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(57) Abstract: System and methods for rendering
key respiratory measurements accessible to hand-held
mobile electronic devices with acoustic input capab-
ilities. A whistle having a pre-determined correlation
(between through-flowing airflow per unit time and
frequency of acoustic emissions from the whistle)
may generate or transmit information or signals. A
processor in the mobile electronic device may receive
the information or signals, determine a baseline
acoustic context, and/or record samples. The pro-
cessor may determine a frequency value for an acous-
tic signal (based on the recorded samples), determine
an expiratory airflow rate value (based on the fre-
quency value), and determine a respiratory parameter
(based on the expiratory airflow rate value). The pro-
cessor may also determine whether the acoustic sig-
nal corresponds to a whistle signal that is generated
by a user performing a forceful exhalation through
the whistle. The processor may generate and render
spirometric information.
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TITLE

Systems, Devices And Methods For Rendering Key Respiratory Measurements
Accessible To Mobile Digital Devices

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S. Patent Application No.
14/857,241 titled “Means For Rendering Key Respiratory Measurements Accessible
To Mobile Digital Devices” filed September 17, 2015, which is a continuation of U.S.
Patent Application No. 12/924,245 titled “Means For Rendering Key Respiratory
Measurements Accessible To Mobile Digital Devices” filed September 22, 2010, now
U.S. Patent No. 9,138,167, which claims the benefit of U.S. Provisional Application
No. 61/246,058 filed September 25, 2009, the entire contents of all of which are

hereby incorporated by reference.

[0002] This application also claims the benefit of priority to each of U.S. Provisional
Application No. 62/243,448 titled “A Means For Rendering Key Respiratory
Measurements Accessible To Mobile Digital Devices” filed October 19, 2015, U.S.
Provisional Application No. 62/220,778 titled “A Means For Rendering Key
Respiratory Measurements Accessible To Mobile Digital Devices” filed September
18, 2015, U.S. Non-Provisional Application No. 15/267,108 titled "Systems, Devices
And Methods For Rendering Key Respiratory Measurements Accessible To Mobile
Digital Devices " filed September 15, 2016, the entire contents of which are hereby

incorporated by reference.
BACKGROUND

[0003] Spirometers — devices that monitor respiration — may be used in range of
clinical, domestic, and vocational situations. For example, spirometers may be used to
diagnose and monitor common respiratory conditions such as asthma and chronic
obstructive pulmonary disease (COPD), screen for occupational health hazards such
as silicosis and black lung disease, and assist athletes and lung transplant recipients to

monitor lung performance.
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[0004] There are two general categories of spirometers — diagnostic spirometers and
monitoring spirometers — each with its own set of requirements. Diagnostic
spirometers are used in clinical settings, and are typically used to measure a number of
respiratory parameters with high accuracy and precision. Monitoring spirometers are
more frequently used in domestic and vocational settings; they should be cost-
effective for individual users, compact, convenient, robust, low-maintenance, and

designed for routine use.

[0005] Monitoring spirometers typically measure a person’s peak expiratory flow rate
(PEF, or PEFR), defined as the maximum volumetric airflow rate recorded during a
voluntary forced expiration of air from the lungs. In addition to PEFR, another
parameter measured by some monitoring spirometers is one-second forced expiratory
volume (FEV)): the volume of air a person can forcibly exhale over the course of one
second following a deep inhalation. (The subscript in the abbreviation “FEV,”
indicates the duration of exhalation, in seconds.) Portable, compact monitoring
spirometers that enable a user to monitor peak expiratory flow rate are commonly
referred to as “peak flow monitors.” Peak flow monitors that facilitate measurement of

peak expiratory flow are commonly referred to as “peak flow meters.”

[0006] Peak flow meters hold particular promise in the domain of asthma
management. Asthma’s prevalence world-wide has increased by approximately 50%
per decade in recent history, and according to the World Health Organization (WHO),
the human and economic burden associated with asthma surpasses that of AIDS and
tuberculosis combined (2006). Approximately 300 million people world-wide suffer
from asthma, and each year, asthma results in over 200,000 deaths (International
Union against Tuberculosis and Lung Disease, 2005). In America alone, asthma
affects 20 million people, and accounts for $14 billion in health expenditures and lost
productivity each year. Asthma is the most common chronic illness among children

(National Institute of Health, 2006).

[0007] Asthma is a considerable problem, and peak flow meters play a role in the

asthma management strategies that physicians and medical institutions recommend.
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According to the National Institute of Health (NIH): “A peak flow meter can tell you
when an episode is coming—even before you feel the symptoms. Taking medicine
before you feel symptoms can stop the episode. People over the age of 4 with
moderate or severe asthma should use a peak flow meter at least daily” (NIH
Publication No. 91-2664). The “Pocket Guide to Asthma Management” (2004)
published by the Global Initiative for Asthma (GINA) recommends that patients
monitor peak flow “as much as possible.” The National Asthma Education Program’s
(NAEP) 2007 Expert Panel Report highlights the value of regular PEFR readings in
evaluating medications, detecting “early warning” signs, and precluding hospital visits
(NIH Publication No. 07-4051). The American Thoracic Society (ATS) and National
Heart, Lung and Blood Institute (NHLBI) recommend that patients with known
respiratory disease regularly monitor their lung function. When a patient is able to
routinely monitor his/her condition, the chances of successful management are

improved.

[0008] Despite the recommendations of medical authorities, use of peak flow meters
1s far from ubiquitous. According to Allan H. Goroll, MD and Albert G. Mulley, MD,
authors of the 2009 edition of “Primary Care Medicine”, only 20% of asthma patients
who stand to benefit from using a peak flow meter actually use one. In practice,
availability, adoption and adherence all strongly influence the impact that existing

monitoring solutions have on asthma management outcomes worldwide.

[0009] While leading physicians and medical institutions are encouraging self-care
through routine peak airflow monitoring, they are not recommending that the entire
burden of asthma management fall on the shoulders of individual patients. Rather,
medical authorities such as the NAEP are advocating for a network-based approach to
self-care, characterized by collaborative relationships between patients, physicians
and family members. Within such a network-based approach, the timely sharing of

health information among concerned parties is of particular importance.

[0010] There are several classes of peak flow monitoring devices. One early type of

device renders a threshold expiratory airflow perceptible to end-users by means of a
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whistle. If the whistle sounds when the user blows into the device, the user i1s meant
to conclude that their peak airflow is above this threshold airflow rate. The threshold
can be adjusted, usually by enlarging or contracting a leak orifice situated between a
mouthpiece and the whistle section of the device. The leak orifice diverts a portion of
incoming airflow so that this portion does not pass through the whistle. While such
devices are inexpensive, simple to use, and reward their users sonically for exhaling as
forcefully as possible, their threshold values must be set properly prior to use in order
to achieve valid results. Further, as threshold devices, they do not facilitate routine
measurement in the manner that leading physicians and medical institutions now

recommend.

[0011] The majority of peak flow meters currently available are mechanical devices
with an enclosed moving element (such as a piston) connected to an externally visible
pointer, positioned in close relation to a measurement scale. When a user blows into
such a device, the force of his/her breath repositions the moving element, and its
associated pointer points to a location on the measurement scale to indicate the user’s
peak expiratory flow. While such mechanical peak flow meters are simple and
relatively inexpensive, friction, inertia, gravity, and other artifacts of mechanical
implementation can compromise their accuracy. The need for at least one enclosed
moving part has implications for reliability, ease of cleaning, and ease of sterilization.
Since mechanical peak flow meters typically only display the result of the most recent
measurement trial, they do not facilitate presentation of multiple trial results
simultaneously — much less the visualization or exploration of trial data over a range

of time scales.

[0012] In response to some of the limitations of threshold-whistle monitors and
mechanical peak flow meters, electronic peak flow meters have been devised.
Electronic peak flow meters typically incorporate some form of sensor,
microprocessor, non-volatile memory and an LCD display. Approaches to sensing
vary; some devices sense the rate at which a rotor spins in response to breath-
generated airflow. Other devices sense a difference in pressure between two points

along an air passageway, or the extent of Doppler shift in an ultrasound signal as it
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passes across an air passageway. Sensed values are usually translated into peak
airflow rate values by a microprocessor, stored in non-volatile memory, and presented
on an LCD display for a user to view. Electronic peak flow meters tend to be more
accurate than their mechanical counterparts, and are able to store and display
measurements (in some cases, FEV, in addition to PEFR) from multiple trials. Some
electronic peak flow meters also have the capability of sending measurement data to a

personal computer via an attached cable or a wireless (radio-wave based) connection.

[0013] Although electronic peak flow meters typically offer greater measurement
accuracy than mechanical peak flow meters, this accuracy comes at a price.
Electronic peak flow meters tend to be significantly more expensive, and are also
frequently less intuitive to use. To keep manufacturing costs down, user interface
elements (buttons and LCD display symbols, symbol-sections and or pixels) are
usually kept to a minimum — a factor that restricts ease of use. The electronic
communication capabilities that some electronic peak flow meters offer are basic, and
typically only possible with significant additional expense in the form of data cables,
memory cards and personal computer software. Significantly, electronic peak flow
meters do little at present to capitalize on advantages that software applications can

provide within mobile contexts of use.

[0014] Electronic peak flow meters currently require batteries, and can run out of
energy at inopportune moments — further eroding ease of use and reliability. The need
for battery-powered electronics restricts how easily electronic peak flow meters can be
washed and sterilized without risk of damage. While electronic peak flow meters are
frequently sufficiently portable, they can become yet another battery-powered
electronic device a patient must carry around on their person. In comparison with
alternatives, electronic peak flow meters are more complex to manufacture and more
difficult to recycle. They regularly contain toxic materials incongruous with their

function as health-monitoring devices.

[0015] Some types of airflow sensors/transducers can generate acoustic oscillation

solely through their static structure and fluid dynamic interactions, such as fluidic
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oscillators and fluidic whistles. Such devices have been designed to accommodate
human spirometric measurement, as evident from the disclosures in U.S. Patent Nos.:
3,714,828 (1973); 4,182,172 (1980); 7,094,208 (2006); and 7,383,740 (2008). The
spirometry solutions put forward in these patents share the advantage of minimal need
for calibration. Because, however, these solutions employ fluidic oscillators as
components within or attached to dedicated electronic peak flow measurement devices
or systems, they typically have many of the previously discussed limitations typical of
electronic peak flow meters. Further, since these solutions are ultrasonic (above the
range of human hearing), they do not adequately capitalize on audible feedback as a

means to reward a user for exhaling as forcefully as possible.

[0016] One type of airflow sensor-transducer that has only been cursorily explored in
the context of spirometry is that of the vortex whistle. Vortex whistles have the
property that the fundamental frequency of sound waves they emit varies reliably and
repeatably with the rate of fluid flow passing through them. This property makes it
possible to derive a vortex whistle’s through-passing airflow rate from its frequency
emissions. Vortex whistles were first characterized by Bernard Vonnegut at General
Electric Research Laboratory during the 1950s, and their principle of operation
explained within his 1954 article “A Vortex Whistle”, published by the Journal of the
Acoustic Society of America (Volume 26, Number 1). Essentially, a vortex whistle
channels flowing fluid (liquid or gas) into a swirling vortex, and then through an
outlet tube. As the vortex exits the outlet tube, it becomes unstable, and whips around
with an angular velocity comparable to its rotational velocity. It is believed that the
instability of the vortex as it exits the outlet tube creates the vortex whistle’s sound.
Vonnegut’s whistles were introduced for the application of ship and airplane speed
monitoring, and have subsequently been used within the domain of industrial process
control. A literature review has uncovered one attempt to apply the principle of the
vortex whistle within the domain of spirometery, documented in “Application of the
Vortex Whistle to the Spirometer” by Hiroshi Sato, et al. in Japan’s 1999 Transactions
of the Society of Instrument and Control Engineers. This research probe employed a

whistle of Vonnegut’s design, with the aim of measuring expiratory airflow on a
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stationary workstation computer equipped with a microphone. While this preliminary

investigation introduced the idea of using a whistle operating on the basic principle of

the vortex whistle with the aim of measuring expiratory airflow, the investigation did

not consider or address the requirements of a portable spirometric monitoring solution

for use in mobile contexts, nor did this work overcome limitations inherent in

Vonnegut’s whistle design with respect to measurement of peak expiratory airflow.

[0017] While a range of monitoring spirometry solutions exists, there remains

significant room for improvement, particularly in the following areas:

Communication: At present, peak flow meters are predominantly stand-alone
devices that do little or nothing to support timely, convenient flow of health
information throughout a patient’s network of family members and physicians.
In an age when networked mobile information services are commonplace, the
lack of convenient mobile connectivity and structured channels of digital
communication are notable shortcomings.

Visualization: Existing portable monitoring spirometry solutions frequently fail
to provide concise graphical reports designed to facilitate quick, sound
interpretation and effective medical treatment decisions. Further, the user
interfaces for existing portable monitoring solutions do little to support
exploration of trends over multiple timescales.

Ease of Use: Existing monitoring solutions currently fail to minimize the
inconvenience and awkwardness of routine monitoring regimens — not only for
patients, but also for family members and physicians.

Annotation: Existing peak flow monitoring devices for the most part do not
assist patients to supplement automated quantitative measurement with self-
reported contextual details. The ability to annotate a trial record with
information such as whether the trial was performed following medication,
what medication(s) were used, and other information pertaining to the trial
would be of value in subsequent reviews of trial data by patients, physicians

and family members.
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® Motivation: Operation of a peak flow meter is effort-dependent. If a patient
does not routinely exhale as forcefully as they are able, or does not adhere to a
measurement regimen, the most precise of measurement solutions cannot
ensure accurate results. Contemporary solutions do little to reward the
consistent effort required for routine expiratory airflow measurement — nor do
they frame the activity of measurement in ways that invite enjoyment. Present
solutions typically frame peak flow measurement as a task to be completed,
when it could alternatively be framed as a game to be played, a competition to
be won, a media/entertainment “snack”, or the price of admission for some
other form of rewarding experience administered in periodic installments.

e Social Acceptability: The aesthetic/industrial design of available peak flow
monitoring devices is usually clinical and utilitarian; for the most part,
available devices and systems cannot easily be construed as fun, cool, elegant
or fashionable. If an asthma patient feels reluctant or embarrassed to carry,
hold or use a monitoring solution, it is of little value to them.

e (orrelation: Identifying the factors that exacerbate symptoms is a significant
aspect of asthma management. Existing portable peak flow monitoring
solutions do little to help patients correlate their own lung function with a range
of potentially relevant environmental variables, such as local pollen count and
geographic location. The ability to facilitate correlation could be beneficial not
only for patients and their networks, but also for public health and medical
research institutions in their efforts to understand asthma on a larger scale.

® Reminding: The vast majority of monitoring solutions do not provide patients
with the option of configuring and activating automated reminders that could
support the routine monitoring regimens that medical authorities recommend.

e Although the frequently-competing constraints of low cost, ergonomics,
intuitiveness, accuracy, and reliability have been considered in the past, these
constraints have not historically been balanced in ways that leverage the
mobile technologies that millions of people already carry on their persons.

o Adherence: State of the art spirometric monitoring solutions frequently fail to

frame the activity of peak flow measurement in a manner that motivates
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patients to adhere to their peak flow measurement regimens. While there have
been significant advances in peak flow meter design over time, none of these
advances can help a patient who does not use their peak flow meter.
Historically, the challenge of adherence has been chronically under-

appreciated.

[0018] For all the forgoing reasons, new and improved devices and solutions for
collecting, sensing, gathering, interpreting, organizing, analyzing and/or using
respiratory measurements will be beneficial to consumers (e.g., athletes, patients,

etc.), health-care professionals, and medical device manufacturers.
SUMMARY

[6019] The various embodiments include a system that includes a whistle having a
pre-determuned correlation between through-flowing airflow per unit time and
frequency of acoustic emissions from the whistle, and a hand-held mobile electronic
device including a memory, a microphone, an electronic display, and a processor
coupled to the memory, the microphone, and the electronic display. In some
embodiments, the processor may be configured with processor-executable instructions
to perform operations that include determining a baseline acoustic context, recording
samples via the memory based on information received via the microphone,
determining a frequency value for an acoustic signal included in the recorded samples,
determining an expiratory airflow rate value based on the determined frequency value,
determining a respiratory parameter based on the determined expiratory airflow rate
value, generating spirometric information based on one or more of the determined
frequency value, the recorded samples, the determined expiratory airflow rate value,
and the determined respiratory parameter, and rendering the generated spirometric

information.

[0020] In an embodiment, the processor may be configured with processor-executable
instructions to perform operations that further include determining whether the
acoustic signal corresponds to a whistle signal that is generated by a user performing a

forceful exhalation through the whistle based on at least one of the recorded samples,
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the determined {requency value, and the determined baseline acoustic context. Ina
further embodiment, the processor may be configured with processor-executable
instructions to perform operations such that determining the baseline acoustic context
further includes determining at least one of an acoustic feature of the whistle, an
acoustic feature of a user performing a forceful exhalation through the whistle, an
acoustic environment, and a recording device feature. In a further embodiment, the
processor may be configured with processor-executable instructions to perform
operations that further include determining active noises of the recorded samples
based on the determined baseline acoustic context. In a further embodiment, the
processor may be configured with processor-executable instructions to perform
operations that further include receiving an identifier, and at least one of the
operations of performing a validation based on the received identifier and identifying

the correlation of the whistle based on the received identifier.

{6621} In an embodiment, the whistle having a pre-determined correlation between
through-flowing airflow per unit time and frequency of acoustic emissions from the
whistle may be configured to sense the rate of a user's expiratory airflow as it passes
through the whistle, determine a frequency of acoustic emissions based on the sensed
rate, and send the frequency of acoustic emissions to the mobile electronic device. In
an embodiment, the whistle may include a mouthpiece at a first end of an inlet conduit
having a central axis, an outlet conduit having a central axis, a central cavity
(positioned between the inlet conduit and the outlet conduit) having a central axis; and
an airflow guide positioned between the mouthpiece and the central cavity. The
airflow guide may include one or more smooth and continuous surfaces that guide the
user’s expiratory airflow into a vortex within the central cavity to produce an acoustic
emission as the expiratory airflow exits the outlet conduit. The whistle may have
sufficiently low airflow resistance to produce (e.g., without moving parts, etc.) an
acoustic emission that is detectable by the mobile electronic device, corresponds to a

peak expiratory airflow rate of the user, and correlated to airflow rate.

[0022] Further embodiments include methods of spirometric measurement using a

whistle having a pre-determined correlation between through-flowing anrflow per unit

10
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time and {requency of acoustic emissions from the whistle, which may include
determining, via a processor of a mobile electronic device, a baseline acoustic context,
recording samples based on wformation received via a microphone of the mobile
electronic device, determining a frequency value for an acoustic signal included in the
recorded samples, determining an expiratory airflow rate value based on the
determined frequency value, determining a respiratory parameter based on the
determined expiratory airflow rate value, generating spirometric information based on
one or more of the recorded samples, the determined frequency value, the determined
expiratory airflow rate value, and the determined respiratory parameter, and rendering

the generated spirometric information.

[0023] In an embodiment, the method may include using at {east one of the
determined {requency value, the determined baseline acoustic context, and the
recorded samples to determine whether the acoustic signal corresponds to a whistle
signal that is generated by a user performing a {orceful exhalation through the whistle,
in which determining the expiratory airflow rate value based on the determined
frequency value includes determining the expiratory airflow rate value in response to
determining that the acoustic signal corresponds to the whistle signal. In a further
embodiment, the method may include determining a physical location of the mobile
electronic device, in which at least one of the operations of determining whether the
acoustic signal corresponds to the whistle signal, determining the expiratory airflow
rate value, and generating the spirometric information are performed based on the
determined physical location of the mobile electronic device. In a further
embodiment, determining the baseline acoustic context further includes determining at
least one of an acoustic feature of the whistle, an acoustic feature of a user performing
a forceful exhalation through the whistle, an acoustic environment, and a recording

device feature.

[0024] In a further embodiment, the method may include determining active noises of
the recorded samples based on the baseline acoustic context. In a further embodiment,
the method may include receiving an identifier at the mobile electronic device, and at

least one of the operations of performing a validation based on the received identifier,

11
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and identifying the correlation of the whistle based on the received identifier. In a
further embodiment, the method may include determining whether to limit execution
of at least one of the operations of determining the frequency value for the acoustic
signal included in the recorded samples, determining the expiratory arrflow rate value
based on the determined {requency value, determining the respiratory parameter based
on the determined expiratory airflow rate value, and rendering the generated
spirometric information based on a result of the validation. In a further embodiment,
the method may include rendering a representation of the received identifier, receiving
a user input in response to rendering the representation of the received identifier, and
updating at least one of the validation and the correlation based on the received user
input. In a further embodiment, the method may include adding the received identifier
as a valid identifier for the whistle. In a further embodiment, the method may include
transmitting information to a processing and storage resource via a wireless network,
the transmitted information including at least one of a recorded sample, the
determined frequency value, the determined expiratory airflow rate value, the
determined respiratory parameter, and a portion of the generated spirometric

information.

[0025] Further embodiments include a hand-held mobile electronic device that
includes a memory, a microphone for receiving signals from a whistle having a pre-
determined correlation between through-flowing arrflow per unit ime and frequency
of acoustic emissions from the whistle, an electronic display, and a processor coupled
to the memory, the microphone, and the electronic display. The processor may be
configured with processor-executable instructions to perform operations that include
determining a baseline acoustic context, recording samples via the memory based on
information received via the microphone, determining a frequency value for an
acoustic signal included in the recorded samples, determining an expiratory airflow
rate value based on the determined frequency value, determining a respiratory
parameter based on the determined expiratory airflow rate value, generating

spirometric information hased on one or more of the recorded samples, the determined

12
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frequency value, the determined expiratory airflow rate value, and the determined

respiratory parameter, and rendering the generated spirometric information.

[0026] In an embodiment, the processor may be configured with processor-executable
instructions to perform operations that further include using at least one of the
determined {requency value, the determined baseline acoustic context, and the
recorded samples to determine whether the acoustic signal corresponds to a whistle
signal that 1s generated by a user performing a {orceful exhalation through the whistle,
in which determining the expiratory airflow rate value based on the determined
frequency value includes determining the expiratory airflow rate value in response to
determining that the acoustic signal corresponds to the whistle signal. In a further
embodiment, the processor may be configured with processor-executable instructions
to perform operations that further include determining a physical location of the
mobile electronic device, and the processor may be configured with processor-
executable instructions to perform operations such that at least one of the operations
of determuning whether the acoustic signal corresponds to the whistle signal,
determining the expiratory airflow rate value, and generating the spirometric
information are performed based on the determined physical location of the mobile
electronic device. In a further embodiment, the processor may be configured with
processor-executable instructions to perform operations such that determining the
baseline acoustic context further includes determining at least one of an acoustic
feature of the whistle, an acoustic feature of the user performing the forceful
exhalation through the whistle, an acoustic environment, and a recording device
feature. In a further embodiment, the processor may be configured with processor-
executable instructions to perform operations that further include determining active

noises of the recorded samples based on the baseline acoustic context.

[0027] In a further embodiment, the processor may be configured with processor-
executable instructions to perform operations that further include receiving an
identifier, and at least one of the operations of performing a validation based on the
received identifier, and identifying the correlation of the whistle based on the received

identifier. In a further embodiment, the processor may be configured with processor-

13
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executable instructions to perform operations that further include determining whether
to limit execution of at least one of the operations of determining the {frequency value
for the acoustic signal included in the recorded samples, determining the expiratory
airflow rate value based on the determined {requency value, determining the
respiratory parameter based on the determined expiratory amrflow rate value, and
rendering the generated spirometric information based on a result of the validation. In
a further embodiment, the processor may be configured with processor-executable
instructions to perform operations that further include rendering a representation of
the received identifier, receiving a user input in response to rendering the
representation of the received identifier, and updating at least one of the validation and
the correlation, based on the received user input. In a further embodiment, the
processor may be configured with processor-executable instructions to perform
operations that further include adding the received identifier as a valid identifier for
the whistle. In a further embodiment, the processor may be configured with
processor-executable instructions to perform operations that further include
transmitting information to a processing and storage resource via a wireless network,
the transmitted information including at least one of a recorded sample, the
determined frequency value, the determined expiratory airflow rate value, the
determined respiratory parameter, and a portion of the generated spirometric

information.

[0028] Further embodiments include a non-transitory computer readable storage
medium having stored thereon processor-executable software instructions configured
to cause a processor in a hand-held mobile electronic device to perform operations for
spirometric measurement using a whistle having a pre-determined cosrelation between
through-flowing airflow per unit time and frequency of acoustic emissions {rom the
whistle, the operations including determining a baseline acoustic context, recording
samples based on information received via a microphone of the mobile electronic
device, determining a frequency value for an acoustic signal included n the recorded
samples, determining an expiratory airflow rate value based on the determined

frequency value, determining a respiratory parameter based on the determined

14
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expiratory airflow rate value, generating spirometric information based on one or
more of the recorded samples, the determined {requency value, the determined
expiratory airflow rate value, and the determined respiratory parameter, and rendering

the generated spirometric information.

[0029] In an embodiment, the stored processor-executable software instructions may
be configured to cause a processor to perform operations that further include
determining whether the acoustic signal corresponds to a whistle signal that is
generated by a user performing a forceful exhalation through the whistle based on at
least one of the recorded samples, the determined {requency value, and the determined
baseline acoustic context. In a further embodiment, the stored processor-executable
software instructions may be configured to cause a processor to perform operations
such that determining the baseline acoustic context further includes determining at
least one of an acoustic feature of the whistle, an acoustic feature of a user performing
a forceful exhalation through the whistle, an acoustic environment, and a recording
device feature. In a further embodiment, the stored processor-executable software
instructions may be configured to cause a processor to perform operations that further
include determining active noises of the recorded samples based on the determined
baseline acoustic context. In a further embodiment, the stored processor-executable
software instructions may be configured to cause a processor to perform operations
that further include receiving an identifier, and at least one of the operations of
performing a validation based on the received identifier, and identifying the

correlation of the whistle based on the received identifier.

[0030] Further embodiments may include a computing device having a processor
configured with processor-executable instructions to perform various operations
corresponding to the methods discussed above.

[0031] Further embodiments may include a computing device having various means

for performing functions corresponding to the method operations discussed above.

[0032] Further embodiments may include a non-transitory processor-readable storage

medium having stored thereon processor-executable instructions configured to cause a
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processor to perform various operations corresponding to the method operations

discussed above.
BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are incorporated herein and constitute part
of this specification, illustrate exemplary embodiment of the invention, and together
with the general description given above and the detailed description given below,

serve to explain the features of the invention.

[0034] FIG. 1 is a system diagram that illustrates a spirometric measurement system
for capturing, recording, and intelligently utilizing a user’s expiratory measurements

in accordance with various embodiments.

[0035] FIG. 2A is diagram illustrating an embodiment whistle that is suitable for use
for capturing and intelligently utilizing a user’s expiratory measurements in

accordance with the various embodiments.

[0036] FIG. 2B 1s diagram illustrating another embodiment whistle that is suitable for
use for capturing and intelligently utilizing a user’s expiratory measurements in

accordance with the various embodiments.

[0037] FIG. 3 is a process flow diagram illustrating a method for capturing, recording,
and intelligently utilizing a user’s expiratory measurements in accordance with one or

more embodiments.

[0038] FIG. 4 shows a perspective view of a whistle, in accordance with one or more

embodiments.

[0039] FIG. 5 shows a top view of a whistle, in accordance with one or more

embodiments.

[0040] FIG. 6 shows a sectional side view of a whistle, in accordance with one or

more embodiments.
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[0041] FIG. 7 shows a perspective view of a whistle, in accordance with one or more

embodiments.

[0042] FIG. 8 shows a top view of a whistle, in accordance with one or more

embodiments.

[0043] FIG. 9 shows a sectional side view of a whistle, in accordance with one or

more embodiments.

[0044] FIG. 10 shows an experimentally derived plot of the characteristic relationship
between input airflow rate and output acoustic frequency for a prototype whistle, in
accordance with an embodiment including a whistle similar to the whistle illustrated

in FIG. 2.

[0045] FIG. 11 is an illustration that depicts a user blowing through a whistle with a
horn-shaped exterior towards a hand-held mobile electronic device in accordance with

one or more embodiments.

[0046] FIG. 12A depicts a perspective view of a whistle combined with a medicine

dosage dispenser, in accordance with one or more embodiments.

[0047] FIG. 12B shows a sectional view of the combination of whistle and medicine

dosage dispenser depicted in FIG. 9.

[0048] FIG. 13 is diagram illustrating another embodiment whistle that is suitable for
use for capturing and intelligently utilizing a user’s expiratory measurements in

accordance with the various embodiments.

[0049] FIG. 14 shows a front view of another embodiment whistle (inlet facing the
viewer) that is suitable for use for capturing and intelligently utilizing a user’s

expiratory measurements in accordance with the various embodiments.

[0050] FIG. 15 shows a top view of a whistle, in accordance with one or more

embodiments.
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[0051] FIG. 16 shows a sectional side view of a whistle, in accordance with one or

more embodiments.

[0052] FIG. 17 shows a sectional side view of a whistle, in accordance with one or

more embodiments.

[0053] FIG. 18 shows a perspective view of a whistle, in accordance with one or more

embodiments.

[0054] FIG. 19 shows a side view of a whistle, 1n accordance with one or more

embodiments.

[0055] FIG. 20 shows a sectional bottom view of a whistle, in accordance with one or

more embodiments.

[0056] FIG. 21 shows a sectional top view of a whistle, in accordance with one or

more embodiments.

[0057] FIG. 22 shows a sectional side view of a whistle, in accordance with one or

more embodiments.

[0058] FIG. 23 shows a sectional bottom view of a whistle, in accordance with one or

more embodiments.

[0059] FIG. 24 is a process flow diagram illustrating a method for capturing,
recording, and intelligently utilizing a user’s expiratory measurements in accordance

with an embodiment.

[0060] FIG. 25 shows a perspective view of a whistle with a mouthpiece cover in the

covered position, in accordance with one or more embodiments.

[0061] FIG. 26 shows a perspective view of a whistle with a mouthpiece cover in the

retracted position, in accordance with one or more embodiments.

[0062] FIG. 27 is a component block diagram illustrating a hand-held mobile

electronic device that 1s suitable for use in accordance with the various embodiments.
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DETAILED DESCRIPTION

[0063] The various embodiments will be described in detail with reference to the
accompanying drawings. Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts. References made to
particular examples and implementations are for illustrative purposes, and are not

intended to limit the scope of the invention or the claims.

[#864] In overview, the various embodiments include methods, and devices
configured to implement the methods, of collecting and using spirometric
measurements via a whistle having a pre-determined correlation between through-
flowing airflow per unit time and frequency of acoustic emissions from the whistle. A
processor in a hand-held mobile electronic device may be configured to determine a
baseline acoustic context, record samples in memory (e.g., based on information
recetved via a microphone of the hand-held mobile electronic device), determine a
frequency value for an acoustic signal included m the recorded samples, and
determine whether the acoustic signal corresponds to a whistle signal that is generated
by a user performing a forceful exhalation through the whistle based on the recorded
saniples, the determined frequency value and/or the determined baseline acoustic
context. The processor may determine an expiratory airflow rate value based on the
determined {requency value (e.g., in response to determining that the acoustic signal
corresponds to a whistle signal), and determine a respiratory parameter based on the
determined expiratory airflow rate value. The processor may generate spirometric
information based on the recorded samples, the determined frequency value, the
determined expiratory atrflow rate value and/or the determined respiratory parameter,
and cause an electronic display of the hand-held mobile electronic device to render the

generated spirometric information.

[0065] The embodiments disclosed and described in this application provide a non-
conventional and non-generic arrangement of pieces/components, which are arraigned
and/or configured so as to collect more accurate and more reliable spirometric

measurements. As compared to conventional solutions, the particular arrangements
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and configurations of the various embodiments disclosed herein may increase the
efficiency of collecting spirometric measurements or measuring the respiratory system
of a user. The embodiments also reduce the number or quantity of resources (e.g.,
processing resources, battery resources, communication resources, etc.) used or
consumed when collecting spirometric measurements, and generate more accurate and
more reliable measurement results than most existing or conventional solutions. For
all these reasons, the various embodiments improve the performance and functioning
of the devices in which they are implemented. Additional benefits and improvements
provided by the embodiments described in this application will be evident from the

disclosures below.

[0066] The terms “hand-held mobile electronic device,” “mobile electronic device,”

7% ¢

“mobile device,” “portable digital device,” are used generically and interchangeably
herein, and may to refer to any one or all of cellular telephones, mobile phones,
smartphones, personal or mobile multi-media players, personal data assistants
(PDA’s), tablet computers, palm-top computers, wireless electronic mail receivers,
multimedia Internet enabled cellular telephones, wireless gaming controllers, personal
digital assistants, mobile gaming platforms, and similar personal electronic devices
that include a programmable processor, a memory, communications circuitry, and an

acoustic input unit such as an integrated microphone, plugged-in microphone,

Bluetooth wireless microphone, electro-mechanical vibration transducer.

7% 6 2% 64

[0067] As used in this application, the terms “component,” “system,” “manager” and
the like are intended to include a computer-related entity, such as, but not limited to,
hardware, firmware, a combination of hardware and software, software, or software in
execution, which are configured to perform particular operations or functions. For
example, a component may be, but 1s not limited to, a process running on a processor,
a processor, an object, an executable, a thread of execution, a program, and/or a
computer. By way of illustration, both an application running on a computing device

and the computing device may be referred to as a component.
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[0068] The various embodiments include/provide spirometric measurement systems
for capturing, generating, measuring, determining, or making human expiratory
airflow-related measurements accessible to hand-held mobile electronic devices. An
embodiment spirometric measurement system may include a compact portable whistle
and a physically separate hand-held mobile electronic device. The compact portable
whistle may be a whistle having a pre-determined correlation between through-
flowing airflow per unit time and frequency of acoustic emissions from the whistle.
The hand-held mobile electronic device may be configured with processor executable
instructions to perform various operations for capturing, recording, processing,
analyzing and/or evaluating information and sounds generated by the compact

portable whistle.

[0069] The compact portable whistle may be configured, equipped, designed or
arranged to produce acoustic emissions with a frequency that varies with airflow rate.
The hand-held mobile electronic device may be equipped with an acoustic input unit
(e.g., an integrated microphone, plugged-in microphone, Bluetooth wireless
microphone, electro-mechanical vibration transducer, etc.). The compact portable
whistle may be configured to generate and/or send information that is suitable for
deriving airflow-based measurements to the acoustic input unit of the hand-held
mobile digital device. The hand-held mobile electronic device may be configured to
receive, collect, and/or use information collected by the acoustic input unit to
generate, compute, or determine human expiratory airflow-related measurements in a
manner that is rapid, convenient, wireless, energy efficient, and battery-less (or not
reliant on the whistle including a non-rechargeable or primary battery), all without any

need for manual recording or data entry by a human user.

[0070] In the various embodiments, the hand-held mobile electronic device may
include a processor that is configured with processor executable instructions to
perform operations that include determining a user’s expiratory airflow rate (e.g.,
PEFR, FEV, etc.) based on inputs received from the compact portable whistle (e.g.,
via the acoustic input unit), encoding the user’s expiratory airflow rate as an acoustic

frequency of emissions (or receiving encoded information), decoding the acoustic
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frequency of emissions to regain the expiratory airflow rate, and/or deriving
respiratory parameters based on the expiratory airflow rate. The processor/device may
also include circuitry for executing or performing software applications and/or any of

the methods discussed in this application.

[0071] In some embodiments, the hand-held mobile electronic device may be
configured to transmit or communicate captured, determined, generated or computed
information (e.g., acoustic input, expiratory airflow rate, acoustic frequency of
emissions, etc.) to a network server. The network server may include a processor that
1s configured to perform any or all of the operations discussed above. For example,
the network server processor may be configured to receive raw data (e.g., acoustic
frequency or emission information, etc.) from a mobile device, store the raw data in
memory, and use the raw data to derive respiratory parameters (e.g., based on the
captured or computed expiratory airflow rate). Thus, in some embodiments, some or
all of the operations described with respect to the hand-held mobile electronic device
may be performed remotely on a network (via a processor in a network server
computing device, etc.) having access to data from the mobile device. In some
embodiments, the operations may be performed in a distributed or co-operative

fashion, such as partially on the mobile device and partially on the network server.

[0072] In some embodiments, the network server may store the computed or derived
parameters and other information (e.g., human expiratory airflow-related
measurements, etc.) in a network server or the “cloud” so that it i1s accessible to a
plurality or multitude of remote users and devices. By storing such information in a
central or distributed system (e.g., a database, server in the “cloud,” etc.) and enabling
user computing devices to access and use the information stored in this database, the
various aspects enable users and devices to better identify and react to emergency

conditions (e.g., asthma attacks, etc.).

[0073] In some embodiments, the spirometric measurement system and/or the hand-
held mobile electronic device may be configured to perform any or all of the

operations performed by a conventional dedicated portable spirometry device. In
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addition, the system/device may be configured to provide connectivity for inter-
personal communications and data transfer; generate reminders through audio,
vibrotactile and graphical means; display information through sophisticated graphical,
audio and vibrotactile means; provide manual control of the spirometry operations via
buttons, inertial, and/or touch screens; provide interactive feedback for motivational,
instructional, editorial, aesthetic and enjoyment purposes; provide data recording,
processing and storage; provide juxtaposition, combination and correlation of
information from local and remote sources; provide the ability to download and
incorporate additional/alternate sounds, graphics, animations and software
applications; determine a baseline acoustic context; record samples; determine
frequency values for acoustic signals included in the recorded samples; determine
expiratory airflow rate values based on frequency values; determine respiratory
parameters (e.g., based on expiratory arflow rate values, etc.); and generate/render
spirometric information based on recorded samples, determined frequency values,

determined expiratory atrflow rate values, and determined respiratory parameters.

[0074] In some embodiments, the spirometric measurement system may be
configured to present, provide, or frame the activity of peak flow measurement in a

manner that motivates patients to adhere to their peak flow measurement regimens.

[0075] In some embodiments, the compact portable whistle may be configured,
equipped, or arranged to reduce or minimize resistance to airflow, which improves the
accuracy of the airflow-based or airflow-related measurements. For example, the
compact portable whistle may be equipped with an inlet passageway having a cross-
sectional area that is sized (e.g., is made sufficiently large, etc.) so that the
whistle/passageway does not restrict (or does not significantly restrict, does not
significantly alter, does not impact, etc.) the expiratory airflow as it passes through the
whistle. The cross-sectional area may also be sized (e.g., made small enough, etc.) so
as to produce acoustic emissions having an acoustic frequency within a select
frequency range, so that the frequency of the generated acoustic emissions correlates

with airflow rate, etc.
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[0076] In some embodiments, the compact portable whistle may be configured,
equipped, or arranged to have a pre-determined correlation between the through-
flowing airflow per unit time and the frequency of the acoustic emissions generated by

the whistle.

[0077] In some embodiments, the compact portable whistle may be configured,
equipped, or arranged to transmit an acoustic signal through electrically passive means

for reception by the acoustic input unit of the hand-held mobile electronic device.

[0078] An embodiment of a system and method for performing spirometric

measurements will be described with reference to Figs. 1-7.

[0079] FIG.1 illustrates an example system 100 suitable for capturing, recording, and
intelligently utilizing a user’s expiratory measurements in accordance with various
embodiments. In particular, FIG. 1 depicts a user 102, and a whistle 104 that, when
blown through forcefully by the user 102, emits sound waves 106 having a {frequency
that varies with the user’s expiratory airflow rate in a reliable and repeatable manner.
In some embodiments, the whistle 104 may be configured to emit a continuous tone
with a fundamental frequency that varies with the user’s expiratory airflow rate. In
other embodiments, the whistle 104 may be configured to emit a series of pulses such

that the pulse frequency correlates with the user’s expiratory airflow rate.

[0080] FIG.1 additionally depicts a hand-held mobile electronic device 108, which
may include a microphone, a display, the capability of running the process or
performing the method described below with reference to FIG. 3, and the ability to
communicate data (including acoustic data) over at least one wireless network. Also,
in the example illustrated in FIG. 1, family members 110 and a physician 112
represent the user’s asthma care network. A networked data processing, storage and
communication resource 114, and computers or mobile devices owned and or operated
by one or more family member(s) and physician(s) (116, 118) are also depicted in

FIG. 1.
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[0081] FIG. 2A illustrates an example whistle 104 that is suitable for use with the
various embodiments. In the example illustrated in FIG. 2A, the whistle 104 includes
an inlet 202, an airflow guide 204, a hollow main tube 206, an airflow constrictor ring
208, an outlet tube 210, and an outlet 212. The airflow guide 204 is situated within
the whistle’s hollow main tube 206 between inlet 202 and outlet 212. The airflow
guide 204, together with the inner wall of the main tube 206, define several airflow
passageways or channels. In other embodiments, the whistle 104 may include an
airflow guide 204 in the form of one or more vanes and/or smoothly transitional

surface (discussed in detail further below).

[0082] The airflow constrictor ring 208 may be configured, arranged and/or
positioned to create a transition between the main tube 206 and the outlet tube 210.
The outlet tube 210 may be of a decreased diameter relative to the main tube 206. In
some aspects, the cylindrical cavity within the main tube 206 between the airflow
guide 204 and the outlet tube 210 may be referred to as the central cavity. In some
embodiments, the inlet 202 and outlet 212 of the whistle 104 may be coaxially aligned
so that the net direction of airflow into the whistle 104 (e.g., into the inlet 202) is
substantially the same as the net direction of airflow out of the whistle 104 (e.g., out
of the outlet 212). In some embodiments, inlet 202 and outlet 212 of the whistle 104

may be perpendicularly aligned.

[0083] FIG. 2B illustrates another example whistle 104 that is suitable for use with
the various embodiments. In particular, FIG. 2B illustrates that a portions or sections
of the whistle 104 may be formed, shaped or tapered. The section 206A of the main
tube 206 stretching from the inlet 202 to the airflow guide 204 may be formed, shaped
or tapered. In some aspects, this section 206 A may be referred to as the inlet-region
of the main tube, the inlet tube, or the mouthpiece. FIG. 2B also illustrates that the
main tube 206 may include a horn region 206B, and that the “true” outlet 212 of the

whistle may be recessed inside the horn region 206B.

[0084] The horn region 206B may be shaped, formed or tapered so as to identify (e.g.,
via comparison) the inlet 202 of the whistle 104, and clarify which end of the whistle
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a user must blow through. The horn region 206B may also identify the portion (or
end) of the whistle 104 that should be aimed at a mobile device (e.g., hand-held
mobile electronic device 108 illustrated in FIG. 1, etc.) in order for the device to
accurately capture, record, and utilize the user’s expiratory measurements in

accordance with various embodiments.

[0085] In some embodiments, the horn region 206B may be shaped or formed so as to
provide an engaging metaphor for user interaction. The horn region 206B may be
horn-shaped in some embodiments, and shaped in any of a variety of different ways in
other embodiments. In addition, in some embodiments, rather than including a “horn”
similar to that which is illustrated in FIG. 2B, the horn region 206B may include any
of a variety of different structures, forms or shapes that function, operate or serve as a
physical constraint or barrier. Therefore, nothing in this application should be used to
limit the whistle 104 and/or horn region 206B to a particular structure, shape or form

unless the specific structure, shape or form is expressly recited in the claims

[0086] In some embodiments, the horn region 206B may be formed or shaped so as to
facilitate the whistle’s 104 use with the hand-held mobile electronic device 108. For
example, the distance between the “true” outlet 212 of the whistle 104 and the input
capture mechanism (e.g., microphone, etc.) of the mobile device may have a
significant impact on the quality of the acoustic communications between whistle 104
and a hand-held mobile electronic device 108. As such, in some embodiments, the
horn region 206B may be shaped or formed so as to serve as a physical constraint or
barrier that prevents or discourages a user from placing the microphone of a mobile

digital device too close to the “true” outlet 212.

[0087] In some embodiments, the whistle 104 may include a barrier (e.g., via the horn
region 206B, etc.) that prevents or discourages a user from positioning the microphone
of the mobile digital device 108 closer than about 3mm away from the “true” outlet
212. In some embodiments, the barrier may be configured or arranged to cause or
encourage a user to position the microphone of the mobile digital device 108 further

than 3mm away from the “true” outlet 212.
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[0088] Thus, the shape and size of horn region 206B may be selected so that the horn
region 206B operates to control the manner in which the user positions the outlet 212
relative to the microphone of a mobile device. The shape and size of horn region
206B may also be selected to ensure that the acoustic communications between
whistle 104 and the hand-held mobile electronic device 108 are not negatively

impacted.

[0089] Generally, any interference or tampering with the airflow exiting the whistle
104 through the outlet 212 could significantly degrade the quality of acoustic
communication between whistle 104 and a hand-held mobile electronic device 108
(illustrated in FIG. 1). As such, the horn region 206B also may be shaped or formed
so as to serve as a physical constraint or barrier that prevents or discourages a user
from touching the outlet 212 with his or her hands and/or otherwise manually
interfering with airflow exiting the whistle through the outlet 212. That is, the shape
and size of horn region 206B may be selected so as to ensure proper use and/or that
the acoustic communications between whistle 104 and hand-held mobile electronic

device 108 are not negatively impacted due to improper use.

[0090] FIG. 3 illustrates a method 300 for performing spirometric measurements and
capturing, recording, and intelligently utilizing a user’s expiratory measurements in
accordance with an embodiment. Method 300 may be performed by one or more
processors in a mobile device (such as a mobile phone, personal digital assistant,
mobile gaming system, tablet, hand-held mobile electronic device 108 illustrated in
FIG. 1, etc.) or any personal electronic device that is equipped with acoustic input and
networking capabilities. For example, one or more of the processors in the hand-held
mobile electronic device 108 may be configured with processor-executable software
instructions to perform the operations illustrated in blocks 302-332 and/or other
operations for implementing method 300. The hand-held mobile electronic device
may include a microphone, a display, a data recording unit, processing and storage
capabilities, and an ability to communicate data over a wireless network with an

external data processing and storage resource.
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[0091] In block 302, a processor in a hand-held mobile electronic device may detect
or receive user inputs, determine that a trial has been initiated based on the
detected/received user inputs, and start a timer to record the length of the current trial.
The processor may receive the user inputs in block 302 via an antenna coupled to the
processor, communications circuitry of the mobile digital device, a microphone of the
mobile digital device, from the actuation of user input elements, such as pressing a
button or touching a virtual touch-screen button by the user, or other similar
components. The processor may also receive the user inputs from the whistle in a
variety of different or alternative ways (e.g., the user blowing the whistle to generate
acoustic emissions, the user tapping the whistle against the screen, the user holding
the whistle close to the mobile digital device, the user pressing a button on the whistle,

etc.).

[0092] In block 304, the processor may prompt the user to blow a whistle (e.g., by
performing operations to cause the hand-held mobile electronic device to render a
prompt on its electronic display screen, etc.). For example, in block 304, the
processor may cause the hand-held mobile electronic device to play a sound, display
an icon, generate a vibrating alert, etc. Alternatively, in block 304, the processor may
perform any of a variety of operations to communicate to the user that the device is
ready to receive acoustic input (i.e., that the system is ready for the user to blow the

whistle and commence a trial.

[0093] In block 306, the processor may monitor acoustic input, and collect, record
and/or compute various time and frequency-domain acoustic data. As part of these
operations, the processor may capture, record, or collect one set of consecutive audio
samples and/or regular sets of consecutive audio samples (known as “frames”). In an
embodiment, the processor may generate a collected sample information structure
(e.g., data field, vector, array, table, map, etc.), and store the collected audio samples
and/or frames via the collected sample information structure. Frames may be
overlapping or non-overlapping. As such, the processor may record overlapping
frames, non-overlapping {rames, or a combination of overlapping and non-

overlapping frames in block 306.

28



WO 2017/049034 PCT/US2016/052058

[0094] As part of the operations in block 306, the processor may determine various
characteristics of the collected audio samples or frames. For example, the processor
may perform “time-domain” operations, “lag domain” operations, “frequency
domain” operations, filtering operations, smoothing operations, interpolation

operations, sorting operations, statistical operations, etc.

[0095] In some embodiments, the processor may be configured to perform “time-
domain” operations on the recorded samples in block 306. The time-domain
operations may include zero-crossing detection operations and/or operations for
threshold-detection with hysteresis. The processor may use the results generated from
performing the time-domain operations to determine or compute a period value for a
sampled audio waveform (or audio sample, frame, etc.). The processor may invert the
determined period value to obtain a frequency value for the waveform. The processor

may store the obtained period value or frequency value in memory.

[0096] In some embodiments, the processor may be configured to perform “lag
domain” transformation operations on the recorded samples or frames in block 306.
Performing the lag domain transformation operations may include performing
correlation operations and/or auto-correlation operations. The processor may use the
results generated from performing the lag domain transformation operations to
determine a lag value (or lag period value) corresponding to a period of the sampled
audio waveform (or audio sample, frame, etc.). The processor may invert the
determined lag value to obtain a frequency value for the sampled audio waveform.
The processor may store the obtained lag value, period value, and/or frequency value

in memory.

[0097] In some embodiments the processor may be configured to perform “frequency
domain” operations and transforms in block 306. For example, the processor may be

configured to perform one or more fast fourier transform (“FFT”) operations in block
306. The processor may use the results of performing the frequency domain

operations (e.g., FFT operations, etc.) to determine spectra corresponding to a sampled

29



WO 2017/049034 PCT/US2016/052058

audio waveform, use the determined spectra to determine a frequency value for the

sampled audio waveform, and store the determined frequency value in memory.

[0098] In some embodiments, as part the operations in block 306, the processor may
perform hardware or software filtering operations or smoothing operations. These
operations may be performed with respect to the time domain (e.g., by calculating a
moving average, or convolving a sampled signal with a filter window, etc.) and/or
with respect to the frequency domain (e.g., multiplying spectra by a filter “window,”

etc.).

[0099] In some embodiments, as part the operations in block 306, the processor may
utilize the frequency domain transform results (e.g., results generated via the
performance of FFT operations, etc.) to more rapidly perform time-domain
calculations, or vice-versa (e.g., using an FFT to more rapidly calculate an

autocorrelation).

[0100] In some embodiments, the processor may perform any or all of the operations
discussed in this application to generate intermediate values or data that may be used
for determining whether the onset of a “whistle-sound candidate” — a sound that might

prove to be a valid whistle sound — has begun.

[0101] In some embodiments, the processor may poll a register or an input port of a
microphone in the hand-held mobile electronic device (or any microphone coupled to
the processor via direct or indirect communication links), detect the existence of
sound waves or microphone input, identify various characteristics of the detected
sound waves/input, determine whether the detected sound waves/input comply with
select requirements (e.g., minimum requirements for a candidate, threshold
requirements, etc.) based on the identified characteristics, classify the sound
waves/input as a “whistle-sound candidate” in response to determining that the sound
waves/input comply with the select/minimum/threshold requirements. The processor
may also record or store (e.g., in a memory of the hand-held mobile electronic device
via a record, table, map, etc.) one or more time values (e.g., silent time, current time,

onset time, etc.) in association with the collected or determined frequency-domain
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acoustic data (or audio samples, frames, period values, sampled audio waveform,
frequency values, etc.), and/or perform other similar operations. Such time values may
be recorded or stored as values of variables, as offsets from a given time or sample,

etc.

[0102] In determination block 308, the processor may determine whether a whistle-
sound candidate has begun based on the collected/recorded time and frequency-
domain acoustic data. In an embodiment, the processor may determine that the
whistle-sound candidate has begun in response to determining that detected sound
waves (or a recorded sample, frame, etc.) comply with the select or minimum

requirements of a “whistle-sound candidate.”

[0103] Inresponse to determining that a whistle-sound candidate has begun (i.e.,
determination block 308 = “Yes”), in block 310, the processor may identify the
whistle-sound candidate (e.g., by selecting a recorded sample classified as a potential
candidate in block 306, based on the collected/recorded time and frequency-domain
acoustic data, etc.), and find, identify, compute or determine the onset of the identified
whistle-sound candidate. The processor may determine the onset based on detecting
increases in spectral energy, based on identifying changes in the spectral energy
distribution, based on comparing the captured sound waves/input (or stored data) to

spectral patterns or models, etc.

[0104] In block 310, the processor may store the determined onset in memory. The
onset may include information that identifies the beginning portion of a candidate
sound waveform (or sample, frame, whistle-sound candidate, etc.). In some
embodiments, the onset may be an information structure that includes an absolute or
relative time value, a value that identifies an absolute or relative offset from a
recorded sample, an index into an array of samples, an index into a data structure (e.g.,

collected sample information structure, etc.), and/or other similar information.

[0105] In some embodiments, as part of the operations in block 310, the processor
may mark the determined onset within the recorded data (e.g., data recorded for a

whistle-sound candidate or for the current measurement trial, etc.). In some
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embodiments, this may be accomplished by identifying and recording the approximate
time, index or offset corresponding to the relevant sample or frame. Alternatively or
in addition, the processor may mark the onset by setting a flag within a data structure
(e.g., collected sample information structure, etc.) that includes or references the

relevant sample or frame.

[0106] As mentioned above, the processor may mark the identified/determined onset
within the data recorded for a trial. A “trial” may be an information structure and/or
include any state, context or information that could be used by the processor to
identify, request, wait for, and/or evaluate a flow-related transmission (e.g., whistle
sound, collected audio samples, frames, sampled audio waveform, etc.) generated by
a user or the whistle. For example, the processor could generate a “trial” information
structure that includes a trial start time value, a trial end time value, a trial duration
value, a collected sample, a collected frame, time and frequency-domain acoustic data,

etc.

[0107] In some embodiments, the processor may be configured to evaluate only one
whistle-sound candidate per trial. In other embodiments, the processor may be
configured to evaluate multiple whistle-sound candidates during each trial. Certain
kinds of spurious sounds may occur during the trial, even before user begins to blow
the whistle. As such, the processor may evaluate multiple whistle-sound candidates
during a single trial so as to prevent a spurious sound from prematurely or
unexpectedly terminating the trial. Evaluating multiple whistle sound candidates
during a single trial may increase the chances of successfully recognizing a valid
whistle sound. As such, the processor may evaluate multiple whistle sound candidates
during a single trial so as to reduce recognition errors. The processor may evaluate
multiple whistle sound candidates serially, one after another, or in parallel, with a

plurality of whistle sound candidates overlapping in time.

[0108] The processor may determine that a “current trial” has begun in response to
determining that the whistle-sound candidate has begun, in response to
determining/marking the onset of a whistle-sound candidate, or in response to

receiving or detecting user input. While a trial is under way, the processor may
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designate any or all of the time, lag, and frequency-domain acoustic data collected for
whistle-sound candidate as being part of the “current trial.” In some embodiments,
the processor may create a “current trial” information structure, and populate the

information structure with data collected during the current trial.

[0109] The processor may determine that current trial has ended in response to
determining that a whistle candidate is valid or invalid. The processor may also
determine that current trial has ended in response to determining that the trial has
timed out, or has been aborted, (e.g., by user input, or as a result of an event such as a
phone call). After the trial is complete, the processor may mark, designate, store or
reference data corresponding to the completed trial as a “previous trial.” For example,
the processor may generate a “previous trial” information structure, populate the
“previous trial” information structure with the data collected during the (now

completed) trial.

[0110] In some embodiments, consecutive trials may be managed together in sets, or
“sessions”; for example, a session may consist of three consecutive trials, with the
session’s result being a “best of three” result. In some embodiments, trials and
sessions may be represented as (independent) data objects. In some embodiments, the
processor may store and increment a “trial count” value. The processor may reset the
trial count value at the beginning of a session and/or after a session times out. In some
embodiments, the beginning of a session may be based on the elapsed time since user
activity within the context of a trial. In some embodiments, the number of trials and
or sessions may be limited by a maximum number for a given time interval (e.g., 1

session per day).

[0111] Returning to FIG. 3, in block 312, the processor may continue monitoring
acoustic inputs and recording relevant time and/or frequency-domain data. In
determination block 314, the processor may determine whether the whistle-sound
candidate has reached completion or timed out. For example, in determination block
314, the processor may compare a time value (e.g., maximum candidate time, etc.)
associated with the whistle-sound candidate to a threshold value, determine whether

the time value exceeds (e.g., i1s greater than or equal to, is less than, etc.) the threshold
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value, and determine that the whistle-sound candidate has reached completion or has

timed out in response to determining that the time value exceeds the threshold value.

[0112] Inresponse to determining that a whistle-sound candidate has reached
completion or timed out (i.e., determination block 314 = “Yes”), in block 316, the
processor may note/mark the end of a whistle-sound candidate with respect to the
trial’s time and frequency-domain data (e.g., data recorded in block 306, etc.), and

generate a corresponding cessation value for the whistle-sound candidate.

[0113] Thus, after the operations in block 316, the processor has computed,
determined and/or stored in memory both an onset value and a cessation value. As
mentioned above, the onset value may be a numerical value that identifies the
beginning of the whistle-sound candidate. Similarly, the cessation value may be a
numerical value that identifies the end of the whistle-sound candidate. In some
embodiments, the processor may also determine or compute a whistle-sound candidate
duration value. The whistle-sound candidate duration value may be a numerical value
that identifies the difference between the cessation value and the onset value, or the

length of the whistle-sound candidate.

[0114] In determination block 318, the processor may determine whether the whistle-
sound candidate represents a valid whistle sound or otherwise complies with various
requirements of a “whistle-sound candidate.” In some embodiments, this may be
accomplished by computing or determining a whistle-sound candidate duration value
(e.g., difference between the whistle-sound candidate cessation and onset values),
identifying collected or stored time and frequency-domain acoustic data that
corresponds to the determined whistle-sound candidate duration value (e.g., data
recorded within the duration of the whistle-sound candidate, etc.), and examining,
evaluating or analyzing the identified data to determine whether the whistle-sound
candidate represents a valid whistle sound. In some embodiments, parameters derived
from the whistle-sound candidate may be compared to a parametric model
representing a valid whistle sound candidate. For example, a parameter of “whistle
duration” may be derived from the difference between the whistle-sound candidate

cessation and onset time values, and subsequently compared against a model’s range
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of acceptable whistle durations. If the actual derived whistle duration does not fit
within the model’s range of acceptable whistle durations, the processor may determine

that whistle-sound candidate is invalid.

[0115] In various embodiments, the processor may use any of a range of models and
approaches to comparison. In some embodiments, a model for a valid whistle
candidate may incorporate not only a parameter for whistle duration, but also a
relative ratio between a) the average magnitude of pre-onset samples, and b) the
average magnitude of samples corresponding to an interval between onset and
cessation. In some embodiments, comparison between a whistle-sound candidate and
a parametric model may require that some percentage of parameters match the model.
In some embodiments, a determination of validity in block 318 may be made in whole
or in part based on inexplicit or hidden models or parameters. For example, an
artificial neural network trained on a data-set comprising valid and invalid whistle
sounds may be employed to classify or support classification of a given whistle-sound
candidate as valid or invalid, without relying on an explicit model of a valid whistle

sound.

[0116] Inresponse to determining that the whistle-sound candidate represents a valid
whistle sound (i.e., determination block 318 = “Yes”), in block 320, the processor may
map a frequency value derived from a whistle sound to an airflow rate, based on the
whistle’s characteristic relationship, or correlation, between airflow rate and
frequency. The whistle’s characteristic relationship (correlation) between airflow rate
and frequency may be determined previous to, and outside of, the performance of
method 300 (i.e. the correlation may be a pre-determined). The correlation may be
stored in memory as a look-up table, array, vector, map, slope coefficient of a linear

equation, a set of polynomial coefficients for a polynomial equation, etc.

[0117] In one or more embodiments, multiple pre-determined correlations between
airflow rate and frequency, each corresponding to a different type or model of whistle,
may be stored in memory, so as to support airflow measurement from more than one
type of whistle (since each type of whistle may have its own characteristic correlation

between airflow rate and frequency). In one or more embodiments, the mobile device
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may receive an identifier for a whistle (e.g. a serial number of the whistle manually
entered by the user via a keypad, a menu entry corresponding to a type of whistle
manually selected by the user via a touchscreen, a bar code on the whistle read by the
mobile device, etc.) and determine, based on this identifier, which correlation (from
among a set of stored, pre-determined correlations) is the appropriate correlation to
use for the whistle. In this way, alternate models or types of whistles may be

accommodated.

[0118] In some embodiments, once a frequency has been mapped to airflow rate
within block 320 this airflow rate, or “airflow rate measurement” may be stored in
memory. In some embodiments, data required to reconstruct the airflow rate
measurement (e.g., a frequency, in conjunction with a known correlation between
frequency and airflow rate that enables mapping frequency to airflow rate) may also
or alternately be stored in memory. Also in block 320, the processor may use the
airflow rate measurements to derive, determine or compute key respiratory metrics or
parameters such as PEFR and FEV/, and store the key respiratory metrics or

parameters in memory.

[0119] In block 322, the processor may generate results (e.g. spirometric
information) for the trial (which may include, or be based on, the key respiratory
metrics or parameters determined in block 320). Also in block 322, the processor may
make the generated trial results accessible to other entities. For example, the
processor may make the trial results available to the user by causing the device (or
another device) to render the results on its electronic display. The processor may also
make the trial results available to the operating system, another software
process/application operating on the hand-held mobile electronic device, to another
mobile device, etc., whereby spirometric information may be rendered on the other
mobile device. Thus, in an embodiment, the processor may render the trial results by
sending the results to another component or device that receives and displays the trial

results (e.g., via its electronic display, etc.).

[0120] As discussed above, in determination block 308, the processor may use the

collected/recorded data (e.g., time and frequency-domain acoustic data) to determine
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whether a whistle-sound candidate has begun. In response to determining that a
whistle-sound candidate has not yet begun (i.e., determination block 308 = “No”), in
determination block 324, the processor may determine whether the current trial has
continued for longer than a certain maximum allowed duration. For example, in
determination block 324, the processor may determine whether a time value that
identifies the elapsed duration of the current trial exceeds a “maximum allowed trial
duration” threshold value. The processor may determine that the trial has continued
for longer than the certain maximum allowed duration when the time value exceeds

the “maximum allowed trial duration” threshold value.

[0121] Inresponse to determining that the trial has not continued for longer than the
maximum allowed duration (i.e., determination block 324 = “No”), the processor may
perform the operations in block 308 and determine whether another or different
whistle-sound candidate has begun (e.g., based on additional monitoring of acoustic

nputs, etc.).

[0122] In response to determining that the trial has continued for longer than the
maximum allowed duration (i.e., determination block 324 = ““Yes”), in block 326, the
processor may communicate to the user (e.g., by causing the hand-held mobile
electronic device to display a prompt, etc.) that the trial has timed out before the onset
of any whistle-sound candidate has been identified. In some embodiments, the
processor may also be configured to provide the user with other feedback of a

corrective, instructional, and/or motivational nature in block 326.

[0123] As mentioned above, in determination block 314 the processor may determine
whether the whistle-sound candidate has reached completion or timed out. In
response to determining that a whistle-sound candidate has not reached completion or
timed out (i.e., determination block 314 = “No”), the processor may determine
whether a whistle-sound candidate has continued for longer than a certain maximum
allowed duration (e.g., .2 seconds, .5 seconds, 3 seconds, 5 seconds, 10 seconds, etc.)
in determination block 328. For example, in determination block 328, the processor
may compare a time value that identifies the duration that the whistle-sound candidate

has continued (or the difference between the onset and cessation values, difference
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between the current time and a time when the whistle-sound candidate began, etc.) to
a maximum allowed whistle-sound candidate duration value, and determine whether
whistle-sound candidate has continued for longer than a certain maximum allowed

duration based on the comparison results.

[0124] In response to determining that the whistle-sound candidate has not continued
for longer than a certain maximum allowed duration (i.e., determination block 328 =
“No”), the processor may return to performing the operations in block 314 to again

determine whether a whistle-sound candidate has reached completion or timed out.

[0125] Inresponse to determining that the whistle-sound candidate has continued for
longer than a certain maximum allowed duration (i.e., determination block 328 =
Yes”), in block 330, the processor may communicate to the user (e.g., via displaying a
notification message, etc.) that the trial has timed out after the onset of a potentially
valid whistle-sound. The processor may also provide the user with relevant feedback

of a corrective, instructional, and/or motivational nature in block 330.

[0126] In response to determining that the whistle-sound candidate does not represent
a valid whistle sound (i.e., determination block 318 = “No”), in block 332, the

processor may communicate to the user that the whistle candidate is not valid.

[0127] FIGs. 4 through 6 illustrate various views of the whistle 104 illustrated in
FIG. 2A. FIGs. 7 through 9 illustrate various views of the whistle 104 illustrated in
FIG. 2B. For example, FIG. 5 illustrates a top view of the whistle illustrated in FIG.
2A. FIG. 5 also indicates the cross section for the sectional side view illustrated in

FIG. 6.

[0128] FIG. 6 illustrates the rounded front face of airflow guide’s center 204B and

front face of an airflow guide’s vane 204C.

[0129] FIGs. 7 and 8 illustrate that the whistle 104 may include mouthpiece 206A
having ergonomic form. FIGs. 7 and 8 also illustrate the flaring of horn region 206B

the whistle 104.
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[0130] FIG. 9 illustrates the vanes of the airflow guide 204 — such as one vane
referenced by 204C. The front of the central portion of the airflow 204 guide 1s
referenced by 204B. The airflow guide’s vanes 204C and central portion 204B,
together with the inner wall of main tube 206, define a set of airflow passageways that

wind around the central axis of the whistle’s central cavity.

[0131] FIG. 10 depicts the characteristic relationship between airflow rate and
acoustic frequency for one prototype whistle similar to the whistle depicted in Figure
2B. The relationship is experimentally derived from recorded acoustic and airflow rate
data. Acoustic data may be sampled at 44.1kHz, using a fast Fourier transform (FFT)
of size 1024. Given this sampling rate and FFT size, the FFT frequency bin width is
approximately 43Hz. The presence of multiple data points at periodic acoustic
frequency intervals is due to FFT frequency bin-width quantization. Airflow rate may
be measured at a sampling rate of 83Hz using a factory-calibrated differential-pressure
pneumotachograph. The precision of the pneumotachograph measurements may be

within £5L/min.

[0132] Notably, whistle frequency for this embodiment remains comfortably within
an audible range. The experimentally derived relationship between airflow rate and
acoustic frequency is close to linear, and can be approximated by a second-order

polynomial with R* = .99866.

[0133] FIG. 11 illustrates an alternate system for capturing, recording, and
intelligently utilizing a user’s expiratory measurements in accordance with various
embodiments. Similar to example illustrated in FIG. 1, FIG. 11 depicts a user 102
blowing through a whistle 104 towards a hand-held mobile electronic device 108.
However, in the example illustrated in FIG. 11 the whistle 104 includes a horn-shaped

exterior, which is pointed towards the hand-held mobile electronic device 108.

[0134] An exemplary operation of spirometric measurement system according to an
embodiment will now be described with reference to the figures described above (e.g.,

FIGs. 2B and 11).

[0135] Scenario 1: A Successful Measurement Trial
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[0136] The user may initiate a measurement trial by causing a hand-held mobile
electronic device (or a component or client software application operating on the
device) to commence performing method 300 (described above with reference to FIG.
3). The user may express his or her intention to begin a new measurement trial by
pressing a button on the hand-held mobile electronic device. In response, the hand-
held mobile electronic device may prompt the user to blow the whistle (e.g., the
whistle 104 illustrated in FIG. 2B, etc.). After displaying the prompt, the hand-held
mobile electronic device may begin to monitor and record acoustic input. This may
be accomplished by capturing and storing sound waves via its microphone and/or

performing any or all of the operations discussed above with reference to block 306.

[0137] The user 102 may exhale forcibly through the inlet of the whistle, generating
an airflow that is channeled by the airflow guide (or vanes, transitional surface
between inlet and central cavity, etc.) and through one or more airflow passageways
formed by the airflow guide and the inner wall of main tube. As expiratory airflow
passes through the one or more airflow passageways, a vortex may be generated
within the whistle’s central cavity. This vortex may pass through the remaining

stages/portions of the whistle, exiting through the whistle’s outlet.

[0138] As the vortex exits the outlet of the whistle, it may begin to whip around the
outlet tube’s central axis with an angular velocity that is comparable to its rotational
velocity, thereby generating the whistle’s characteristic sound. The hand-held mobile
electronic device may detect, capture and record this sound. In some embodiments,
the whistle may be configured such that it produces a specific sound having specific
frequency characteristics, and the hand-held mobile electronic device may configured
to monitor for the presence of these specific sounds or frequencies. For example, the
hand-held mobile electronic device may be configured to initiate the measurement
trial only in response to detecting the presence of specific sounds or waves/inputs

having specific characteristics (e.g., a specific frequency range, etc.).

[0139] Next, the hand-held mobile electronic device may identify the onset of a
“whistle-sound candidate” — a sound that may ultimately be determined by the device

to be a valid whistle-sound. The hand-held mobile electronic device may mark the
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onset of the whistle-sound candidate within the trial data while continuing to monitor

and record acoustic input.

[0140] As the user’s forced exhalation finishes, the whistle’s sound subsides. The
hand-held mobile electronic device may identify the end of the whistle-sound
candidate, and mark the end of this whistle-sound candidate within recorded acoustic
data. Based on data recorded between the start and end of the whistle-sound
candidate, the hand-held mobile electronic device may determine that the whistle-
sound candidate represents a valid whistle-sound. The hand-held mobile electronic
device may use the whistle-sound’s acoustic frequency data — in conjunction with the
whistle-device’s characteristic relationship between airflow-rate and frequency — to
derive measurements for PEFR and FEV,. The hand-held mobile electronic device
may subsequently make these results available to entities outside the current

component, application and/or device.

[0141] Once the results have been made available to the user and other applications
running on the device, these results can be made available to remote digital devices
and services on one or more of the mobile device’s network(s) for the purposes of
informing family members and physicians, and maintaining a secure and accessible

record of completed trials.
[0142] Scenario 2: A Trial Times Out Before A Whistle-Sound Candidate has Begun

[0143] In the event that a user initiates a trial (e.g., the device commences performing
method 300), but the hand-held mobile electronic device does not identify the onset of
a whistle-sound candidate within a maximum time period, the trial times out. After
timing out, the device communicates to the user that the trial has timed out. The
device may then offer or present to the user relevant recommendations on how to

avoid timing out during future trials.
[0144] Scenario 3: A Trial Times Out After A Whistle-Sound Candidate Has Begun

[0145] In the event that the hand-held mobile electronic device identifies the onset of

a whistle-sound candidate, but does not identify cessation of the whistle-sound
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candidate within a certain maximum allowable duration, the trial times out. After
timing out, the device communicates to the user that it has timed out, and offers

relevant recommendations on how to avoid timing out during future trials.
[0146] Scenario 4: A Whistle-Sound Candidate 1s Determined Invalid

[0147] In the event that the hand-held mobile electronic device identifies the onset
and cessation of a whistle-sound candidate, the hand-held mobile electronic device
determines whether or not the candidate represents a valid whistle-sound. If the data
for the candidate does not meet criteria required for a valid whistle-sound, the hand-
held mobile electronic device may offer or present to the user relevant
recommendations for how to improve the chances of completing successful trials in

the future.

[0148] Details of embodiments of the present invention may vary considerably
without departing from the basic principle of the present invention. For instance, the

whistle could take a different form.

[0149] In some embodiments, the whistle may include a medicine dosage dispenser.
This combined whistle-dispenser may reduce the total number of asthma

management-related items a patient must carry on his or her person.

[0150] FIGs. 12A and 12B illustrate an example combined whistle-dispenser 1200
that 1s suitable for use with the various embodiments. FIG. 12A illustrates the
combined whistle-dispenser 1200 includes a housing 1202, a recess for holding a
standard medicine container 1204, a whistle 1206 similar to the previously discussed
whistle depicted in FIG. 2A, and mouthpiece 1208. The combination whistle-
dispenser 1200 may further include a delivery channel 1210 for medication that
connects the medicine container’s nozzle 1212 with the whistle-dispenser’s
mouthpiece 1208. FIG. 12B also illustrates that airflow 1216 entering the mouthpiece
1208 may pass through the whistle 1206 and out an airflow outlet 1214, generating a

sound that s suitable for capture and use in accordance with the various embodiments.
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[0151] When the medicine container 1204 is pushed into its recess, a dosage of
medicine is dispensed through the whistle-dispenser’s mouthpiece 1208. When a user
exhales forcefully through the whistle-dispenser’s mouthpiece 1208, all expiratory
airflow passing through the mouthpiece 1208 passes through the whistle 1206, which

contributes to the generation of sound.

[0152] FIG. 13 displays a perspective view of another whistle 1300 that is suitable
for use with the various embodiments. FIG. 14 depicts a front view of the whistle
1300 illustrated by FIG. 13, and serves to highlight the whistle’s lateral symmetry in

this embodiment.

[0153] With reference to FIGs. 13 and 14, the whistle 1300 may include an inlet 202,
an inlet tube 1304, an inlet tube partition 1306, a main tube 206, a first airflow
constrictor ring 208 A, a second airflow constrictor ring 208B, a first outlet tube 210A,
a second outlet tube 210B, a first outlet 212A, and a second outlet 212B. The whistle
1300 may also include an airflow guide in the form of a smoothly transitional surface
and/or a transition between the inner upper wall of the inlet tube 1304 and the inner

wall of main tube 206 that guides expiratory airflow from inlet tube 1304 into main

tube 206.

[0154] The whistle 1300 has one inlet 202 and two outlets 212 (only the first outlet
212A 1s visible in FIG. 13). Situated between inlet 202 and outlets 212A and 212B,
there is an inlet tube (or mouthpiece) 1304, leading to a main tube 206, having a
cylindrical cavity. An inlet tube partition 1306 bisects the inlet tube 1304. A pair of
airflow constrictor rings 208A and 208B serve to create a transition between the
larger-diameter hollow main tube 206 and the smaller-diameter outlet tubes (i.e., first
outlet 212A and second outlet 212B). The airflow constrictor rings 208 A and 208B,
in conjunction with the wall of the main tube 206, further serve as a barrier, creating a
minimum spacing between the whistle outlet tubes 210A and 210B and the user’s
hand (and/or the device’s microphone) from at least one direction of approach. The
whistle’s outlets 212A and 212B and constrictor rings 208 A and 208B may be

symmetric about the inlet tube’s partition 1306, and thus share a common central axis.

43



WO 2017/049034 PCT/US2016/052058

[0155] FIG. 15 illustrates a top view of the whistle shown in FIG. 13, and indicates

cross sections for the sectional views illustrated by FIGs. 16 and 17.

[0156] FIG. 16 illustrates a cross-sectional side view of the whistle shown in FIG. 13.
From FIG. 14, the shape of the inlet tube partition 1306 can be observed.

[0157] FIG. 17 depicts a cross-sectional side view of the whistle shown in FIG. 13,
and illustrates how the (partitioned) passageway of the inlet tube 1304 intersects with
the central cavity of the main tube 206. Notably, the transition 1702 between the
inner upper wall of the inlet tube 1304 and the inner wall of main tube 206 1s
smoothly continuous, presenting no angular bend or surface discontinuities in the face

of incoming airflow.

[0158] An exemplary operation of spirometric measurement system using a whistle,
such as the whistle as shown in FIGs. 13-17 will now be described. It will be
understood that a whistle as shown in FIGs. 13-17 may have a characteristic
relationship between airflow rate and acoustic frequency, similar to the relationship
shown in FIG. 10 and may be used in conjunction with the performance of method

300 illustrated in FIG. 3.

[0159] With reference to FIGs. 13-17, when a user exhales forcibly through the
whistle, expiratory airflow passes through inlet tube 1304, guided by the inlet tube’s
walls and inlet tube partition 1306, and into the central cavity of main tube 206. The
inlet tube partition 1306 encourages laminar flow through the inlet tube 1304, while
the continuous, seamless transition between the inner wall of the main tube 206 the
upper inner wall of the inlet tube 1304 prevents undesirable turbulence (which could
increase airflow resistance and degrade acoustic signal quality) as airflow enters the

central cavity.

[0160] As expiratory airflow passes from inlet tube 1304 into main tube 206, the
continuous surface of the inner wall of the main tube 206 may guide airflow into a
swirling vortex within the central cavity of the main tube 206. This vortex may exit
the whistle through the two outlet tubes 210A and 210B. As the vortex exits outlet

tubes 210A and 210B, it may begin to whip around their common central axis with an
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angular velocity comparable to the rotational velocity of the vortex, thus generating

auditory emissions.

[0161] The lateral symmetry and right-angle inlet/outlets geometry of this whistle
design support, allow, or enable a user to hear the whistle clearly, in full stereo, 1.e.,
with each ear equidistant from one of the outlets. Additionally, the right-angle
geometry decreases the chances that the microphone of a mobile device will be held
too close to an outlet — an orientation that may in some situations compromise signal

transmission between whistle and mobile device.

[0162] FIGs. 18-21 illustrate another example whistle that 1s suitable for use with the
various embodiments. To reduce manufacturing cost and complexity, this whistle
variation 1s composed of just two parts or components: a first, or top portion 220, and

a second, or bottom portion 221.

[0163] This whistle variation incorporates an upward-facing outlet 212 with potential
advantages including: a) directing auditory feedback to both ears of a user, b) enabling
tactile feedback (i.e., wind and heat from a user’s expiration) to be sensed by a user’s
hands or face, and c) decreasing the chances that a mobile device will be held too
close to the outlet of the whistle (which may in some situations compromise acoustic

signal transmission between a whistle and a mobile device).

[0164] This whistle variation further incorporates a horn-shaped “false” outlet (220E
and 221E), to support a user’s perception of blowing/aiming “straight through” the
whistle at a mobile device, independent from of the actual direction of airflow as it
exits the whistle. The horn-shaped false outlet additionally clarifies for the user which
end of the whistle to blow through, and which end of the whistle may be aimed at the
mobile device. The geometry of the first and second components (e.g., top portion
220 and bottom portion 221), particularly the false outlet (220E and 221E), further
acts as a barrier, creating a minimum spacing from at least one direction of approach,
between outlet 212 and the microphone of the mobile digital device while the whistle

18 1n use.
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[0165] Additionally, the whistle embodiment of FIG. 18 depicts a grip region 1802
that 1s shaped to facilitate a user holding the whistle securely and to clarify where and

how to hold the whistle.

[0166] FIG. 19 displays a side view of the whistle shown in FIG. 16, and indicates

the cross sections for the sectional views illustrated by FIGs. 18 and 19.

[0167] FIGs. 20 and 21 are sectional bottom and top views of the whistle shown in
FIG. 18 that together illustrate the whistle’s initial airflow passageways. Inlet
passageway region (220A/221A) allows for a comfortable, ergonomic seal with a
user’s lips, accepts a user’s expiratory airflow, and directs airflow to the perimeter of
the cavity circumscribed by main chamber region sidewall (220B/221B). As with the
whistle variation illustrated in FIGs. 13-17, the transitional surface from inlet
passageway wall to main chamber sidewall (main tube wall in FIGs. 11-15) that
guides airflow from inlet into main chamber is smoothly continuous, with advantages
of eliminating unwanted turbulence, reducing airflow resistance and contributing to a

clear acoustic signal.

[0168] While the main chamber sidewall of this variation follows a circular path, it
can be noted that other whistle variations within the scope of this invention may
include sidewalls that follow alternately-shaped paths, some of them continuously
variable. For example, a logarithmic curve path, such as those employed in volute-

style water pumps and compressors.

[0169] An exemplary operation of spirometric measurement system using a whistle
as shown in FIGs. 18-21 will now be described. It will be understood that a whistle as
shown in FIGs. 18-21 may have a characteristic relationship between airflow rate and
acoustic frequency similar to the relationship shown in FIG. 10 and may be used in

conjunction with a software process such as illustrated by FIG. 3.

[0170] When a user exhales forcibly through the whistle illustrated by FIGs. 18-21,
expiratory airflow may pass through inlet passageway region 220A/221A. This
gradually tapered passageway may direct a user’s expiratory airflow toward the

perimeter of the cylindrical cavity circumscribed by 220B/221B.
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[0171] Expiratory airflow may be guided by the smoothly continuous transition
surface from 220A/221A’s outer wall to 220B/221B, and may subsequently be guided
by the walls of 220B/221B into a swirling vortex within 220B/221B*s central
cylindrical cavity; a vortex that may exit the whistle through outlet tube region 220D.
As the swirling vortex exits outlet 212, it may begin to whip around the central axis of
220D with an angular velocity comparable to the rotational velocity of the vortex, thus

generating the whistle’s characteristic sound.

[0172] It can be readily appreciated to one skilled in the art that this whistle variation
may be employed in place of other whistle variations, without departing from the
basic principle of the present invention, to arrive at alternate embodiments of the

invention as a whole.

[0173] Details of embodiments of the present invention may vary considerably
without departing from the basic principle of the present invention. Further
refinements made for engineering, industrial design, interaction design,
manufacturability and standards-conformance purposes, for example, may change
proportions, dimensions, time-out durations, orientations, and numerous other

characteristics.

[0174] Within the whistle depicted in FIGs. 2B, 4, 5 and 6, for example, the number,
angle, curvature and shape of its airflow guide’s vanes 204C may change. Instead of,
or in conjunction with vanes 204C, holes may be employed to guide airflow. The
whistle aspect of one or more embodiment may comprise a fluidic oscillator with a
frequency, such as a pulse frequency, that varies with airflow rate, instead of, or in

conjunction with, a whistle operating on the principle of a vortex whistle.

[0175] Within the simplified sectional side view of the whistle depicted in FIG. 22 (a
variation on the sectional side view of the similar whistle shown in FIG. 13), the wall
for main tube 206 is non-cylindrical; it follows a non-circular path of continuously
variable radius that directs airflow into a vortex efficiently, reducing resistance to

flow and improving acoustic emissions by reducing undesirable turbulence.
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[0176] Similarly, within the simplified whistle sectional bottom view depicted in
FIG. 23 (a variation on the sectional bottom view of the similar whistle shown in FIG.
20), the main chamber region side-wall (220B/221B) is also non-cylindrical, and
follows a path of continuously variable radius which directs airflow into a vortex
efficiently, reducing resistance to flow and improving acoustic emissions by reducing

undesirable turbulence.

[0177] FIG. 24 illustrates a method 2400 for performing spirometric measurements
and capturing, recording, and intelligently utilizing a user’s expiratory measurements
in accordance with an embodiment. Similar to the method illustrated and discussed
above with reference to FIG. 3, the method 2400 may be performed by one or more of
the processors in the hand-held mobile electronic device 108, or performed by one or
more of the processors in the hand-held mobile electronic device in cooperation with

an external networked processor (e.g. “cloud” computing resource).

[0178] In block 2402, a processor in a hand-held mobile electronic device may
monitor and/or collect/record the acoustic environment using a microphone of the
hand-held mobile electronic device to determine a baseline acoustic context used for
measuring a whistle signal produced by a whistle with the spirometric measurement
capabilities. The baseline acoustic context may be an information structure that
includes one or more data files, variables, and/or information structures. The
processor may employ any combination of the techniques described in the application
to determine or generate the baseline acoustic context. Further, the processor may
collect and establish acoustic information regarding the baseline acoustic context in
various ways, and the collecting of information may occur before, after, in-between,

continuously, and/or concurrent to the recording operations of block 2404.

[0179] In some embodiments, a range of features may potentially be identified,
tracked and evaluated during generation/definition of a baseline acoustic context.
These features may include features of known acoustic information of the whistle, use
of the whistle by the user, acoustic environment, recording device features (e.g.
hardware and/or software microphone gain), etc. In some embodiments, the acoustic

information may include information and values that identify: mean, median and
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maximum acoustic amplitude, the absolute value of the mean, median, and/or
maximum acoustic amplitude, a spectral envelope, a noise threshold, dominant
spectral peaks, a frequency centroid, a normalized low-frequency energy ratio, and
periods of regular periodic alternating silence and noise. In an embodiment, the
baseline acoustic context may be defined to track maximum acoustic amplitude for a
period of time. The processor may use this maximum acoustic amplitude as a
threshold for distinguishing periods of silence from whistle candidates. In some
embodiments, the baseline acoustic context may include variations of the acoustic
information based on knowledge of the atmospheric pressure at the mobile device.
For example, historical use of the whistle may establish a baseline use at certain
frequencies for the user and/or atmospheric pressure at the time of the baseline
establishment. In some embodiments, the baseline acoustic context may be defined by
a user’s capability to generate the above acoustic information, such as certain

frequencies over a period of time.

[0180] In some embodiments, acoustic environment includes acoustic sounds,
representations of acoustic sounds, or features of acoustic sounds (e.g. spectral
distributions, noise levels, etc.) present within the environment surrounding the
mobile device, as well as various deviations to acoustic sounds based on
environmental knowledge. For example, various environments may include known
(e.g., grandfather clock chimes, sirens, etc.) or louder background noises (e.g., parties,
music, etc.). In other examples, the various environments may include known
deviations to acoustic signals such as echoes (e.g., in a large concert hall) or

atmospheric pressure changes (e.g., inclement weather).

[0181] In some embodiments, the recording device features may include explicit or
implicit assumptions about the mobile device’s audio subsystem (e.g., hardware or
software microphone gain, sensitivity, distortion, clipping point, noise level, etc.) and
or context of use (e.g., further capabilities of the microphone of the mobile device).
For example, known distortions could be accounted for in recorded samples by

removing such distortions.
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[0182] Returning to FIG. 24, in block 2404, the processor may record or collect
samples of the acoustic environment of the hand-held mobile electronic device. The
initiation of the recording of these samples may be based on determination by the
processor, detected/received user inputs, and/or other identification of an initiation by
the processor. Such other identifications may include receiving an identifier of the
whistle or user to initiate a sampling/trial, determining the user has blown the whistle,
a tapping of the whistle to the mobile device, the user pressing a button on the whistle,

the retracting of the mouthpiece cover of the whistle, etc.

[0183] In some embodiments, the baseline acoustic context of block 2402 may be
established before a whistle candidate (or collected/recorded samples) has begun. In
some embodiments, the baseline acoustic context of block 2402 may be established
after a whistle candidate, with an advantage that there is no need for a user to wait for
baseline establishment to complete before starting a trial (or recording of acoustic
samples). In some embodiments, the baseline acoustic context of block 2402 may be
established continuously or between trials, thus requiring more resources but
providing greater knowledge of baseline acoustic context. In some embodiments, the
baseline acoustic context of block 2402 may be established during the whistle
candidate, which may improve detection of {requency during the latter portion of a
whistle candidate, and/or detection of cessation at the end of a whistle candidate. In
some embodiments the recorded sample may require additional information from the
user or replacement. For example, if a sample has too much background noise, the
processor may prompt the user to replace such a sample and/or to provide further

information about the sound source(s) of background noises.

[0184] In block 2406, the processor may analyze the samples to determine a
frequency value for different acoustic signals included in the recorded samples. The
determined frequency value may vary for each of the various acoustic signals within

the samples.

[0185] In block 2408, the processor may use the recorded sample, the determined
frequencies from block 2406, and/or the baseline acoustic context to determine

whether various acoustic signals of the samples correspond to the whistle signal of a
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user performing an exhalation forcefully through the whistle. In some embodiments,
the processor may then set aside the various acoustic signals that do correspond to the
whistle signal and/or multiple whistle signals by comparing the frequency values and
the baseline acoustic context to valid whistle signal frequency values. In some
embodiments, these valid whistle signal frequency values may also be determined by
an identification of the whistle, which may aid in establishing a baseline acoustic

context through knowledge of the whistle features/capabilities.

[0186] In some embodiments, the acoustic signals of the recorded sample may
initially be filtered through validation by the processor. The validations may compare
the acoustic signals against parametric models. For example, the acoustic signal that
1s a whistle candidate might be accepted as valid if it is neither too short nor too long
in duration; in this case, the parametric model includes two duration thresholds. In
some embodiments, the validation may involve machine learning approaches, for
instance, training an artificial neural network (ANN) on a large set of predetermined
valid and invalid whistle candidates, then employing the trained network to assess the

validity, or contribute to the assessment of validity, of new whistle candidates.

[0187] In block 2410, the processor may determine an expiratory airflow rate value
of the user based on the frequency value of the acoustic signals. In some
embodiments, the determination of the expiratory airflow rate values is in response to
a determination that the acoustic signals are found to be corresponding to the whistle
signals. The processor may set aside acoustic signals and frequency values to
determine the user’s expiratory airflow rate value based on the correlated/set aside
acoustic signals because these set aside acoustic signals are known to have come from
the whistle. Since there 1s a characteristic relationship between airflow rate and
frequency of the whistle used in this method, the expiratory airflow rate value is then

found based on the frequency value.

[0188] In block 2412, the processor may determine a respiratory parameter of the
user based on the expiratory airflow rate value. Such parameters may include

respiratory metrics such as PEFR and FEV,. In some embodiments, the respiratory
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parameter is stored to allow users to identify and track emergency conditions which

then aid users in determining if a behavior may be affecting their respiratory health.

[0189] In block 2414, the processor may generate and render spirometric information
such as respiratory parameters. In some embodiments, the processor may render the
spirometric information in block 2414 via an electronic display of the mobile device.
In some embodiments, in block 2414, the processor may render the spirometric
information via the display of another device or component (for instance, a child
conducts a peak flow measurement trial through a mobile game, and resulting
spirometric information is sent to a parent for display via a web, mobile or email
client, etc.). Thus, in some embodiments, the processor may render the generated
spirometric information by transmitting the information to another device for display.
The spirometric information may be generated based on the recorded samples, the
determined frequency values, the determined expiratory airflow rate value and/or the
determined respiratory parameter. Such spirometric information may provide concise
graphical reports designed to facilitate quick, sound interpretation and effective
medical treatment decisions. In some embodiments, the rendered spirometric
information may include only information for key representations of select
values/parameters that are determined to be important to the user (e.g., acute health
issues). In other embodiments, the rendered spirometric information may be
representative of holistic views of the user’s respiratory condition. For example, the
information may provide an easily understood visualization of the user’s stored
respiratory data to provide a more efficient understanding of potential behavioral
patterns resulting in respiratory issues or information regarding acute respiratory
issues. In one or more embodiments, the rendering of generated spirometric
information may comprise the rendering of textual results (e.g. a peak flow reading
presented as a number, the text “measurement successful” etc.). In one or more
embodiments, the rendering of generated spirometric information may comprise
presenting and/or altering graphical, auditory or haptic representations. For example,
spirometric information (e.g. the magnitude of an expiratory airflow rate, the result of
a peak flow measurement, an FEV1 value, the best of a series of peak flow

measurements, the success/failure of a spirometric trial, whether or not a certain
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minimum/select/required number of spirometric trials has successfully been
completed, whether or not a respiratory maneuver has been received by the mobile
device, the approximate physical location of a spirometric measurement, etc.) may be
presented through graphical visualizations, screen transitions, or as events situated

within a game or story context that is presented by the mobile device.

[0190] FIGs. 25 and 26 depict an embodiment of the whistle with a retractable
mouthpiece cover 250 having a grip region 250A. In FIG. 25, the cover is extended,
shielding mouthpiece 206A, while in FIG. 26, the cover is retracted, revealing
mouthpiece 206A. When the cover is in its retracted state (in FIG. 26), mouthpiece
206A 1s accessible to a user’s lips, while grip region 250A is positioned near the
center of the whistle, enabling the user to hold the whistle manually in a balanced
way; with an even weight distribution. In the whistle embodiment of FIGs. 25 and 26,
the grip region is part of the mouthpiece cover; in some alternate whistle

embodiments, the grip region is not part of the mouthpiece cover.

[0191] An integrated or detachable cap could cover the inlet region of some
alternative variations of the whistle, to keep the inlet region clean. The action of
capping the inlet could be designed so as to have the effect of wiping the inlet region
clean. The outlet tube could be designed to “collapse” into the main tube when the

whistle is not in use, in order to support a solution that is more compact.

[0192] According to one or more alternate embodiments of the invention, the
external form of some variations of the whistle could resemble brass or woodwind
musical instruments. For example, FIG. 11 depicts a user 102 blowing through horn-
shaped whistle 104 towards a hand-held mobile electronic device 108, thereby
recasting the task of routine peak flow measurement in terms of a potentially more
enjoyable performance-like activity. The external form of some variations of the
whistle could resemble characters, such as animals, with an advantage of making the

whistle more inviting to children.

[0193] Alternative variations of the whistle could incorporate an identification code

that, when submitted to a specified information service via a mobile device, returns a
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message validating a whistle’s authenticity — to discourage counterfeiting, and thereby

promote safety and reliability.

[0194] Just as the present invention’s scope permits extensive variation of the
whistle, it also permits extensive variation of the software process. Alternative
variations of the software process could execute remotely, on a networked resource
such as 105 with access to data from a mobile digital device, or in distributed fashion:
partially on the mobile device, and partially over a network to which the mobile

device connects.

[0195] Instead of monitoring for one and only one whistle sound (as outlined in FIG.
3), alternate implementations of the software process could monitor continually for the

occurrence of whistle-sound candidates.

[0196] Alternate variations of the software process could be structured such that the
recording of acoustic data occurs within an interrupt service routine or a separate

software thread, rather than in a single main routine as FIG. 3 depicts.

[0197] Still other variations of the software process could provide the user with real-

time interactive feedback while the user is blowing through the whistle.

[0198] Such alternate embodiments of the present invention’s whistle and software
process are offered as examples to illustrate breadth of scope; numerous substitutions

and variations are possible without altering the basic premise of the invention.

[0199] From the previous description, a number of advantages of one or more

embodiments of the present invention become evident:

[0200] Embodiments of the present invention enable leveraging the prodigious
capabilities of prevalent hand-held mobile electronic devices equipped with acoustic
input (such as mobile phones, personal digital assistants, mobile gaming platforms and
tablets), while simultaneously simplifying requirements for — and reducing the cost of

— a dedicated portable spirometry appliance.
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[0201] Embodiments of the present invention render respiratory measurements
digitally accessible to hand-held mobile electronic devices in a manner that 1s
wireless, requires no electric power for signal transmission, and requires no wireless

network configuration.

[0202] Whistle variations within more than an embodiment of the present invention
intrinsically provide a user with real-time audio feedback that can serve to motivate
the user to give his or her best effort, and thus indirectly contribute to the accuracy of

spirometric measurements.

[0203] Whistle variations within one or more embodiments of the present invention

are compact, highly portable, and contain no moving parts, electronics or batteries.

[0204] Because whistle variations within one or more embodiments of the present
invention can be made from a single non-toxic material and contain no electronics,
they can be manufactured using less energy and materials than alternate solutions, and

can be recycled more easily.

[0205] Because whistle variations within one or more embodiments of the present
invention can be manufactured from one non-toxic substance, they can be designed so
as not to put toxic substances in close proximity with the entranceways of a user’s

respiratory and digestive tracts.

[0206] Whistle variations within one or more embodiments of the present invention
can be designed to accommodate the frequency limitations of the microphones used in
hand-held mobile electronic devices, as well as the bandwidth limitations of some of
the wireless networks to which hand-held mobile electronic devices typically connect.
As a result, airflow measurements can be derived by variations of the software process
running locally on a hand-held mobile electronic device, as well as by variations of
the software process running remotely, on another device connected to a network to

which the hand-held mobile electronic device connects.

[0207] Whistle variations within one or more embodiments of the present invention

structurally support a user’s perception of blowing “straight through™ the whistle, at a
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mobile device (or at representations on a display of a mobile device). By supporting
this perception, the whistle variations assist a user to aim (and/or feel like they are
aiming) at a hand-held mobile electronic device, permit the user to easily view
interactive graphical feedback from the device, enable a user to feel more fully
immersed in game/entertainment-like activities/environments presented by the device,

and supports reliable communication between whistle and mobile digital device.

[0208] In contrast with some other spirometry solutions, embodiments of the present

invention require no frequent calibration.

[0209] Since whistle variations within embodiments of the present invention contain
no electronics, they can be cleaned with readily available aqueous solutions without

risk of damage.

[0210] Accordingly, the reader will see that at least an embodiment of the present
invention enables a more versatile expiratory measurement solution that is amenable
to improved communication, visualization, reminding, annotation, correlation and
motivation at less additional expense to a user, through leveraging the capabilities of
ubiquitous hand-held mobile electronic devices with acoustic input and networking
capabilities (such as mobile phones, personal digital assistants, mobile gaming
platforms, and tablets), while also distilling the requirements of a dedicated
spirometry device down to a simple whistle that requires no moving parts or

electronics to communicate flow measurements.

[0211] An aspect of one or more embodiments is the ability to leverage certain
advantageous aspects of hand-held mobile electronic devices, while simultaneously
simplifying requirements for a dedicated portable spirometry device. These
advantageous aspects include: Connectivity for inter-personal communications and
data transfer; reminding through audio, vibrotactile and graphical means; information
display through sophisticated graphical, audio and vibrotactile means; manual control
through buttons and/or touch screens; interactive feedback for motivational,
instructional, editorial, aesthetic and enjoyment purposes; data recording, processing

and storage; juxtaposition, combination and correlation of information from local and
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remote sources; configurability and extensibility in terms of the ability to download
and incorporate additional/alternate sounds, graphics, animations and software

applications.

[0212] An additional aspect of one or more embodiments is that, through
incorporation of the software process, the mobile digital device becomes more capable
and more appropriately responsive in human contexts of use. Compared with other
kinds of computer systems (such as desktops, servers, mainframes and appliances), a
mobile digital device has particularly constrained computational, power and display
resources, and its effective functioning is largely determined by of how well these
limited resources are marshaled for a task that a given user wants to perform at a given
time. In order for a mobile digital device to marshal its resources well for a particular
task that a particular user wants to perform at a particular time, the mobile digital
device must correctly sense and interpret what this task is that the user wants to
perform. By discriminating between different types of acoustic input (i.e., valid
measurement-related signals from a whistle vs. other signals) via the software process,
the mobile digital device is able to respond more appropriately to a user’s expressed
intentions, and as a direct result, use its limited resources--memory, processing and
power--more effectively for the task at hand. In a world where acoustic inputs to
mobile digital devices are increasingly utilized for control purposes, and not simply
the relaying of voice data, advances which enable a mobile digital device to
discriminate effectively between acoustic contexts and orient resources appropriately
are of considerable value. Thus, this aspect of one or more embodiments improves the

functioning of a mobile digital device.

[0213] Another aspect of one or more embodiments is the enabling of a spirometry
solution that does not require moving parts, electronics or batteries in order to
accomplish measurement, beyond what is already contained within the mobile device.
(Millions of people already own and carry such mobile devices for purposes
independent of spirometry). Since one or more variations of the whistle contain no
moving parts, electronics or batteries, they can be manufactured and recycled more

easily, cheaply and reliably than existing spirometers using fewer material and energy
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resources, can be manufactured from just one material, and can be made from
material(s) that do not place the entryway of a user’s respiratory and digestive tracts in

close proximity with toxins during use.

[0214] Suill another aspect of one or more embodiments i1s to make use of a whistle
that produces acoustic emissions with a frequency that varies with airflow rate, for the
purpose of communicating airflow-based measurements to a physically separate hand-
held mobile electronic device with a means of acoustic input, a device that is not

primarily designed for spirometry.

[0215] Yet another aspect of one or more embodiments is that the whistle’s design
minimizes resistance to airflow. In order for a whistle to successfully be used for
spirometric measurement, the whistle must not present undue resistance to a user’s
expiration. Otherwise, the whistle is restricting the respiratory system under
measurement, and the results will be inaccurate. While it is generally true that
measurement devices must minimally impact systems under measurement, the human
respiratory system is particularly sensitive in this regard. Within the domain of human
spirometric measurement, the measurement of peak expiratory flow is most affected
by the resistance of a measurement device, since it is at peak expiratory flow that
back-pressure resulting from the resistance of a measurement device tends to be
highest. Since resistance to airflow is a key consideration, international standards for
spirometric equipment such as ISO 23747:2007, ISO 23747:2009, and ISO
23747:2015 have explicitly provided limits for airflow resistance.

[0216] An aspect of minimizing resistance to airflow that is employed by one or
more embodiments is that the whistle includes an inlet passageway with a cross-
sectional area large enough so as not to unduly restrict a user’s expiratory airflow.
Airflow resistance through an open passageway is proportional to 1/radius® (according
to Hagen—Poiseuille's law) so even a small increase in the cross-sectional area of the
whistle’s inlet passageway (relative to some existing whistle designs) results in a large
reduction in airflow resistance, thereby improving or enabling measurement of human

peak expiratory flow.
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[0217] A further aspect of one or more embodiments is that the mobile device
comprises the physical elements necessary to support a whistle-based flow
measurement trial. One or more embodiments comprise an acoustic input capability
(such as an integrated microphone, an attached microphone, a wirelessly connected
microphone, or an audio transceiver). One or more embodiments comprise a local
memory storage capability (such as registers, RAM, ROM, EEPROM, and FLASH).
One or more embodiments comprise a local data processing capability (such as a
microcontroller, microprocessor, co-processor, GPU or ASIC). One or more
embodiments comprise at least one display. The display may be graphical, auditory or
haptic. The display 1s capable of presenting representations to the user. In the case of
a graphical display, such representations may include, for instance, numbers, letters,
words, bar graphs, regions of color, lines, or animated characters. In the case of an
auditory display, such representations may include tones, sound effects or synthesized
or spoken words. One or more embodiments comprise at least one input device, such
as a mechanical keypad, virtual keypad, resistive touch-screen, capacitive touch-
screen or wireless keyboard. One or more embodiments further comprise a wireless
networking capability (such as a Bluetooth, WiFi, or a cellular networking capability).
One or more embodiments further comprise a capability for sensing or obtaining
physical location (such as a GPS module, a means of sensing Bluetooth beacons, or a
network-based location service). One or more embodiments further comprise a means
of obtaining atmospheric pressure. This means could be direct, in the form of an
integrated pressure sensor, or indirect, comprised of a location-obtaining capability
used in conjunction with local or remote data that enables determining pressure from
location (for example, a wireless location service reports latitude and longitude, which
are used to derive elevation from map data, which, in turn, is used to produce an

estimate of local atmospheric pressure).

[0218] An additional aspect of one or more embodiments is that the mobile digital
device can communicate with a networked data resource. This networked data
resource has a storage capability. In one or more embodiments, the resource has a
processing capability. The networked data resource may be entirely centralized,

entirely distributed, or partially centralized and partially distributed. In one or more
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embodiments, the networked data resource has multiple sources of input. For
instance, it receives flow measurement related data from mobile digital devices, pollen
count from an online service, and current time from a remote time-server. In one or
more embodiments, the networked data resource can aggregate and or correlate data
comprising flow measurements, to support the revelation of trends across a

population, a region, or other axes of inquiry.

[0219] An additional aspect of one or more embodiments is that the whistle is
designed to produce a clear acoustic signal, so as to support reliable communication
between whistle and mobile digital device. Without a clear signal, background noise
present in real-world mobile usage environments will cause false readings that may
ultimately jeopardize human health. If the structure of a whistle discourages laminar
(i.e. uniform, non-turbulent) flow at certain stages, or presents through-flowing
airflow with surface discontinuities such as rough walls, angular transitions, holes,
recesses or exposed screw heads, turbulence 1s introduced that will ultimately
compromise the clarity of any acoustic signal emitted, while adding undesirable
resistance to airflow. In at least an embodiment, resistance to airflow 1s minimized
and acoustic signal clarity is increased through use of at least one substantially smooth
and continuous airflow passageway. In at least an embodiment, resistance to airflow
1s minimized and acoustic clarity increased through use of at least one airflow
passageway that does not place angular transition bends in the path of incoming
airflow. In at least an embodiment, the need for exposed screw heads, exposed screw
drive recesses or holes within the walls of airflow passageways is eliminated, with
advantages that resistance to airflow is minimized and acoustic signal clarity 1s
increased. In at least an embodiment, the whistle inlet passageway is sub-divided,
with an advantage that total airflow through the inlet passageway is more laminar in

aggregate.

[0220] An additional aspect of one or more embodiments is that the whistle’s design
balances the potentially competing concerns of: a) minimizing resistance to flow (so

as not to restrict a user’s peak expiratory airflow) and b) maximizing the clarity of a
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sufficiently loud emitted acoustic signal (so as to support reliable communication

between whistle and mobile digital device).

[0221] Another aspect of one or more embodiments is that the whistle’s structure
discourages or prevents a human user from holding the microphone of a mobile digital
device so close to the whistle’s outlet that signal communication between whistle and
mobile device is compromised by 1) “wind” from airflow exiting the whistle, or 2) the
amplitude “clipping” that can occur when a mobile device must process a signal
containing an amplitude that is too high to be represented by the mobile device’s
hardware or software. In both cases, signal reception suffers, and the quality of the
spirometric system is reduced. In at least an embodiment, the whistle includes a
barrier around the outlet with advantages including: a) preventing the user from
holding the microphone of the mobile device unduly close to the outlet of the whistle,
and b) preventing the user from touching or blocking an outlet of the whistle while the
whistle is in use. In at least an embodiment, the whistle includes at least one outlet,
positioned such that a user blowing through the whistle cannot easily view the screen
of the mobile device while holding the microphone of the mobile device unduly close

to the outlet of the whistle.

[0222] An additional aspect of at least an embodiment is that the whistle produces
acoustic emissions from multiple outlets — with several advantages. A whistle with
multiple outlets can a) reduce over-all resistance to expiratory airflow, b) extend the
range of airflow rates for which acoustic emissions are both audible and non-shrill, c)
increase the amplitude of an emitted acoustic signal at low expiratory airflow rates, d)
result in acoustic emissions occurring closer to each of a user’s two ears, where they
can be perceived more loudly, in “stereo”, and e) decrease the directionality of
acoustic emissions, thereby enabling acoustic signal transmission to be more robust
with respect to relative orientation between whistle and mobile digital device. In one
or more embodiments, the whistle comprises a pair of airflow guides that direct a
user’s expiratory airflow into a pair of counter-rotating vortices that exit the whistle

through a pair of substantially parallel outlets, with an advantage that counter-rotating
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vortices interfere with each other less than vortices that rotate in the same direction —

thus supporting strong acoustic emissions that are clear and stable.

[0223] Another aspect of one or more embodiments is that the whistle accommodates
a seal with a user’s lips that is air-tight, comfortable and easy for the user to maintain
during forced exhalation. In one or more embodiments, the whistle’s design enables
the whistle to be held entirely by the user’s lips during forced exhalation. If the seal 1s
not airtight, measurement accuracy will be compromised. If the seal is not
comfortable, adherence to a measurement regime may falter. If the seal is not easy for
the user to maintain, the user must expend their effort and concentration on
maintaining the seal, and measurement accuracy will be compromised. In order to
accommodate an airtight seal, the whistle of one or more embodiments includes an
inlet/mouthpiece with an external surface that is substantially smooth and continuous,
with no sharp-angled bends. In at least an embodiment, the external surface of the
whistle’s inlet/mouthpiece has an oblong cross-section. In at least an embodiment, the
cross-sectional dimensions of the exterior surface of the whistle’s inlet/mouthpiece are
non-increasing, or decreasing in the direction of exhalation, with an advantage of
assisting a user to maintain an airtight seal between the moist portion of the lips and
the whistle, and to hold the whistle with the lips during forced exhalation. (If an inlet
were instead to widen in the direction of through-flowing airflow — as is true for some
pre-existing whistle designs never meant for spirometric measurement — pressure
exerted by a user’s lips translates into forces pushing the whistle out and away from a

user, making the whistle harder to hold during forced exhalation).

[0224] Another aspect of one or more embodiments is that the whistle not only
reduces manufacturing cost and complexity by not requiring any electronics or
moving parts for signal emission, but also reduces manufacturing cost and complexity
by minimizing the number of parts required to assemble the whistle. In at least an
embodiment, the whistle 1s composed of just two or three parts, each part realizable
through a straight-pull injection molding process. In at least an embodiment, at least
one of the whistle’s parts is realizable using a two-shot injection molding process, so

as to enable a soft external grip for the user while ensuring a smooth passageway for
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internal airflow. Accordingly, in some embodiments, the mouthpiece and inlet are
features of the same component or part, while in other embodiments, the mouthpiece
1s its own part. In some embodiments, the mouthpiece 1s detachable, to support

hygienic shared use of a common whistle.

[0225] Yet another aspect of one or more embodiments is that the whistle comprises
a grip region, where a user may manually hold the whistle while in use. In one or
more embodiments, the grip region is substantially softer to the touch than other
features of the whistle, with an advantage of increasing user comfort while the whistle
1s in use, while not lowering the quality of the whistle. In one or more embodiments,
the grip region presents greater surface sliding friction to a human hand than other
features of the whistle which are not meant to be held by hand, with an advantage of
reducing the chances that the whistle will be dropped, or will change position in a
user’s hand while in use. Surface sliding friction can be achieved through choice of
texture, choice of material, or both. In one or more embodiments, the grip region is
visually distinct from other aspects of the whistle (for example, of a different color,
brightness, reflectivity, and/or texture), with an advantage of communicating to a user
where to hold the whistle. In one or more embodiments, the grip region has a surface
texture that differs substantially from the surface finish of other aspects of the whistle,
with advantages of communicating to a user where to hold the whistle, and potentially
increasing the perceived value of the whistle (through simulating the texture of

comparatively expensive materials such as leather or turtle-shell).

[0226] A still further aspect of one or more embodiments of the whistle is that the
surface finish of the whistle’s mouthpiece region is substantially smooth, with an
advantage of facilitating cleaning. In one or more embodiments, the whistle’s
mouthpiece region is of a harder material than the whistle’s grip region, with
advantages of a) clarifying the relative function of each aspect of the whistle, b)
reducing the chances that the mouthpiece region will become scratched, c¢) reducing
the chances that a user will experience unpleasant roughness with their lips, as the

result of the mouthpiece region becoming scratched.
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[0227] An additional aspect of one or more embodiments is that the whistle produces
an acceptable and receivable audible acoustic signal in response to a full range of
human expiratory airflow rates. The full range of human expiratory airflow rates can
be surprisingly broad; the international standard for peak expiratory flow meters, EN
ISO 23747:2007, recommends supporting a range of peak flow rates extending from
60L/min on the low end, to more than 800 L/min on the high end. An acceptable and
receivable audible acoustic signal is not too low in amplitude or subsonic at low flow

rates, and not too loud, too shrill, or ultrasonic at high flow rates.

[0228] An aspects of one or more embodiments is that particular whistle and/or
process embodiments balances tradeoffs so as to best accommodate needs of
particular user groups, such as children, adults, athletes, or patients with severe late-
onset asthma. For example embodiments of the invention may comprise a “high flow
range” whistle designed to meet the needs of adults or athletes, as well as a “low {low

range” whistle designed to meet the needs of children.

[0229] According to yet another aspect of one or more embodiments, respiratory
measurements are made accessible to the hand-held mobile electronic device through
a means that is wireless, does not require initial configuration of a wireless network,
and does not require any energy additional to the energy already contained within a

user’s forced exhalation.

[0230] Further aspects of one or more embodiments are that the whistle requires no
frequent calibration, and can easily be cleaned and sterilized using aqueous solutions

(such as detergent and water) without risk of damage.

[0231] According to a still further aspect of one or more embodiments, the whistle
itself provides perceptible real-time feedback to a user that varies with a user’s
expiratory airflow rate. This feedback includes audio feedback perceivable by a
user’s ears, and may additionally include tactile feedback, sense-able by a user’s skin;
specifically wind and/or heat originating from a user’s expiratory airflow.
Measurement of forced expiration is inherently effort-dependent, and providing

perceptible, real-time feedback is an effective way to reward effort. In addition to
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rewarding user effort, perceptible real-time feedback can also facilitate identifying and

discounting invalid measurement trials.

[0232] According to an additional aspect of one or more embodiments, the range of
frequencies that the whistle emits in response to peak expiratory airflow rates can fit
comfortably within a frequency range suitable for both a) the microphones used in
hand-held mobile electronic devices, as well as b) one or more of the wireless
networks to which such hand-held mobile electronic devices can typically connect.
The whistle’s ability to function within a frequency range defined by these two
requirements supports derivation of respiratory measurements by variations of the
software process running locally on the hand-held mobile electronic device, as well as
by variations of the software process running remotely on another device that connects

to a network to which the hand-held mobile electronic device can connect.

[0233] According to an aspect of at least an embodiment, emissions of the whistle in
response to through-flowing expiratory airflow are ultrasonic, with advantages that a)
the whistle will not disrupt other humans, and b) the whistle can be used in

environments characterized by extensive noise within the audible frequency range.

[0234] According to yet another aspect of one or more embodiments, the form of the
whistle aligns the prevailing direction of incoming airflow with the prevailing actual
or perceived direction of outgoing airflow. Such alignment can assist a user to aim
(and feel like they are aiming) at the hand-held mobile electronic device, can assist the
user to easily view interactive graphical feedback from the device, and can support

reliable communication between the whistle and the mobile digital device.

[0235] An additional aspect of one or more embodiments is that the whistle includes
a “false” outlet (for example, a horn-shaped form, which may or may not be placed
around a true outlet), with advantages including a) supporting the illusion that a user
can blow “straight through” the whistle, at the mobile device, and b) serving as a
barrier to prevent a user from holding the microphone of a mobile device too close to

a true outlet of the whistle. In some embodiments, a false outlet may be axially
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aligned with a true inlet, to support a user’s perception of blowing straight through the

whistle.

[0236] Another aspect of one or more embodiments is that the whistle includes an
inlet that 1s small enough to be held by human lips, while also including an outlet (or
an opening, or partial opening that a user may perceive to be an outlet) that is too large
to be held by human lips. This aspect has an advantage of clarifying for a user, which

end of the whistle to blow into.

[0237] An additional aspect of one or more embodiments is the whistle includes an
outlet with a prevailing direction of airflow that is at an angle of no more than 90
degrees from the prevailing direction of airflow through the whistle’s inlet. This
aspect enables a user to receive continuous tactile feedback during forced exhalation,
on the face or chest, in the form of wind and heat from expiration. In at least an
embodiment, the whistle includes an outlet with a prevailing direction of airflow that
is substantially perpendicular (i.e., #20°) to the prevailing direction of airflow through
the whistle’s inlet. Such an orientation can simplify manufacture of the whistle. In at
least an embodiment, the whistle includes multiple outlets with a prevailing direction
of airflow that is substantially perpendicular to the prevailing direction of airflow

through the whistle’s inlet.

[0238] In at least an embodiment, the whistle includes a central cavity with a wall
that follows a circular contour, with the advantage that such a whistle can be less
expensive to design and manufacture. In at least an embodiment, the whistle includes
a central cavity with a wall that follows a contour with a variable radius, such as a
continuously variable radius. In at least an embodiment, the whistle includes a central
cavity with a wall that follows a contour based on a logarithmic spiral. A whistle with
a central cavity with a wall that follows a variable radius (or has a spiral contour) can

offer advantages with respect to reduced airflow resistance and reduced turbulence.

[0239] In at least an embodiment, the whistle includes an airflow guide that translates
the direction of airflow into a swirling vortex with a central axis that is substantially

parallel (i.e., #20°) with the prevailing direction of incoming airflow which may have
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an advantage that the whistle inlet and outlet can be axially aligned to support a user’s
perception of aiming/blowing at a mobile device, or representations displayed by a
display of the mobile device. In at least an embodiment, the whistle includes structure
that directs incoming airflow into a swirling vortex with a central axis that is
substantially perpendicular to the direction of incoming airflow, which may have an
advantage that the vortex can exit one or more outlets that are positioned close to the

user’s ears.

[0240] According to an additional aspect of one or more embodiments, the external
form of the whistle supports a metaphor unrelated to spirometric peak flow
measurement, a metaphor that contributes to ease of use of the whistle, encourages
adherence to a peak flow measurement regimen, encourages a user to give their best
effort, or invites a user to enjoy the task of performing a peak flow measurement as
though enjoying another activity. In at least an embodiment, the external form of the
whistle resembles a horn. In at least an embodiment, the external form of the whistle
resembles a referee’s whistle. In at least an embodiment, the external form of the
whistle resembles an animal capable of loud or otherwise surprising perceptible
emissions (€.g., a baby bird in a nest calling for food, a dolphin emitting its signature
whistle, or a spitting cobra projecting venom). In at least an embodiment, the external
form of the whistle resembles a cloud, capable of causing wind to blow. In at least an

embodiment, the external form of the whistle represents a party whistle.

[0241] According to an additional aspect of one or more embodiments,
representations perceptible from the display of the mobile device support a metaphor
unrelated to spirometric peak flow measurement, a metaphor that contributes to ease
of use of the peak flow measurement system as a whole, encourages adherence to a
peak flow measurement regimen, encourages a user to give their best effort, or invites
a user to enjoy the task of performing a peak flow measurement as though enjoying
another activity. In at least an embodiment, the display of the mobile device depicts a
pinwheel or windmill that starts to turn in response to forced exhalation through the
whistle. In at least an embodiment, the display of the mobile device depicts a person

or animal that becomes startled by the sound of a whistle. In at least an embodiment,
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the display of the mobile device depicts a whale in the ocean that discharges visibly
through its blowhole in response to the sound emitted by the whistle. In at least an
embodiment, the display of the mobile device depicts a cake with candles whose
flames extinguish in response to the sound emitted by the whistle. In at least an
embodiment, the display of the mobile device depicts a burning building, whose
flames are extinguished in response to the sound emitted by the whistle during forced

exhalation.

[0242] According to yet another aspect of one or more embodiments, the external
form of the whistle, works in conjunction with representations perceptible from the
display of the mobile digital device to support a metaphor unrelated to spirometric
peak flow measurement that contributes to ease of use, encourages adherence to a
peak flow measurement regimen, encourages a user to give their best effort, or invites
a user to enjoy the task of performing a peak flow measurement as though enjoying
another activity. In at least an embodiment, the external form of the whistle resembles
a bugle, while the mobile device displays a sleeping soldier. In at least an
embodiment, the external form of the whistle resembles a cloud, while the mobile
device displays a dandelion, whose seeds blow away in the “wind” a user can imagine

emanating from the cloud (as a result of blowing through the cloud-whistle).

[0243] According to an additional aspect of one or more embodiments, the invention
enables a spirometry system that combines real-time auditory feedback from a whistle
during expiration with feedback of at least one other sensory mode (e.g., visual
feedback, tactile feedback) from a mobile digital device, where at least some of the
feedback from the mobile device occurs at the end of, or following expiration. The
advantages of combining multiple types of perceptual feedback from multiple sensory
channels are well known in the arts and entertainment (e.g., promoting
immersion/engagement), as well as in education (e.g., promoting
reinforcement/retention). Combining multiple types of perceptual feedback from
multiple sensory channels can have similar benefits in spirometry — enabling peak
flow measurement regimens that are more enjoyable, adhered to more regularly, and

conducted with skill more quickly.
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[0244] According to a further aspect of one or more embodiments, the mobile digital
device provides at least some feedback to the user in real-time during a user’s forced
exhalation through the whistle. (“Real-time feedback™ from the mobile digital device
1s understood to encompass near real-time feedback, since mobile digital devices
cannot process signals instantaneously). Real-time feedback communicates a tight
coupling between perceived cause and perceived effect, and so can strengthen a user’s

sense of immersion, engagement and agency.

[0245] According to another aspect of one or more embodiments, the external form
of the whistle comprises substantially rounded edges, with an advantage that the
whistle can more easily be removed from or inserted into typical containers on a
user’s person (such as pockets, backpacks or handbags), without catching, scratching

other items, cutting a user or causing discomfort while in use.

[0246] According to another aspect of one or more embodiments, the whistle may
include (or have attributed to it) a static or dynamic identifier, which can be
communicated to the computational system that the whistle is in communication with,
thereby enabling the system to access information intrinsic to (or associated with) the
whistle: attributes such as the whistle’s name, size, recommended measurement range,
type, version, manufacturer, vendor, distributor, characteristic relationship between
airflow rate and frequency, purchaser, owner, user, user id or user details (including
information such as flow measurement-related data or mobile app settings or
configuration). In one or more embodiments, this identifier 1s human readable, and
may be entered, by the user, into the system the whistle is in communication with (e.g.
via a physical or virtual keypad, or a menu). Examples of human-readable identifiers,
or representations of identifiers, include: names, textual descriptions, symbols, logos,
logotypes, colors, numeric codes, alphanumeric codes, and other symbolic or pictorial
codes, and pictures (e.g. of a “small”, “medium” or “large” whistle; a “child” or
“adult” whistle; or “low range” or “high range whistle”, etc.). In one or more
embodiments, a human-readable identifier or a representation of an identifier may be
entered manually, via a physical or virtual keypad, or via a graphical or textual menu,

In one or more embodiments, the identifier is machine-readable by the system the
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whistle is in communication with, and can be read automatically — either explicitly,
through the user intentionally presenting the whistle for identification, or else
implicitly, through the natural course of the user using the whistle with the system that
the whistle is in communication with. In one or more embodiments, the whistle
includes both a human readable identifier and a machine-readable identifier. In one or
more embodiments, there are multiple forms of machine-readable and or human-
readable identifiers, with advantages including redundancy and broadened
compatibility with, for instance, different mobile phones with different sensing
capabilities. In one or more embodiments, identification is accomplished through a
printed, human-legible code. In one or more embodiments, identification 1s
accomplished through a bar code, QR code, or other form of machine-readable code
on the whistle being captured by the integrated camera of a mobile digital device and
interpreted by image processing routines on the device. In one or more embodiments,
identification of the whistle is accomplished through an RFID or NFC tag affixed to or
embedded in the whistle communicating via near field (magnetic) or far field (radio)
communication with an NFC or RFID reading capability of the mobile digital device.
In one or more embodiments, identification 1s accomplished through capacitive

coupling.

[0247] For simplicity, embodiments of machine-readable identifiers or codes such as
bar codes, QR codes, NFC tags, RFID tags, and tags that communicate through
capacitive coupling may be herein referred to as “automatic identification tags”, and
means of reading (and/or writing) content of machine-readable tags may be referred to
as “automatic identification tag transceiver.” The term “tag” herein may refer to an
affixed, stickered, printed, integrated or embedded label or device. The term
“identifier” herein may refer to a human-readable or machine-readable means of

identifying or specifying a whistle or type of whistle.

[0248] As mentioned above, in some embodiments, identification may be
accomplished through capacitive coupling. One example of a capacitive coupling
approach is as follows: A surface (or subsurface) layer of the whistle includes

electrically conductive (or electrically resistive) regions, spatially distributed along
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one or two Cartesian or polar dimensions or axes, such that the spacing and/or size of
the regions encodes information (e.g., an identification code). When the whistle is
held with a user’s hand sufficiently close to, or touching, the touchscreen of a mobile
device, the mobile device senses the locations and/or sizes of the regions capacitively
(similar to the manner that multiple simultaneous finger touches on different locations
of a touchscreen can be sensed), and uses the locations and/or sizes of the regions to
decode the encoded information (e.g., as an identifying tag/code or to obtain the
identification code). In such an approach, the user’s hand may be capacitively,
conductively, and/or resistively coupled with one or more of the regions to provide an

identification.

[0249] In one or more embodiments, identifiers may also include names or images or
other identifiers ascribed to a whistle, that are not a part of the whistle itself. Such
identification may include associated devices, associated identifying tags/codes,
associated packaging, printed product information, or other identifier described above.
For example, an associated device may provide identification in place of the whistle,
or in other examples, an identifier may include a pattern of tapping the whistle to a
touchscreen (e.g., a pattern using binary code as an identifier). In one or more
embodiments the identifiers include whistle device characteristics that may
differentiate whistles from one another or between models. For example, a whistle
may include handholds on the body specifically designed to a certain user in a certain
shape/mold, a whistle mouthpiece may include key-like formations, or a user

fingerprint engraved in the side of the whistle.

[0250] In one or more embodiments, identifiers are received by the mobile device
directly, as a result of a machine-readable code. In one or more embodiments,
identifiers are received by the mobile device through user input means such as a
keypad or touchscreen (e.g. manual entry of a serial number from a whistle, manual
entry of a whistle’s name or type printed on the whistle’s packaging, manual selection
of a menu item or picture of a “low range” or “high range” whistle, rendered on a

touchscreen display of the mobile digital device, etc.).
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[0251] Advantages of including a human or machine readable static or dynamic
identifier include discouragement of counterfeiting and its associated health risks and
business risks (since an identifier furnishes a means of identifying a whistle or whistle
type and verifying its provenance), support for automated sign-in and personalization
of the system (since the whistle can act as a token or a key that stands for a given
user), and support for different types or versions of whistles (since essential
information about a whistle — such as its characteristic relationship between airflow

rate and frequency — can be determined based on the whistle’s identifier).

[0252] In one or more embodiments, a human-readable or machine-readable static or
dynamic identifier may enable validation of a whistle, validation of a user, validation
of the combination of a whistle and a mobile device, and/or validation of a
combination of a whistle and software instance running on a mobile device. In one or
more embodiments, a human-readable or machine-readable static or dynamic
identifier may enable the mobile digital device or system to determine which among a
set of pre-determined correlations between frequency and airflow-rate to employ when

interpreting acoustic information received from a given whistle or type of whistle.

[0253] In one or more embodiments, identifiers used for validations may be added to
an information structure (e.g. list, array, etc.), and/or stored in the memory of the

mobile digital device, with an advantage of facilitating retrieval and comparison.

[0254] An aspect of one or more embodiments is that the mobile device has a means
of user input, for entering a human-readable identifier that may be printed on, molded
into or affixed to the whistle, whereby the whistle’s identifier may be made accessible
to the software process. Examples of such means of entry include: a virtual or
mechanical keypad, a touch-screen or a voice entry system. If a whistle’s identifier
can be made accessible to the software process via human input, use of counterfeit
whistles can be restricted even in situations where a mobile digital device cannot
automatically identify the whistle or whistle type through automated means. In one or

more embodiments the identification of the whistle may result in initiation of a trial.
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[0255] In one or more embodiments, identifiers may be representations
corresponding to one or more whistles or whistle types that may be presented on the
display of the mobile digital device, with advantages of: a) facilitating selection of a
whistle that has been used (or will be used) to perform a measurement trial, and b)
assisting a user to verify the validity of a trial result — and potentially alter a displayed
measurement, or representation based on a displayed measurement, such that it

corresponds to the whistle used during the trial.

[0256] In one or more embodiments, a given whistle can be used with only a limited
number of mobile devices, as determined by software running on or in communication
with these mobile devices, based on the given whistle’s identifier. In one or more
embodiments, a given mobile device can be used with only a limited number of
whistles, as determined by software running in least in part on the mobile device
based on the whistles’ identifiers. In one or more embodiments, usage of the whistle
in conjunction with the software system is limited to a certain set of users, based on
the combination of whistle identifier and information about the user that the software
system has access to, such login credentials or location. These aspects can deter
counterfeiting in circumstances where whistle identifiers themselves can be easily

copied.

[0257] Advantages of the present invention in relation to counterfeit deterrence are of
particular importance. Although some embodiments of the whistle are mechanically
simple (and thus may be easy to forge to some approximation of accuracy), they
function as the primary data source upon which safety-critical, life-or-death decisions
are made. If a counterfeit whistle with unverified acoustic properties were to be
successfully used in place of a genuine whistle, the resulting peak flow readings could

be inaccurate in ways that could place a user’s life in jeopardy.

[0258] According to one or more embodiments, the whistle can be authenticated by
the system through cryptographic authentication. In one such authentication scheme,
the software system maintains a cryptographic “hash chain”: an ordered list of
numbers (“hashes”), such that each number 1n the list can be easily computed as a

function of the previous number (using a “hash function” or “one-way function”), but

73



WO 2017/049034 PCT/US2016/052058

going “backwards” — attempting to derive the previous number from the current
number — 1s computationally prohibitive or unlikely. In this particular scheme, the
whistle comes provisioned with an initial hash value (placed within the
readable/writable memory of an RFID tag, for example). Each time the user signals
their intention to conduct a trial (by tapping the screen of a mobile phone with the
whistle, for instance), the system reads the whistle’s current hash value. If the current
value is determined to be valid, the system updates the current value to be the next
value in the chain, and permits the trial continue. If the current value 1s determined to
be invalid, the trial is not permitted to continue. This is merely one example of a
cryptographic authentication scheme that enables a whistle, or by extension, user, to
be validated by the system. Other cryptographic authentication schemes are possible;
for instance, the system could compute values of a hash chain on the fly, rather than
keep an entire hash chain in memory. The system could alternately rely on a chain of
pseudo-random numbers, or other hard-to-guess sequence, instead of a sequence
generated by a one-way function. In some implementations, the system could make
use of multiple one-way functions, or a family of one-way functions, in conjunction
with other pieces of data such as an authentication sequence count (a number that
increments with each successful authentication), a numeric identifier, or a pseudo-
random number. Cryptographic authentication has the advantage of vastly decreasing
the chances that a counterfeit whistle could be used with a legitimate system — and

vice versa.

[0259] In one or more embodiments, the computational system that the whistle is in
acoustic communication with presents a user with an optional (or mandatory) choice
to specify which whistle (or type of whistle) is used (or assumed to be used) — before,
during and/or after a measurement trial. Such a choice may be presented through
textual, graphical or auditory means. In some embodiments, when results of a
measurement trial are presented, they are presented in conjunction with a
representation of the set of whistles, whistle types, whistle models or whistle versions
for which the system can (or is authorized to) derive valid flow measurement results.
In some embodiments, this representation could take the form of a drop-down menu.

In some embodiments, this representation could take the form of a button, showing a
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currently selected whistle-type, that when pressed, reveals a menu displaying alternate
possible whistle types that can be selected, enabling a user to choose the whistle type
corresponding to a given measurement trial. In some such embodiments, if the
whistle type that the system presents as selected is different from the whistle (or
whistle type) that the user has used or will use, the user can correct the system’s
presented selection, potentially also correcting displayed and/or recorded trial results.
In some embodiments, the mobile device presents a peak flow measurement in
conjunction with a representation of a whistle (or type or version of whistle) that
cannot be changed by the user; in some situations the mobile device can automatically
detect the whistle type, and the ability to select an alternate whistle could invite user-

errors and invalid measurements.

[0260] The term “whistle type” may be used herein to succinctly refer to whistle
makes, models or versions, in contexts where there are potentially multiple whistle

makes, models or versions which may be selected, or must be discriminated between.

[0261] In one or more embodiments, the computational system may, through use of a
digital camera sensor on or attached to the mobile device, attempt to identify the type
of whistle that is used before, during or after a trial, based on visible aspects of the
whistle itself, related to its shape, color, reflectivity, relative placement/orientation of
detectible features, or manner held in-hand by a user. In one concrete example,
different types/models of whistles are color-coded (or marked with one or more color-
coded patches). During use of the whistle and mobile device, the color-based
indicator(s) of the whistle are sensed by computer vision techniques, and determined
to correspond to a particular type of whistle by the computational resources available

to the mobile digital device.

[0262] In one or more embodiments, multiple approaches are used in concert to
identify a whistle or type of whistle. For instance, the reading of a bar code could be
used in conjunction with the reading of an RFID tag, or an RFID tag could be used in
conjunction with color-based visual markers to establish the identity of the whistle.

The use of multiple approaches may increase the accuracy/reliability of recognition.
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[0263] In one or more embodiments, the mobile device includes an indirect or direct
means of obtaining barometric pressure, and may employ such means to arrive at or
refine airflow-related measurements. For certain types of whistles, emitted acoustic
frequency may not solely be a function of through-flowing airflow rate, it may also be
a function of the atmospheric pressure at the location of the whistle. If not only
airflow rate, but also atmospheric pressure are known, it 1s possible to derive more
accurate measurements, and thereby provide better decision support for respiratory
health. In some embodiments, the mobile device directly incorporates an air pressure
or altitude sensor. In one or more embodiments, the mobile device incorporates a
means of obtaining location, (such as a GPS module, an ability to communicate with
fixed Bluetooth “beacons”, or access to a wireless location service), and relies on this
means of obtaining location in conjunction with data, local to the device or external,
mapping location to air pressure (for example, cartographic elevation data, or data
associating Bluetooth beacon locations with the floors of a skyscraper) in order to
obtain a measurement or estimate of atmospheric pressure. In one or more
embodiments, multiple means of obtaining atmospheric pressure may be employed in

combination, for redundancy, improved accuracy, and/or precision.

[0264] According to one or more embodiments, the software process accommodates
shared usage of a mobile digital device by presenting user-specific representations,
information and/or feedback on the display of the mobile digital device. In some
embodiments, the software process causes the mobile digital device to display a
representation of the user’s identity. In one or more embodiments, the user can log in,
or select from among a list of representations of user identity. In one or more
embodiments, a user’s whistle, equipped with information readable from the mobile
digital device, functions as a user’s key or token for login, verification or

customization.

[0265] According to one or more embodiments, the software process records the
location of the mobile device during a trial, with an advantage of supporting creation

of data that can be used to understand relationships between location and respiratory
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health for a population. Such information is of utility in public health, environmental

justice, and pharmaceutical distribution.

[0266] It is an aspect of one or more embodiments that the computational system in
communication with the whistle determines whether or not a received sound
corresponds to the sound from the whistle made in response to a user performing a
forced exhalation. In some embodiments, the computational system instructs the user
based on acoustic data received. For example, if received acoustic data remains below
a certain amplitude threshold, the mobile digital device provides an instruction to
blow more forcefully, or to blow more closely to the microphone. (NOTE: The term
“acoustic data” herein is not synonymous with “analog data”; if the context is digital,
“acoustic data” refers to a digital representation of acoustic data). In some
embodiments, if a received sound meets some but not all of the requirements for a
valid whistle sound, the mobile digital device provides an instruction to try again. In
some embodiments, if features of the received acoustic signal suggest a noisy
background environment, the mobile digital device instructs a user to perform trials in
a quieter location. Through providing instruction dynamically, in response to
contextual information available from a received acoustic signal, such embodiments
can aid a user to actively problem-solve, and perform expiratory flow measurement

with greater skill, more reliable results, and a quicker, easier learning curve.

[0267] According to one or more embodiments, the computational system handles
trial results in a “best of three” fashion: acoustic signals corresponding to three forced
exhalations through the whistle are processed to yield three measurements, and the
largest measurement retained and communicated. In some embodiments, the mobile
device may request an additional trial in the event that a previous trial has not
produced a valid measurement. In some embodiments, the final result for a set of
trials conducted during one session of use is a function of measurements made for

some or all of the trials in the set, such as the mean value, or the median value.

[0268] In accordance with one or more embodiments, an aspect of the software
process is that it interprets whether or not a user has elected to begin performance of a

measurement trial. In various embodiments of the software process, a user’s election
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to begin a trial could be communicated by, for instance, pressing a virtual or physical
button, performing a swipe gesture on the touch-screen of the mobile device,
beginning a forced exhalation, uttering a command, tapping the screen of the mobile
device with the whistle, bringing the whistle into close proximity to the mobile device,
or launching an application from the mobile device. In various embodiments,
interpreting whether or not a user has elected to begin a measurement trial could take
place before trial has begun, with advantages of simplifying implementation, or while
a forced exhalation is already underway, with an advantage of reducing the number of

steps a user must perform in order to successfully complete a trial.

[0269] The ability to accurately interpret whether or not a user has elected to begin a
trial 1s of considerable importance. If the software process cannot accurately and
reliably determine whether a user wishes to start a trial, the user may experience
disappointment, perceive a loss of control, and lose trust in the system. As a result,

adherence to a spirometric measurement regime may deteriorate.

[0270] According to one or more embodiments, an aspect of the software process is
to successfully register at least one temporal boundary for acoustic data processing.
Examples of temporal boundaries include: a) a point in time before the onset of a
whistle candidate, b) a point in time substantially corresponding to the onset or
cessation of a whistle candidate, c) a point of time within a whistle candidate, d) a
point in time after the cessation of a whistle candidate, €) a point in time
corresponding to the start of an acoustic input data “frame”: a regularly-sized
consecutive sequence of input samples processed together. The start of an acoustic
input data frame may account for overlap between consecutive frames. (Overlap is
often desirable in circumstances requiring a large frame size together with a low inter-
frame duration). The capability to reliably register temporal boundaries supports
accurate timing of duration, detection of salient features within a candidate whistle

recording, and simplifies subsequent processing.

[0271] Registering temporal boundaries before the onset and after the cessation of a
whistle candidate has an advantage of ensuring that the whistle candidate can be

evaluated with respect to the temporal context in which the whistle candidate occurs.
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Registering temporal boundaries at the onset and cessation of a whistle candidate has
an advantage of enabling a software process to accurately integrate volumetric airflow
rate over the full duration of the whistle candidate, and arrive at a measure of the
volume of a user’s forced exhalation — a valuable metric for assessing lung function.
Registering temporal boundaries during a whistle candidate may enable a software
process to determine peak expiratory rate for a trial without having to consider the full
whistle candidate, thus enabling the software process to report peak flow rate more
quickly, with lower memory requirements, less calculation and less drain on the
mobile device’s battery — thus improving the functioning of the device. Registering
temporal boundaries corresponding to the start of acoustic input data frames is
essential to a range of frame-wise digital signal processing techniques — filtering,
windowing, correlation, convolution, Fourier analysis, Cepstrum, the Harmonic
Product Spectrum method, etc — of utility in producing well-functioning
implementations of embodiments of the present invention. Temporal boundaries can
be represented through various secondary units, such as sample index, frame index

and lag index, but all fundamentally correlate to points in time.

[0272] According to yet another aspect of one or more embodiments, an aspect of the
software process 1s to determine a “baseline” acoustic context in which a forced
exhalation through a whistle has, will, or might take place. Determining a baseline
acoustic context has an advantage of assisting the software process to distinguish a
whistle candidate from other acoustic events, noise, and silence within the acoustic
context. A range of features may potentially be identified, tracked and evaluated
during definition of a baseline acoustic context, without departing from the scope of
the present invention. Some such features include acoustic information of the whistle
and /or uses of the whistle, for instance: mean, median and maximum acoustic
amplitude, the absolute value of mean, median, and/or maximum acoustic amplitude,
spectral envelope, noise threshold, dominant spectral peaks, frequency centroid,
normalized low-frequency energy ratio, and periods of regular periodic alternating
silence and noise. One relatively simple approach to determining a baseline acoustic
context might be to track maximum acoustic amplitude for a period of time, and then

use this maximum acoustic amplitude as a threshold for distinguishing substantially
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silent periods from whistle candidates. A more sophisticated approach to determining
a baseline acoustic context might entail identifying a range of features within the time
and/or frequency-domain, such as active noise frequencies, in order to enable active
noise calculations (e.g., for active noise cancellation, active noise reduction, active
noise control, for use by a filtering algorithm in identifying and removing background
noises, etc.), or to select one frequency-detection algorithm as most appropriate for the
given context, out of a set of frequency detection algorithms. Determining a baseline
acoustic context for a given trial may rely entirely on pre-calculated results.
Determining a baseline acoustic context may be entirely based on explicit or implicit
assumptions (potentially encoded in software instructions, or stored in memory
accessed by software instructions) about the mobile device’s audio subsystem (e.g.,
microphone gain, sensitivity, distortion, clipping point, noise level, etc.), and or

context of use (e.g., further capabilities of the microphone of the mobile device).

[0273] Once features of a mobile device’s baseline acoustic context have been
established, they can be used not only to support whistle-based spirometric
measurements, but also to support a wide range of other acoustic control, command
and measurement-related activities unrelated to spirometric measurement. The
acoustic environment may include information about acoustic sounds within the
environment surrounding the mobile device, as well as various deviations to acoustic
sounds based on environmental knowledge. For example, if the baseline acoustic
context established by an embodiment of the present invention determines that the
acoustic environment includes significant cocktail party-like noise and/or acoustic
deviations such as echoes and atmospheric pressure variations, other software
processes sharing access to the same microphone for other purposes (such as voice-
based search, voice-based purchase, singing-based musical transcription, etc) could
use this information about the baseline acoustic context to increase their own
selectivity and reject the noise. Thus, establishing features of a mobile device’s
baseline acoustic context has the potential to improve the functioning of the mobile
digital device not only for spirometric measurement, but also for range of activities

that extends beyond spirometry.
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[0274] In some embodiments, features of a baseline acoustic context may be
established before a whistle candidate (or collected/recorded samples) has begun.
Establishing baseline features immediately before a whistle candidate has begun
increases the likelihood that the acoustic context will not have changed significantly
by the time the whistle candidate occurs. In some embodiments, features of the
baseline acoustic context may be established after a whistle candidate has begun, with
an advantage that there is no need for a user to wait for baseline establishment to
complete before starting a trial. In some embodiments, features of the mobile device’s
baseline acoustic context may be established continuously, or between trials — with an
advantage that routine or time dependent noises (such as the chime of a grandfather
clock) may be anticipated and adjusted for during a trial. In some embodiments,
baseline features may be updated during a whistle candidate, with a potential
advantage of improving detection of frequency during the latter portion of a whistle

candidate, and/or improving detection of cessation at the end of a whistle candidate.

[0275] A further aspect of one or more embodiments is that the software process
provides instruction to be made available to the user through the mobile device. Such
instruction may occur before the trial, with advantages of reminding the user how to
perform the trial before any mistakes have been made during the trial, and thus, with
less risk of coming across as admonishment or criticism. Instruction may also occur
after the trial, with an advantage that it is possible, at this point to provide tailored
correctional feedback that can aid a patient to improve the way they perform trials in
the future. Some instructions may occur before or after every trial, while some
instructions may occur less frequently. In one or more embodiments, some
instructions last for a duration in time. In some embodiments, the user must
acknowledge some instructions, with advantages of a) underscoring the importance of
these instructions, or b) enabling an experienced user to step through a sequence of
already well-understood instructions quickly (as opposed to having to wait for each
instruction’s time period to elapse). Without departing from the scope of the present
invention, instructional feedback in various embodiments may be textual, graphical,

animated, auditory, vibrotactile, and/or multimodal.
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[0276] According to one or more embodiments, instructions may be presented
concurrently with establishing features of a baseline acoustic context, with an
advantage that a user will not perceive that they need to wait for features of baseline

acoustic context to be established.

[0277] Another aspect of one or more embodiments is that the software process
evaluates the validity of whistle-sound candidates. In some embodiments, this
evaluation may take the form of a set of comparisons against a parametric model. To
give a simplified example, a whistle candidate might be accepted as valid if it is
neither too short nor too long in duration; in this case, the parametric model includes
two duration thresholds. In more sophisticated embodiments, evaluation may involve
machine learning approaches, for instance, training an artificial neural network (ANN)
on a large set of predetermined valid and invalid whistle candidates, then employing
the trained network to assess the validity, or contribute to the assessment of validity,

of new whistle candidates.

[0278] According to one or more embodiments, the whistle has an inlet conduit with
a mouthpiece with a central axis that is substantially coplanar with a central axis of the
outlet conduit. An advantage of the central axis of the mouthpiece or inlet being
substantially coplanar with the central axis of the outlet conduit is that a balanced
weight distribution is encouraged, and twisting torques are limited when the whistle is
held by a user’s lips. The user does not need to exert undue effort to keep the whistle
from twisting. Additionally, this geometry supports lateral symmetry, which may be
aesthetically desirable; it helps to ensure that a whistle does not look off-kilter or

unstable when correctly positioned for use.

[0279] According to one or more embodiments, the whistle comprises a housing that
1s configured to attach either directly to the mobile digital device, or else indirectly, to
a second housing configured to hold the mobile digital device. According to one or
more embodiments, the whistle comprises a housing configured to hold the mobile
digital device. According to one or more embodiments, the whistle comprises a

housing configured to hold the functionality of an inhaler dispenser, with an
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advantage of reducing the number of asthma management-related items a person

needs to keep track of and carry on their person.

[0280] According to one or more embodiments, the whistle includes a cover which
can be used to keep the mouthpiece clean. In some embodiments, this cover is
attached to the whistle by a flexible joint, strap, or cord, with an advantage that the
cover can be removed from the mouthpiece with less risk of loss or misplacement. In
some embodiments, the cover has a secondary “resting” or attachment location on the
whistle, so that while the whistle is in use, there 1s an intuitive, natural place for a user
to keep the cover. In some embodiments, the mouthpiece cover does not detach, but
instead retracts to reveal the mouthpiece, in a manner conceptually similar to the way
a lipstick’s inner casing retracts to reveal lipstick, or the way a ballpoint pen’s casing
retracts (relative to an enclosed pen tip) to reveal the pen tip. (Such embodiments
require that the mouthpiece cover is open-ended). In some embodiments of the
whistle there 1s a sliding constraint between the whistle body or the inlet tube and the
mouthpiece cover, such that the mouthpiece cover can be retracted through a sliding
motion, thus revealing the mouthpiece. Other embodiments of the whistle include a
twisting, screw-like or spiraling constraint (such as, for example, the thread constraint
between a screw and a nut) between the whistle body or the inlet tube and the
mouthpiece cover, and twisting the cover relative to the whistle body or inlet tube will
result in the cover retracting to reveal the mouthpiece. In some embodiments that
include a sliding or twisting constraint, there are additionally end-point constraints
that limit the extent to which the mouthpiece cover can move during retraction or
extension. Some embodiments further include detents or catches at or near endpoints
of retraction and extension, such that the mouthpiece cover will “click” into place
(sonically and/or haptically) when moved into fully retracted (mouthpiece uncovered)
or fully extended (mouthpiece covered) positions, with an advantage of clearly
communicating the state of the whistle to the user. In some embodiments, the cover
serves as a grip or handle, by which the user may effectively hold the whistle during
use, and/or manipulate the cover. Some embodiments may configure a retraction to

be an initiating action for recording samples/trials.
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[0281] According to one or more embodiments, the whistle is “pocket-portable,” or
of a size and shape conducive to being carried in a person’s pocket. According to one
or more embodiments, the whistle is wearable. In some embodiments, the whistle is
wearable around a user’s neck by means of a lanyard, or about the waist, by means of

a belt clip.

[0282] Though the description above contains specificities, these specificities should
not be construed as limiting the scope of embodiments, but merely as assisting in the
presentation of illustrative examples. Additional variations are possible; for example,
alternate variations of the whistle could incorporate a fixture and/or holes that enable
the whistle to be worn using a strap or a necklace, or alternatively, used as part of a
keychain. Alternate variations of the system’s software process could automatically
monitor for several trials in succession, rather than just one trial. Thus, the scope of
the embodiments should be determined by the appended claims and their legal

equivalents, rather than by any specific examples given.

[0283] As described above, the various embodiments include spirometric
measurement systems for capturing, generating, measuring, determining, or making
human expiratory airflow-related measurements accessible to hand-held mobile
electronic devices. A spirometric measurement system may include a compact
portable whistle and a physically separate hand-held mobile electronic device. The
compact portable whistle may be configured, equipped, designed or arranged to
produce acoustic emissions with a frequency that varies with airflow rate, and
generate and/or send information that is suitable for deriving airflow-based
measurements to the acoustic input unit of the hand-held mobile digital device. The
hand-held mobile electronic device may be configured to receive, collect, and/or use
information collected by its acoustic input unit (e.g., information received the compact
portable whistle, etc.) to generate, compute, or determine human expiratory airflow-

related measurements.

[0284] Methods of spurometric measurement using a whistle having a pre-determined
correlation between through-flowing airflow per unit time and frequency of acoustic

emissions from the whistle may mclude determining, via a processor of a mobile
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electronic device, a baseline acoustic context, recording samples based on information
received via a microphone of the mobile electronic device, determining a {requency
value for an acoustic signal wncluded n the recorded samples, determining an
expiratory airflow rate value based on the determined frequency value, determining a
respiratory parameter based on the determmined expiratory arflow rate valuoe,
generating spirometric information based on one or more of the recorded samples, the
determined {requency value, the determined expiratory airflow rate value, and the
determined respiratory parameter, and rendering the generated spirometric
information. In some embodiments, the method may further include receiving (in the
processor) an identifier (e.g., from the whistle, from user input, etc.), performing a
validation based on the received identifier and/or identifying a correlation of the
whistle based on the received identifier. In some embodiments, the mobile electronic
device may include a user input capability (i.e., user interface elements), and the
operation of receiving the identifier may include (or may be accomplished by) the
processor receiving the identifier via the user input capability of the mobile electronic
device. In some embodiments, the mobile electronic device may include an automatic
identification tag reading capability coupled to the processor, and the operation of
receiving the identifier may include (or may be accomplished by) the processor
receiving the identifier from an automatic identification tag. As such, the receiving an
identifier at the mobile electronic device may include (or may be accomplished by)
receiving the identifier at the mobile electronic device via a user input capability of
the mobile electronic device and/or receiving the identifier at the mobile electronic
device via an automatic identification tag reading capability of the mobile electronic

device.

[0285] Further embodiments include a portable whistle having a predetermined
correlation between through-flowing airflow per unit time and frequency of acoustic
emissions from the whistle, usable for sensing the rate of a user's expiratory airflow as
it passes through the whistle, and transmitting the rate through electrically passive
means, as said frequency of acoustic emissions from the whistle to a physically
independent mobile digital device with a means of user input, a means of acoustic

input, and software processing capabilities. The whistle may include a mouthpiece at
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a first end of an inlet conduit having a central axis. The whistle may include an outlet
conduit having a central axis. The whistle may include a central cavity, positioned
between the inlet conduit and the outlet conduit, and having a central axis. The
whistle may include an airflow guide, positioned between the mouthpiece and the
central cavity, the airflow guide including one or more smooth and continuous
surfaces that guide said user’s expiratory airflow into a vortex within said central
cavity to produce an acoustic emission as said expiratory airflow exits said outlet
conduit, in which the whistle has sufficiently low airflow resistance to produce an
acoustic emission detectable by said mobile device that substantially corresponds to a
peak expiratory airflow rate of said user, and the acoustic emission correlated to
airflow rate is produced without using any moving parts. In some embodiments, the
respiratory parameters may be determinable based on the frequency of said whistle's

acoustic emissions and said correlation may be determined using the mobile device.

[0286] In some embodiments, the mouthpiece may be sized and shaped to enable a
fluid-tight seal between the mouthpiece and the lips of a user when the user performs
a forced exhalation through the whistle. In some embodiments, in the mouthpiece
includes at least one of: 1) an external surface that is substantially smooth and
continuous and does not contain sharp-angled bends over at least a portion of the
mouthpiece that is engaged by the lips of the user, i1) an external surface that has an
oblong cross-section, and iii) an external surface having at least one cross-sectional

dimension that does not increase in the direction of through-flowing airflow.

[0287] In some embodiments, the whistle may include a grip region including at least
one of: 1) a surface color that differs from that of at least one other feature of the
whistle, 11) a surface finish that differs from that of at least one other feature of the
whistle, 1i1) a surface texture that differs from that of at least one other feature of the
whistle, 1v) a material that 1s softer than the mouthpiece, and v) a material that
presents greater surface f{riction to a human hand than at least one other feature of the

whistle.

[0288] In some embodiments, the whistle may include an outlet conduit that has an

exit opening. The whistle may further include a barrier region proximal to the exit
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opening of the outlet conduit, said barrier region maintaining a minimum spacing,
from at least one direction, between the exit opening of the outlet conduit and at least
one of: the means of acoustic input of the physically independent mobile digital
device, a user’s hands. In some embodiments, the barrier region may include tubular
structure that is substantially axially-aligned with the central axis of the inlet conduit.
In some embodiments, an open cross-sectional area of the tubular structure increases

with the direction of airflow through the outlet conduit.

[0289] In some embodiments, the tubular structure of the barrier region surrounds the
exit opening of the outlet conduit such that expiratory airflow flows from the exit
opening of the outlet conduit through the tubular structure of the barrier region. In
some embodiments, the barrier region includes a false outlet such that expiratory
airflow from the exit opening of the outlet conduit does not flow through the tubular
structure of the barrier region. In some embodiments, a cross-sectional area of the
tubular structure at a distal end of the tubular structure is sufficiently large such that
the distal end of the tubular structure cannot be held within the lips of the user as

easily as the mouthpiece.

[0290] In some embodiments, the whistle may include a plurality of outlet conduits.
In some embodiments, each of the outlet conduits are substantially perpendicular to
the prevailing direction of airflow into the mouthpiece. In some embodiments, the
outlet conduits include first and second outlet conduits that are approximately
equidistant from the left and right ears of a user performing a forceful exhalation

through the whistle, such that acoustic emissions are produced in stereo sound.

[0291] In some embodiments, the whistle includes a first airflow guide that channels
incoming airflow into a vortex through a first central cavity towards a first outlet
conduit, and a second airflow guide that channels incoming airflow into a vortex
through a second central cavity towards a second outlet conduit. In some
embodiments, the outlet conduit includes an exit opening, and the exit opening is
oriented substantially perpendicularly to the prevailing direction of airflow into the

mouthpiece.
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[0292] In some embodiments, the central cavity is at least partially defined by a wall
having at least one of: a portion that follows a substantially circular contour, a portion
that has a variable radius, a portion that has a continually variable radius, a portion
that follows a spiral contour, and a portion that follows a substantially logarithmic
spiral contour. In some embodiments, the central axis of the central cavity is
substantially parallel to central axis of the inlet conduit. In some embodiments, the
central axis of the central cavity is substantially perpendicular to the central axis of the
inlet conduit. In some embodiments, the airflow guide includes a smooth and
continuous transition portion between an interior surface of the inlet conduit and an
interior surface of the central cavity. In some embodiments, the airflow guide includes
at least one of: one or more stationary vanes, and one or more channels that direct

airflow from the inlet conduit into the central cavity.

[0293] In some embodiments, the inlet conduit, the outlet conduit, the central cavity
and the airflow guide of the whistle are formed by no more than three separate
components. In some embodiments, each of the separate components includes an
injection molded part. In some embodiments, the inlet conduit, the central cavity and
the airflow guide are formed by securing a first component and a second component,
in which the outlet conduit is defined by one of the first component and the second
component. In some embodiments, a housing that is configured to hold the mobile
digital device. In some embodiments, a housing that is configured to attach to the
mobile digital device, or to attach to a second housing configured to hold the mobile
digital device. In some embodiments, at least one of the respiratory parameters
determined using said mobile device i1s based on a measurement of the peak expiratory
airflow rate of said user. In some embodiments, said respiratory parameters include at
least one of PEFR and FEV,. In some embodiments, the central axis of the inlet
conduit at the first end of the inlet conduit is substantially parallel or substantially
coaxial with the central axis of the outlet conduit. In some embodiments, a portion of
the mouthpiece or inlet conduit has a central axis that 1s substantially coplanar with
the central axis of the outlet conduit. In some embodiments, the mobile digital
device is a mobile phone, a personal digital assistant, a tablet, or a mobile gaming

platform.
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[0294] In some embodiments, the whistle may include a housing that is configured to
contain a dispenser with medicine for inhaling. In some embodiments, the whistle
may include a medicine delivery channel that extends between the mouthpiece and the
housing to provide a fluid flow pathway for medicine traveling from the dispenser
contained in the housing through the mouthpiece and into the respiratory system of a
user. In some embodiments, the acoustic emissions produced by the whistle are
audible to humans. In some embodiments, the acoustic emissions produced by the

whistle are ultrasonic.

[0295] In some embodiments, the whistle may include at least one of: a human
readable identifier, and an automatic identification tag including at least one of: a bar
code, QR code, an RFID tag, an NFC tag, and a machine-readable tag. In some
embodiments, the whistle may include a mouthpiece cover. In some embodiments,
the mouthpiece cover 1s detachable from the whistle, the whistle further including a
cord or strap that connects the whistle to the mouthpiece cover, whereby the

mouthpiece cover may be detached from the whistle with reduced risk of loss.

[0296] In some embodiments, the mouthpiece cover may further include an open-
ended tubular structure, and a movement constraint structure, usable to constrain
movement between the mouthpiece cover and at least one of the mouthpiece and inlet
conduit, whereby the mouthpiece cover may be moved, in accordance with the
movement constraint structure, towards the distal end of the central cavity, uncovering
the mouthpiece. In some embodiments, the movement constraint structure is a sliding
or twisting movement constraint structure. In some embodiments, the movement
constraint structure further includes at least one detent, whereby the mouthpiece cover

may lock into place relative to at least one of the mouthpiece and the inlet conduit.

[0297] The various embodiments may be implemented on a variety of hand-held
mobile electronic device, an example of which is illustrated in FIG. 27. In the
example illustrated in FIG. 27, the hand-held mobile electronic device 2700 includes a
processor 2701 coupled to internal memory 2702, a display 2704, a speaker 2706, one
or more front-side microphones 2708 and/or microphone arrays for capturing

directional sounds, and one or more back-side microphones 2709 and/or microphone
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arrays for capturing directional sounds present behind the hand-held mobile electronic

device 2700.

[0298] Additionally, the hand-held mobile electronic device 2700 may include an
antenna 2710 for sending and receiving electromagnetic radiation, which may be
connected to a wireless data link and/or cellular telephone transceiver 2711 coupled to
the processor 2701. The hand-held mobile electronic device 2700 may also include
menu selection buttons 2712, rocker switches 2713 or other similar user interface
elements for receiving user inputs or for initiating the process of sampling sounds.
The user interface elements may be implemented as hard key buttons, soft key
buttons, as a touch keys, or any other way of receiving user input for initiating the
sampling of sounds, digitizing the sampled sounds, storing of the digitized sounds in a

memory, etc.

[0299] The hand-held mobile electronic device 2700 may also include a sound
encoding/decoding (CODEC) circuit 2714, which digitizes sound received from a
microphone 2708 into data packets suitable for wireless transmission and decodes
received sound data packets to generate analog signals that are provided to the speaker
2706 to generate sound. Also, one or more of the processor 2701, wireless transceiver
2711 and CODEC 2714 may include a digital signal processor (DSP) circuit (not

shown separately).

[0300] The foregoing method descriptions and the process flow diagrams are
provided merely as illustrative examples and are not intended to require or imply that
the blocks of the various embodiments must be performed in the order presented. As
will be appreciated by one of skill in the art the order of blocks in the foregoing
embodiments may be performed in any order. Words such as “thereafter,” “then,”
“next,” etc. are not intended to limit the order of the blocks; these words are simply
used to guide the reader through the description of the methods. Further, any

13 2% 64
a

reference to claim elements in the singular, for example, using the articles an” or

“the” 1s not to be construed as limiting the element to the singular.
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[0301] The foregoing whistle device descriptions and diagrams are similarly
provided merely as illustrative examples. It should be understood that, in the various
embodiments, certain physical parts described herein may be combined (for instance,
fabricating two functional or logical parts as one physical part) or separated (for
instance, by molding one functional or logical part as two physical parts). As such,
nothing in the specification should be used to limit the claims to a specific

arrangement of physical parts unless expressly recited as such in the claims.

[0302] The various illustrative logical blocks, modules, circuits, and algorithm blocks
described in connection with the embodiments disclosed herein may be implemented
as electronic hardware, computer software, or combinations of both. To clearly
illustrate this interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design constraints
imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the

present invention.

[0303] The foregoing descriptions described in connection with the embodiments
disclosed herein reference the terms “frequency” and “period”. It should be known by
one skilled in the art that frequency and period have the well defined relationship; a
frequency can be specified given a period, and vice-versa. As such, nothing in the
specification should be used to limit the claims to a specific usage of the term

“frequency” or “period”, unless expressly recited in the claims.

[0304] The hardware used to implement the various illustrative logics, logical blocks,
modules, and circuits described in connection with the embodiments disclosed herein
may be implemented or performed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable logic device, discrete gate or

transistor logic, discrete hardware components, or any combination thereof designed
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to perform the functions described herein. A general-purpose processor may be a
microprocessor, but, in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration. Alternatively, some

steps or methods may be performed by circuitry that 1s specific to a given function.

[0305] In one or more exemplary embodiments, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored as one or more instructions or
code on a non-transitory computer-readable medium or non-transitory processor-
readable medium. The steps of a method or algorithm disclosed herein may be
embodied in a processor-executable software module which may reside on a non-
transitory computer-readable or processor-readable storage medium. Non-transitory
computer-readable or processor-readable storage media may be any storage media that
may be accessed by a computer or a processor. By way of example but not limitation,
such non-transitory computer-readable or processor-readable media may include
RAM, ROM, EEPROM, FLLASH memory, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that
may be used to store desired program code in the form of instructions or data
structures and that may be accessed by a computer. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk, and blu-ray disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of the above are also
included within the scope of non-transitory computer-readable and processor-readable
media. Additionally, the operations of a method or algorithm may reside as one or
any combination or set of codes and/or instructions on a non-transitory processor-
readable medium and/or computer-readable medium, which may be incorporated into

a computer program product.

92



WO 2017/049034 PCT/US2016/052058

[0306] The preceding description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments
without departing from the scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the
widest scope consistent with the following claims and the principles and novel

features disclosed herein.

93



WO 2017/049034 PCT/US2016/052058

CLAIMS

What is claimed is:

1. A system comprising;
a whistle having a pre-determined correlation between through-flowing arrflow
per unit time and frequency of acoustic emissions from the whistle: and
a mobile electronic device comprising a memory, a microphone, an electronic
display, and a processor coupled to the memory, the microphone, and the electronic
display,
wherein the processor is configured with processor-executable instructions to
perform operations comprising:
determining a baseline acoustic context;
recording samples via the memory based on information received via the
microphone;
determining a {requency value for an acoustic signal included in the
recorded samples;
determining an expiratory airflow rate value based on the determined
frequency value;
determining a respiratory parameter based on the determined expiratory
airflow rate value;
generating spirometric information based on one or more of:
the recorded samples,
the determined {requency value,
the determined expiratory airflow rate value, and
the determined respiratory parameter; and

rendering the generated spirometric information.

2. The system of claim 1, wherein the processor is configured with processor-

executable instructions to perform operations further comprising:
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determining whether the acoustic signal corresponds to a whistle signal that s
generated by a user performing a forceful exhalation through the whistle based on at
least one of:

the recorded samples,
the determined {requency value, and

the determined baseline acoustic context.

3. The system of claim 1, wherein the processor is configured with processor-
executable instructions to perform operations such that determining the baseline
acoustic context further comprises determining at least one of:

an acoustic feature of the whistle,

an acoustic feature of a user performing a forceful exhalation through the
whistle,

an acoustic environment, and

a recording device feature.

4. The system of claim 1, wherein the processor is configured with processor-
executable instructions to perform operations further comprising:
determining active noises of the recorded samples based on the determined

baseline acoustic context.

5. The system of claim 1, wherein the processor is configured with processor-
executable instructions to perform operations further comprising:
receiving an identifier; and
at least one of the operations of:
performing a validation based on the received identifier, and

identifying the correlation of the whistle based on the received identifier.
6. The system of claim 1, wherein the whistle having a pre-determined correlation

between through-{lowing amr{low per unit ime and frequency of acoustic emissions

from the whistle 1s configured to:
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sense the rate of a user's expiratory airflow as it passes through the whistle;
determine a frequency of acoustic emissions based on the sensed rate; and

send the frequency of acoustic emissions to the mobile electronic device.

7. The system of claim 1, wherein the whistle comprises:
a mouthpiece at a first end of an inlet conduit having a central axis;
an outlet conduit having a central axis;
a central cavity, positioned between the inlet conduit and the outlet conduit,
and having a central axis; and
an airflow guide positioned between the mouthpiece and the central cavity,
wherein:
the airflow guide comprises one or more smooth and continuous
surfaces that guide the user’s expiratory airflow into a vortex within the central
cavity to produce an acoustic emission as the expiratory airflow exits the outlet
conduit;
the whistle has sufficiently low airflow resistance to produce an acoustic
emission that:
is detectable by the mobile electronic device;
corresponds to a peak expiratory airflow rate of the user; and

1s correlated to airflow rate.

8. A method for spiromeltric measurement using a whistle having a pre-determined
correlation between through-fiowing airflow per unit time and frequency of acoustic
emissions {rom the whistle, the method comprising:

determining, via a processor of a mobile electronic device, a baseline acoustic
context;

recording samples based on information received via a microphone of the
mobile electronic device,

determining a frequency value for an acoustic signal included in the recorded

samples;
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determining an expiratory airflow rate value based on the determined frequency
value;
determining a respiratory parameter based on the deternnined expiratory airflow
rate value:
generating spirometric information based on one or more of:
the recorded samples,
the determined frequency value,
the determined expiratory airtlow rate value, and
the determined respiratory parameter; and

rendering the generated spirometric information.

9. The method of claim 8, further comprising:

using at least one of the determined frequency value, the determined baseline
acoustic context, and the recorded samples to determine whether the acoustic signal
corresponds to a whistle signal that 1s generated by a user performing a forceful
exhalation through the whistle,

wherein determining the expiratory airflow rate value based on the determined
frequency value comprises determining the expiratory airflow rate value in response

to determining that the acoustic signal corresponds to the whistle signal.

10. The method of claim 9, further comprising determining a physical location of the
mobile electronic device,

wherein at least one of the operations of determining whether the acoustic
signal corresponds to the whistle signal, determining the expiratory airflow rate value,
and generating the spirometric information are performed based on the determined

physical location of the mobile electronic device.
11. The method of claim 8, wherein determining the baseline acoustic context further

comprises determining at least one of:

an acoustic feature of the whistle,
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an acoustic feature of a user performing a forceful exhalation through the
whistle,
an acoustic environment, and

a recording device feature.

12. The method of claim 8, further comprising:
determining active noises of the recorded samples based on the baseline

acoustic context.

13. The method of claim 8, the method further comprising:
receiving an identifier at the mobile electronic device; and
at least one of the operations of:
performing a validation based on the received identifier, and

identifying the correlation of the whistle based on the received identifier.

14. The method of claim 13, further comprising:

determining whether to limit execution of at least one of the operations of
determining the frequency value for the acoustic signal included in the recorded
samples, determining the expiratory airflow rate value based on the determined
frequency value, determining the respiratory parameter based on the determined
expiratory airflow rate value, and rendering the generated spirometric information

based on a result of the validation.

15. The method of claim 13, further comprising:

rendering a representation of the received identifier;

recelving a user input in response to rendering the representation of the
received identifier; and

updating at least one of the validation and the correlation based on the received

user input.

16. The method of claim 15, further comprising:
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adding the received identifier as a valid identifier for the whistle.

17. The method of claim 8, further comprising transmitting information to a
processing and storage resource via a wireless network, the transmitted information
including at least one of:

a recorded sample,

the determined frequency value,

the determined expiratory airflow rate value,

the determined respiratory parameter, and

a portion of the generated spirometric information.

18. A mobile electronic device, comprising:

a memory;

a microphone {or receiving signals from a whistle having a pre-determined
correlation between through-fiowing airflow per unit time and frequency of acoustic
emissions from the whistle;

an electronic display; and

a processor coupled to the memory, the microphone, and the electronic display,
wherein the processor is configured with processor-executable instructions to perform
operations comprising:

determining a baseline acoustic context;

recording samples via the memory based on mformation received via the
microphone;

determining a {requency value {or an acoustic signal mncluded in the
recorded samples;

determining an expiratory airflow rate value based on the determined
frequency value;

determining a respiratory parameter based on the determined expiratory
airflow rate value;

generating spirometric information based on one or more of:

the recorded samples,
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the determined frequency value,
the determined expiratory airflow rate value, and
the determined respiratory parameter; and

rendering the generated spirometric information.

19. The mobile electronic device of claim 18, wherein the processor 1s configured
with processor-executable instructions to perform operations further comprising:

using at least one of the determined [requency value, the determined baseline
acoustic context, and the recorded samples to determine whether the acoustic signal
corresponds to a whistle signal that 1s generated by a user performing a forceful
exhalation through the whistle,

wherein determining the expiratory airflow rate value based on the determined
frequency value comprises determining the expiratory airflow rate value in response

to determining that the acoustic signal corresponds to the whistle signal.

20. The mobile electronic device of claim 19, wherein:

the processor i1s configured with processor-executable instructions to perform
operations further comprising determining a physical location of the mobile electronic
device; and

the processor i1s configured with processor-executable instructions to perform
operations such that at least one of the operations of determining whether the acoustic
signal corresponds to the whistle signal, determining the expiratory airflow rate value,
and generating the spirometric information are performed based on the determined

physical location of the mobile electronic device.

21. The mobile electronic device of claim 19, wherein the processor is configured
with processor-executable instructions to perform operations such that determining the
baseline acoustic context further comprises determining at least one of:

an acoustic feature of the whistle,

an acoustic feature of the user performing the forceful exhalation through the

whistle,

100



WO 2017/049034 PCT/US2016/052058

an acoustic environment, and

a recording device feature.

22. The mobile electronic device of claim 19, wherein the processor is configured
with processor-executable instructions to perform operations further comprising:
determining active noises of the recorded samples based on the baseline

acoustic context.

23. The mobile electronic device of claim 18, wherein the processor is configured
with processor-executable instructions to perform operations further comprising:
receiving an identifier, and
at least one of the operations of:
performing a validation based on the received identifier, and

identifying the correlation of the whistle based on the received identifier.

24. The mobile electronic device of claim 23, wherein the processor is configured
with processor-executable instructions to perform operations further comprising:
determining whether to limit execution of at least one of the operations of
determining the frequency value for the acoustic signal mcladed i the recorded
samples, determining the expuratory aurflow rate value based on the determined
frequency value, determining the respiratory parameter based on the determined
expiratory airflow rate value, and rendering the generated spirometric information

based on a result of the validation.

25. The mobile electronic device of claim 23, wherein the processor is configured
with processor-executable instructions to perform operations further comprising:

rendering a representation of the received identifier;

recelving a user input in response to rendering the representation of the
received identifier; and

updating at least one of the validation and the correlation, based on the received

user input.
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26. The mobile electronic device of claim 25, wherein the processor is configured
with processor-executable instructions to perform operations further comprising:

adding the received identifier as a valid identifier for the whistle.

27. The mobile electronic device of claim 18, wherein the processor is configured
with processor-executable instructions to perform operations further comprising
transmitting information to a processing and storage resource via a wireless network,
the transmitted information including at least one of:

a recorded sample,

the determined frequency value,

the determined expiratory airflow rate value,

the determined respiratory parameter, and

a portion of the generated spirometric information.

28. A non-transitory computer readable storage medium having stored thereon
processor-executable software instructions configured to cause a processor in a mobile
electronic device to perform operations for spirometric measurement using a whistle
having a pre-determined correlation between through-flowing airflow per unit time
and frequency of acoustic emissions from the whistle, the operations comprising;:

determining a baseline acoustic context;

recording samples based on information received via a microphone of the
mobile electronic device,

determining a {requency value for an acoustic signal mncluded m the recorded
samples;

determining an expiratory airflow rate value based on the determined frequency
value;

determining a respiratory parameter based on the determined expiratory airflow
rate value:

generating spirometric information based on one or more of:

the recorded samples,
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the determined frequency value,
the determined expiratory airflow rate value, and
the determined respiratory parameter; and

rendering the generated spirometric information.

29. The non-transitory computer readable storage medium of claim 28, wherein the
stored processor-executable software instructions are configured to cause a processor
to perform operations further comprising:
determining whether the acoustic signal corresponds to a whistle signal that is

generated by a user performing a forcelul exhalation through the whistle based on at
least one of:

the recorded samples,

the determined {requency value, and

the determined baseline acoustic context.

30. The non-transitory computer readable storage medium of claim 28, wherein the
stored processor-executable software instructions are configured to cause a processor
to perform operations such that determining the baseline acoustic context further
comprises determining at least one of:

an acoustic feature of the whistle,

an acoustic feature of a user performing a forceful exhalation through the
whistle,

an acoustic environment, and

a recording device feature.

31. The non-transitory computer readable storage medium of claim 28, wherein the
stored processor-executable software instructions are configured to cause a processor
to perform operations further comprising:

determining active noises of the recorded samples based on the determined

baseline acoustic context.
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32. The non-transitory computer readable storage medium of claim 28, wherein the
stored processor-executable software instructions are configured to cause a processor
to perform operations further comprising:
receiving an identifier; and
at least one of the operations of:
performing a validation based on the received identifier, and

identifying the correlation of the whistle based on the received identifier.
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