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(57) Abstract: The present application is related with a system (1) and respective method of operation, for controlled and selective
sampling of exhaled air from a predetermined part of the respiratory tree. The system (1) is comprised by two attachable modules:
a portable sampling device (3) and a hardware module (12), controlled by a machine learning software (16) loaded on a processing
device. The technology developed detects and imposes a breathing rhythm to the subject according to its characteristics (age, genre
and physiological condition) and to synchronize the subject's breathing cycle with a representative modelled breathing cycle using the
machine learning process (16). Then, it is predicted the instants for opening/closing the valve (9) to conduct the selected breath portion
into the analyser (17) or collector (18). The system (1) disclosed allows monitoring, diagnosing and assessing medical conditions of
the patient, as well as assessing the inflammation degree of the respiratory airways of the subject.
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DESCRIPTTION

“SYSTEM FOR CONTROLLED AND SELECTIVE SAMPLING OF EXHALED AIR AND
CORRESPONDING OPERATING PROCEDURE”

TECHNICAL FIELD

The ©present application 1s concerned with a system, and
corresponding method of operation, for selectively and
controllably collect pre-determined fractions of exhaled air, for
real time and on-line or posterior (offline) analysis of its

composition.

BACKGROUND ART

For decades, the mammalian exhaled air, containing a complex
mixture of gases, has been analysed as a diagnosis and monitoring
method for multiple diseases. Even so, the understanding of the
clinical 1importance of these gases 1is still increasing. For
example, the detection of a wvariety of volatile components in
breath, such as ammonia or sulphur compounds, provides information
that can be related with a wide range of clinical conditions
including diabetes, kidney dysfunction and liver impairment. More
specifically, carbon dioxide is a known marker of the gas-exchange
function of the lungs; ammonia has been identified as a marker of
gastric disorders; and certain volatile organic compounds (VOCs)
present in exhaled air can be useful for the diagnosis of several
chronic diseases, including chronic inflammatory, lung cancer and
intestinal diseases, as they have been linked to residual
metabolites. Nitric oxide has also been linked to inflammation in

the airways.

Thus, the detection and measurement of exhaled substances may be
useful as a diagnostic and prognostic tool in a wide variety of
medical conditions to assess different wvital organ functions.

Furthermore, the concentration of the substances in the exhaled
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alr varies depending on the respiratory origin of exhaled air to
be analysed, including oral and nasal cavities, esophageal air and
alveolar air. The concentration of most of the VOCs present in the
exhaled air is very low (parts per billion (ppby) or microgram per
litre (ug/L) to parts per trillion (ppty) or nanogram per litre
(ng/L)). The detection of such small amounts in fractions of
exhaled air from different respiratory origins has revealed itself
one of new challenges to overcome in the most recent pulmonary

breath acquisition/monitor devices.

Hitherto, multiple apparatus and methods are used for breath
sampling and subsequent analysis of its chemical composition as
non-invasive diagnostic instruments/tests for the diagnosis of the
above mentioned diseases and others. Some of the problems related

with the current breath tests can be summarized as follows:

i.Incapacity of precisely select the fraction of exhaled air to

collect or analyse;

ii.Inability to collect/analyse only one fraction of exhaled air,
since the great majority of systems uses capnography
procedures. Capnography, defined as the method of monitoring
the concentration or partial pressure of carbon dioxide (CO2)
in the respiratory mixture of gases, has some limitations
because 1t varies with (a) the inherent variation of breath
composition and concentration of each constituent throughout
the breathing cycle; (b) the speed of the breath, which affects
the composition of the mixture between alveclar air and dead
space air; (c) the depth and frequency of breathing, which
control changes from autonomous to conscious breathing, when a

person is asked to provide a sample of breath.

iii.Some breath analysis procedures, such as those utilized in the
analysis of VOCs, need special procedures for collecting and
preparing the samples to prevent undesired sources of error.
Such errors could arise from the presence of VOCs in the ambient
gases and from the presence of undesired factors affecting the

samples, such as the adsorption of breath components in the
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conduits of the device. Subject inconvenience of being

connected to a breath testing instrument for a long time;

iv.Pcor utilization of the breath test instrument, which is not
cost-effective for a single subject to use a Dbreath test

instrument for several hours;

Several patent application documents discuss the state of the art
in breath sampling for its analysis. For example, in WO 2014/110181
Al and WO 2015/143384 Al several methods and systems are described
to automatically obtain and analyse a lung gas sample from the
breath of a person for compositional analysis. WO 2015/143384 Al
introduces the imposition and control of the respiratory rate
dependent on subject characteristics (sex and age). However, these
systems and methods do not comprise an intelligent control software
that "learns' and adapts according with the respiratory
characteristics of the subject, as the technology now developed
contains. Furthermore, it enables a simultaneous analysis of
multiple compounds of the exhaled air instead of analysing a single
compound at a time as suggested by the menticned documents.
Although the referred documents disclose the possibility of
measurement of the temperature of the air of the respiratory
alrways, the possibility to assess the degree of inflammation of
the respiratory airways it is not provided, as it is disclosed in

the present application.

Us 2006/0200037 Al and US 2015/065901 Al disclose a physical
process of acquisition of exhaled air, comprising a sensor (which
measures a characteristic of the exhaled air), valves and a control
module. These components provide a feedback mechanism to assess
the state of the operation or a processor to measure the
acceptability of the breath signal. In addition to similar
components, the technology now developed comprises an intelligent
control software that allows the definition of global variables of
the process, imposes a respiratory rate to the subject (according
to the characteristics of the subject), and synchronizes the breath

cycle of the subject with a representative and modelled respiratory



WO 2018/047058 PCT/IB2017/055322

cycle, which learns and adapts to the subject’s breathing
characteristics. Therefore, the precision in the prediction of the
instants of exhaled air sampling is increased. Additionally, the
technology now developed also allows the analysis of exhaled air
compounds in real time, by coupling the device to an analytic

analyser.

Additicnally, the system developed includes a heating element of
the exhaled air conducting tubes in order to prevent the adsorption
of compounds to the walls of the device; and also includes the
assessment to the degree of inflammation of the respiratory airways

based on the measurement of the temperature of the exhaled air.

Therefore, there 1is an important need for a breath sampling
apparatus which will overcome some o¢f the above-mentioned
disadvantages of ©present Dbreath testing sample collection
procedures. The problems remaining to be solved comprise the
question of how to achieve accurate, selective and repeatable
sampling, how to ensure easy and safe handling, and maybe most
importantly, the issue of sample stability to allow a proper

chemical analysis.

SUMMARY

The present application describes a system for controlled and

selective sampling of exhaled air comprising:

- A portable sampling device comprising at least one ailr sensor

and a diverter wvalve;

- A hardware module connected to the portable sampling device,
configured to receive, process and transmit data from the at least

one alr sensor, and to actuate the diverter wvalve;

- A processing device comprising interface means and processor
means, sald processing device being configured to operate the
hardware module according to a machine learning algorithm based on

the data sent by the hardware module.
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In one embodiment of the system, the portable sampling device has

a t-shaped internal cavity formed by:

- A longitudinal conduilt comprising an ailr sensor conduit in its
inlet port wherein the at least one air sensor is installed, and

an elimination air conduit in its outlet port;

- A vertical conduit, connected to the Ilongitudinal conduit,
comprising an ailr sampling conduit wherein the diverter valve is
installed, and wherein the outlet of the wvertical conduit is

connected to air collected means;

In another embodiment of the system, the portable sampling device
comprises a heating component covering the internal surfaces of
the air sensor conduit air, the elimination air conduit and the

alr sampling conduit.

Yet in another embodiment of the system, the air collected means

are of a reservolir type or analyser type.

Yet 1n another embodiment of the system, a disposable non-
rebreathable mouthpiece 1s attached to the longitudinal inlet

port.

Yet 1in another embodiment of the system, the air sensor is a

temperature sensor.

In another embodiment of the system, the hardware module comprises:

- A signal condition circuit, configured to receive and process

the signal from the air sensor;

- A processing and communication unit, configured to manage the

acquisition and the signal communication to the processing device;
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- An automatic flow switching circuit (15) configured to operate

the diverter valve of the portable sampling device.

The present application alsoc describes a method of operating the
system for controlling and selective sampling of exhaled air
previously described, characterized by being independent of the

subject’s C02 metabolic production and comprising the following

steps:

a) Initialization of the interface means of the processing
device;

b) Configuration of subject-related variables in the processing

device, namely age, genre and physiological conditicons of the
subject such as, but not limited to, seated, lying down or under

effort trials;

c) Configuration of glcobal variables of the acquisition process

in the processing device, including:

- The fraction of interest of exhaled air to sample, according

to the origin of the same;

- The percentage of the valve opening which conducts the exhaled

alr inside a portable sampling device;

- The number of respiratory cycles for the calculation of the

average time of expiration by a machine learning algorithm.

d) Acquisition of exhaled air through disposable and non-
rebreathable mouthpiece, for at least one respiratory cycle and
until it is regular, according with a rhythm previously defined by
the said machine learning algorithm and demonstrated by a graphical
interface, based on the said subject-related variables, collected

in step b);

e) Measuring the exhaled air flow, identifying the endogenous
fraction of exhaled air independently of carbon dioxide metabolism

of the subject, through the temperature variation measured by a
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temperature sensor, for the calculation of the exhaled air flow by

the said machine learning algorithm;

f) Measuring the breathing frequency and the average time of the
respiratory cycle, comprising the inspiratory and expiratory

phases, by the machine learning algorithm;

g) Synchronizing the acguired respiratory cycle with the
respiratory cycle learned and modeled during the steps d) to f) by

the machine learning algorithm;

h) Calculating the average time of expiration, by the said
machine learning algorithm for the adjustment of the

representative and modeled respiratory cycle;

i) Prediction of the instants of collection of exhaled air

fraction of interest by said machine learning algorithm;

J) Heating the internal parts of the air sensor conduit,
elimination air conduit and air sampling conduit of said portable

sampling device, by means of the heating component;

k) Sending the instants for exhaled air acquisition predicted in

i) to the processing and communication unit of the hardware module;

1) Said unit actuates on a valve of the device that when closed
conducts the exhaled air fraction of interest to an elimination
outlet of said portable sampling device, and when open conducts
the exhaled air fraction of interest to a sampling outlet of said

device;

m) Collection of exhaled air fraction of interest by said

portable sampling device.

In one embodiment of the method, the exhaled air fraction of
interest to be collected has several origins, namely mouth, nasal,

esophageal and alveolar air.
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In another embodiment of the method, the exhaled air fraction of
interest is collected and derived from a single respiratory cycle

being available for real time analysis by the analytical equipment.

Yet in another embodiment of the method, the exhaled air fraction
of interested is collected and derived from multiple respiratory

cycles being conducted to a sample reservoir.

The present application also describes the use of the system now
developed for collecting the exhaled air fraction of interest for

analysis of its chemical composition.

Besides that, the present application also describes the use of
the system now developed for detection of the inflammatory state
of the respiratory airways through the measurement of the
temperature of the exhaled air by the temperature sensor during a

respiratory cycle.

GENERAL DESCRIPTION

The present application relates to a system and respective method
of operation, for selectively and controllably collect exhaled air
from different respiratory origins, namely, but not limited to,
oral cavity, esophageal air and alveolar air, independently of the
subject’s metabolic production of COz. The air fraction 1is
available for real time analysis of 1its chemical composition or
simply collected for future analysis. The system is comprised by
two attachable modules: the portable sampling device and the
hardware module, contrclled by a machine learning software loaded

on a processing device.

The portable sampling device is comprised by a T-shaped internal

cavity which can be sized and shaped to enclocse at least an air
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sensor and a diverter valve. Moreover, the portable sampling device
can enclose various alr conduits, such as, but not limited to, an
alr sensor conduit, an elimination air conduit, and an air sampling
conduit. A disposable non-rebreathable mouthpiece is attached to

a longitudinal inlet of the portable sampling device.

The said air sensor of the portable sampling device is configured
to directly or indirectly detect the different phases of the
respiratory cycle of a subject, by using several types of sensors,
such as, but not limited to, flow sensors, alrway pressure sensors,
capnometers, breath sound sensors and thermal senscrs. Due to the
possibility of correlating the variation of temperature of the
exhaled air with the air flow of exhaled air and, since the
temperature is a marker of pathological factors and important as
a measure of physiological events, the portable sampling device
can comprise a sensor of temperature. Depending on the variation
of temperature of the exhaled air recorded in the sensor of
temperature of the portable sampling device a different output
will Dbe produced. It is also configured to be capable of being
connected to the portable sampling device in the air sensor conduit
and its replacement 1s allowed after a significant number of
utilizations, in order tc maintain the full capacities of the

system.

The valve of the portable sampling device can be configured to be
responsive to a gate signal transmitted by the hardware module,
indicated by the machine learning software, and to automatically
change its position according to such gate signal. The type of
automatic valve which can be used for this purpose may vary. Since
the hardware module of the system is an electronic device, a
solenoid valve can be electromechanically actuated by controlling
an electric current flowing through a coil, which switches the
output of the exhaled air flow between two valve ports. It can be
appreciated that this technology is not limited in this regard and
any suitable electrical or mechanical valve can be used to divert
the exhaled air in the portable sampling device. By default, the

flow 1s directed to the normally open port when the said valve is
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not operated. When the intelligent software algorithm determines
the change of position of said valve, from position a (closed) to
position b (open), the said wvalve can selectively conduct a
predetermined fraction of the flow of exhaled air passing through
the longitudinal elimination air conduit to the respective
elimination outlet of the portable sampling device, or through the
alr sampling conduit to the vertical outlet. When the valve is in
position a, the flow of exhaled air which circulates through the
sensor air conduit, 1s then directed through the longitudinal
conduit and exits through the longitudinal elimination outlet of
the portable sampling device. Also if the valve is in position a,
the flow of exhaled air passing by the sampling air conduit, bellow
the valve, 1s 1nexistent. However, when the valve is in position
b, the flow o0f exhaled air circulates through the sensor air
conduit and is then diverted through the sampling air conduit
vertically disposed, where the fraction of the flow of exhaled air
can elither be collected in the air sample reservolr or directly
and real-time analyzed in the analytical analyser coupled to the
system. The analytical analyzer can be selected from the group of:
chemical, electrical, optical and chromatographic analyzers. It
can be noted that the system is not limited in this regard and any
suitable analyzer can be used to precisely determine the chemical

composition of exhaled air samples.

The portable sampling device also comprises a heating component
covering 1ts internal surface. The said heating component 1is
configured to actuate during the overall process of acquisition of
exhaled air in order to avoid particle condensation and the
adsorption of exhaled air constituents to the internal walls of

the air conduits of the portable sampling device.

The hardware module is configured to control the overall system by
modeling the signal acquired by the air sensor and determining the
actions to be taken in order to affect the direction of the exhaled
alr, controlled by the position of the wvalve. The said hardware
module is, thus, responsive to the air sensor and to the machine

learning software of the system since 1t receives, processes and

10
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transmits signals between the remaining components of the system.

This hardware module comprises:

- A signal conditioning circuit, configured to receive and
process the signal from the air sensor of the said portable
sampling device, in order to allow a better use of the analog
digital converter (ADC) by obtaining an amplified signal;

- A processing and communication unit which manages the
acquisition and the signal communication to the processing
device where the machine learning software is loaded;

- And an automatic flow switching circuit that affects the

steering flow of exhaled air by the wvalve.

The processing and communication unit is configured to create a
gate signal when the digital output of the ADC transitions to a
high logical level, becoming the transistor of the automatic flow
switching circuit in saturation, allowing the passage of current
to the wvalve and causing the flow of air to pass through the air
sampling conduit. If the ADC digital output is at a low logical
level, the transistor is cut and there is no current flow to the
valve, which i1mplies that the air flow exits through the

elimination air conduit.

The system also includes a machine learning software which is
responsive to the hardware module and comprises a graphical
interface to interact with the subject/operator, allowing the
definition of global features and assessment of the state of the
operation. Said machine learning software alsoc includes an
internal algorithm to control the device functioning and to
determine the precise moment for selectively sampling exhaled air,

through a machine learning process.

The algorithm implemented in the machine learning software of the
system comprises a digital filter in order to acquire the signal
obtained from the air sensor with as minimal noise as possible,
ensuring, at the same time, no loss of information. The algorithm

is configured to:

11
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Measure the respiratory flow, and to identify the endogenous
fraction of the exhaled air, independently of the carbon
dioxide metabolism of the subject, through the air sensor’s
processed signal, thereby calculating the flow of exhaled
air;

- Effectively detect the breathing frequency of the subject;

- Distinguish between inspiratory and expiratory breath phases,
based on the detection of maxima and minima of the sensor-
processed signal;

- Synchronize the breath c¢ycle of the subject with a
representative and modelled breath cycle through at least
three complete respiratory cycles. The imposition of a breath
pace rhythm to the subject, by the graphical interface and
according with the global features of the subject, allows a
fast synchronization of breath rhythms and, consequently,
less time of acqguisition of the predetermined portion of
exhaled air.

- Determine the average time of expiration in order to select
a predetermined fraction of the expiration interval, which is
dependent of the respiratory origin of the exhaled air;

- Calculate the average tTime of expiration of the subject,

defined by the time difference between a maximum and a

subseguent minimum, according with a number of breath cycles

that the operator selects in the graphical interface of the

machine learning software.

The machine learning process related with the system is based on
the continuous calculation and saving of the average time of
expiration wvalues, allowing the prediction of the time of
occurrence of a new expiration and, consequently, the prediction
of the precise time-frame for the acquisition of the fraction of
exhaled air to sample. This ability, coupled with the
synchronization mechanism, makes said system capable of

interpreting different breathing rhythms from subject to subject

12
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and allows a more precise and less time consuming acquisition of

the predetermined portion of exhaled air.

After the prediction of the moments of breath sampling during
exhalation, the machine learning software 1is configured to
transmit that information to the hardware module which operates on

the valve, through a gate signal, as described above.

The graphical interface of the machine learning software can be
used to define the global operating variables such as, but not
limited to, the fraction of exhaled air to collect/analyze, the
percentage of aperture of the valve and the number of cycles used
to determine the average time of expiration. Said graphical
interface of the machine learning software (16) also allows
defining subject-related wvariables, such as, but not limited to
genre, age and physiological conditions (seated, lying down or
under effort trial), to start and stop the acquisition process and
to save data for later analysis. The graphical interface also
provides simultaneously feedback indicators for communicating with
the subject/operator. Said feedback indicators represent a
central part of the present technology, since the breathing rhythm
can be followed by the subject, according to the global subject-
related variables previously defined, and the state of functioning
of the wvalve (open or closed). This information can be displayed
in an animated way (for the breath cycle synchronization) or
graphically, such as the treated signal obtained by the air sensor,
that can be used as a feedback indicator. However, this technology
is not limited in this regard and other types of indicators can be

used with this purpose.

After the connection of all components to the processing device
the graphical interface is initiated. The operator first defines
the global operating and the subject-related variables. The global
operating variables include, but are not limited to, the selection
of the fraction of exhaled air to collect/analyze (mouth, nasal,
esophageal or alveoclar air); the percentage of aperture of the

valve; and the number of respiratory cycles for determining the

13
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average time of expiration by the algorithm. The said subject-
related variables include, but are not limited to, the genre, age
and subject physiological conditions (seated, lying down or under
effort trial). The subject is then asked to exhale into the non-
rebreathable mouthpiece, which is already attached to the portable
sampling device. During this step, and as the subject breathes
into the portable sampling device through the mouthpiece, the
operator must verify that the subject’s breathing rhythm follows
a regular behavior, according to the breathing pace, previously
defined by the subject-related variables, and displayed 1in the
graphical interface. Next, the electrical signal produced by the
alr sensor is then processed and transmitted by the hardware module

to the machine learning algorithm.

Said algorithm then determines a set of parameters, through the
analysis of the signal produced by the air sensor and transmitted
by the hardware module. The said parameters are critical for the
procedure of sampling the exhaled air fraction of interest and
include (i) the respiratory flow, with identification of the
endogenous fraction of exhaled air independently of carbon dioxide
metabolism of the subject; (ii) the exhaled air flow; (iii) the
breathing frequency and (iv) the average time of the respiratory

cycle, which comprises the inspiratory and expiratory phases.

Subsequently, the synchronization between the breath cycle of the
subject and a representative and modeled breath cycle of the
algorithm is evaluated by the machine learning algorithm. If this
synchronization does not occur during three completed respiratory
cycles, the subject is informed by the graphical interface so that
the subject corrects his breathing cycle, by imposing a breathing
rhythm. As soon as the said synchronization occurs, the average
time of expiration is calculated by the machine learning algorithm,
for the previously predefined number of cycles, enabling the
process of machine learning and the prediction of the exact moments
for exhaled air fraction ccllection. The prediction of said exact
moments for the collecticon of the fracticon of interest of exhaled

alr 1is related with the region of interest, of the subject’s

14
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respiratory signal, during exhalation. These regions of interest
for collection of the exhaled air fraction of interest are defined
according with a percentage of the subject’s exhalation during its
respiratory cycle. After this prediction, the feedback indicator

144

“state of aperture of the valve (closed or open)” is communicated
to the operator. The machine learning algorithm then transmits the
moments of exhaled air acquisition to the processing and
communication unit of the hardware module, which actuates on the
automatic flow switching circuit by generating and transmitting a
gate signal to the wvalve, for a period of time dependent on the
fraction of interest of exhaled air to collect. The valve can then
selectively gate the fraction of interest of the exhaled air flow.
The said fraction of interest of the exhaled air flow can be stored
in an air <collection reservoir or directly analyzed 1in the
analytical analyzer. Lastly, the presence of chemical compounds in
the fraction of interest of exhaled air can be detected, whether
offline or in real time. Then, the operator can optionally write
comments that have elapsed during the acquisition process and save

them along with the acguisition data.

BRIEF DESCRIPTION OF THE FIGURES

For an easier understanding of the technology developed figures
are attached, which represent preferred embodiments which,
however, are not intended to 1imit the scope of the present

application.

FIGURES 1 and 2 illustrate a schematic view of the system for
controlled and selective sampling of exhaled air, in which (1)
represents the system, (2) the mouthpiece, (3) the portable
sampling device which comprises: the inlet(4), the air sensor (5),
the air sensor conduit (6), the elimination air conduit (7), the
elimination outlet (8), the wvalve (9), the air sampling conduit
(10) and the sampling outlet (11). The hardware module of the

device (12) comprises: the signal conditioning circuit (13), the

15
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processing and communication unit (14) and the automatic flow
switching circuit (15). In both figures is also represented the
machine learning software (16), the analytical analyzer (17), the

collection reservoir (18) and the heating component (19).

FIGURE 3 illustrates a schematic view of the method for selectively
collecting exhaled air, wherein the reference signs represents the

steps of:

20 — Definition of wvariables for the process and from the

subject;

21 - Subject exhaling through the mouthpiece during multiple

exhalations;

22 - Sensing the temperature of the exhaled air from the
subject;
23 — Determination of respiratory parameters and phases

(inspiration and expiration);

24 - Breath cycle of subject 1is synchronized with the

mathematically simulated one;

25 — Communicate with the subject to impose a steady breath
rhythm;

26 — Prediction of the moments for breath acquisition;

27 — Generate gate signal for predetermined period of time;

28 — Selectively gate a predetermined portion of flow of

exhaled air;

29 - Initiate selectively acquisition of &a predetermined

portion of flow of exhaled air toc the collection reservoir;

30 - Initiate selectively acquisition of a predetermined

portion of flow of exhaled air to the analytical analyzer;

31 — Detect presence of chemical compounds in a predetermined

portion of exhaled air.

FIGURE 4 shows a representative graph of the synchronization

between an acquired respiratory signal of a subject with a normal

16
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breathing rhythm (32), with the signal of the representative and
modeled respiratory cycle (33) by the machine learning scftware
(16) algorithm, obtained by the subject’s breathing pace
imposition and the machine learning mechanism. In FIGURE 4, and as
example, it 1s also represented the time-frame related with

alveclar ailr ccllection (34).

DETATLLED DESCRIPTION

The present application relates to a system (1) and respective
method of operation, for selectively and controllably collect
exhaled air coming from different respiratory origins, namely, but
not limited to, oral and nasal cavities, esophageal air and
alveolar air, independently of the metabolic production of CO:.
The exhaled air fraction of interest is available for real time
analysis of its chemical composition or simply collected for future
analysis, without adapting the configuration of the system. In a
preferred embodiment, the system (1) is comprised by two attachable
modules: the portable sampling device (3) and the hardware module
(12), controlled by a machine learning software (16) loaded on a

processing device.

The portable sampling device (3) includes a T-shaped internal
cavity which can be sized and shaped to enclcse at least an air
sensor (5) and a diverter valve (9). Moreover, the portable
sampling device (3) can enclose various air conduits, such as, but
not limited to, an air sensor conduit (6), an elimination air
conduit (7), and an air sample conduit (10). A disposable non-
rebreathable mouthpiece (2) 1s attached to a longitudinal inlet

(4) of the portable sampling device (3).

In the present embodiment, the said air sensor (5) of the portable
sampling device (3) 1s configured to indirectly detect a flow of
exhaled air from a subject, trough temperature. The said air sensor

(5) can be, but is not limited to, a coated precision solid state
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temperature sensor, able to read temperatures ranging from 0° to

70°C.

The valve (9) of the portable sampling device (3) can be configured
to be responsive to a gate signal transmitted by the hardware
module (12) by indication of the machine learning software (16)
and to automatically change its position according to such gate
signal. In this preferred embodiment, the portable sampling device
(3) comprises a solenoid valve (9) which has a common input and
two outputs: one normally closed and another normally open. By
default, the flow is directed to the normally open port when the
sald valve (9) is not operated. When the intelligent software (16)
algorithm determines the change of position of said valve (9),
from the position a (closed) to the position b (open), the said
valve (9) can selectively conduct a predetermined fraction of the
flow of exhaled air passing through the longitudinal elimination
alr conduit (7) to the respective sampling outlet (8) of the
portable sampling device (3) or through the air sampling conduilt
(10) to the vertical outlet (11). When the valve (9) is in position
a, the flow of exhaled air which circulates through the sensor air
conduit (6), i1s then directed through the longitudinal conduit (7)
and exits through the longitudinal elimination outlet (8) of the
portable sampling device (3). Also if the valve (9) is in position
a, the flow of exhaled air passing by the sampling air conduit
(10), bellow the valve (9), 1s inexistent. However, when the valve
(9) is 1in position b, the flow of exhaled air circulates through
the sensor air conduit (6) and 1is then diverted through the
sampling air conduit (10) vertically disposed, where the fraction
of the flow of exhaled air can either be collected 1in the air
sample reservoir (18) or directly and real-time analyzed 1in the

analytical analyser (l17) coupled to the system (1).

The portable sampling device (3) also comprises a heating component
(19) covering 1ts internal surface. The said heating component
(19) 1is configured to actuate during the overall process of

acquisition of exhaled air.
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The hardware module (12) is configured to control the overall
system (1) Dby modeling the signal acquired by the temperature
sensor (5) and determining the actions to be taken in order to
affect the direction of the exhaled air, controlled by the position
of the wvalve (9). The said hardware module (12) 1is, thus,
responsive to the temperature sensor (5) and to the machine
learning software (16) of the system (1) since 1t receives,
processes and transmits signals between the remaining components

of the system (1). This hardware module (12) comprises:

- A signal conditioning circuit (13), configured to receive and
process the signal from the temperature sensor (5) of the
sald portable sampling device (3), in order to allow a better
use of the analog digital converter (ADC) by obtaining an
amplified signal;

- A processing and communication unit (14) which manages the
acquisition and the signal communication to the processing
device where 1s loaded the machine learning software (16);

- And an automatic flow switching circuit (15) that affects the

direction of the flow of exhaled air by the valve (9).

The processing and communication unit (14) is configured to create
a gate signal when the digital output of the ADC transitions to a
high logical level, becoming the transistor of the automatic flow
switching circuit (15) in saturation, allowing the passage of
current to the wvalve (9) and causing the flow of air to pass
through the air sampling conduit (10). If the ADC digital output
is at a low logical level, the transistor is cut and there is no
current flow to the wvalve (9), which implies that the air flow
exits through the elimination air conduit (7). According to the
preferred embodiment presented in Figure 1, the hardware module
(12) also includes a connection with the portable sampling device
(3) and with the processing device where the corresponded machine

learning software (16) 1is loaded.

The system (1) also includes a machine learning software (16) which

is responsive to the hardware module (12) and comprises a graphical
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interface to interact with the subject/operator, allowing the
definition of global features and assessment of the state of the
operation, and an internal algorithm to control the system (1)
functioning and to determine the precise moment for selectively

sampling exhaled air.

The algorithm implemented in the machine learning software (16) of
the system (1) comprises a digital filter in order to acguire the
temperature signal with as minimal noise as possible, ensuring, at
the same time, no loss of information. The algorithm is configured

to:

- Measure the respiratory flow, and to identify the endogenous
fraction of the exhaled air independently of the carbon
dioxide metabolism of the subject, through the wvariation of
temperature sensed by the temperature sensor (5), thereby
calculating the flow of exhaled air;

- Effectively detect the breathing frequency of the subject;

- Distinguish between inspiratory and expiratory breath phases,
based on the detection of maxima and minima of the
temperature-processed signal;

- Synchronize the breath c¢ycle of the subject with a
representative and modeled respiratory cycle through at least
three complete respiratory cycles. The imposition of a breath
pace rhythm to the subject, by the graphical interface and
according with the global features of the subject, allows a
fast synchronization of breath rhythms and, consequently,
less LTime of acquisition of the predetermined portion of
exhaled air;

- Determine the average time of expiration in order to select
a predetermined fraction of the expiration interval, which is
dependent of the respiratory origin of the exhaled air;

- Calculate the average tTime of expiration of the subject,
defined Dby the time difference between a maximum and a
subsegquent minimum, according with a number of breath cycles
that the operator selects in the graphical interface of the

machine learning software (16).
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The machine learning process related with the system (1) is based
on the continuous calculation and saving of the average time of
explration values, allowing the prediction of the time of
occurrence of a new expiration and, consequently, the prediction
of the precise time-frame for the acquisition of the fraction of

exhaled air to sample.

After the prediction of the moments of breath sampling during
exhalation, the machine learning software (16) is configured to
transmit that information to the hardware module (12) which
operates on the valve (9), through a gate signal, as described

above.

The graphical interface of the machine learning software (16) can
be used to define the global variables of the operation such as,

but not limited to,
- The fraction of exhaled air to collect/analyze;
- The percentage of the aperture of the valve (9);

- And the number of cycles used to determine the average time of

expiration.

The graphical interface of the machine learning software (16) also
allows defining subject wvariables, such as, but not limited to
genre, age and physiological conditions (seated, 1lying down or
under effort trial), to start and stop the acquisition process and
to keep data for later analysis. The graphical interface also
provides simultaneously feedback indicators for communicating with
the subject/operator, either showing the breath cycle
synchronization animation or the treated signal obtained by the
temperature sensor (5). In this preferred embodiment, the
operation procedure starts by connecting all components to a
processing device where the machine learning software (16) is
loaded. The graphical interface of the machine learning software
(16) must then be initiated. The operator first defines the global
operating and subject-related variables (20). The global cperating

variables include the selection of the fraction of exhaled air to
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collect/analyze (mouth, nasal, esophageal or alveolar air), the
percentage of aperture of the wvalve (9) and the number of
respiratory cycles for determining the average time of expiration
by the algorithm. The subject-related variables include genre, age
and subject physiological conditions (seated, lying down or under
effort trial). The subject i1s then asked to exhale (21) into the
non-rebreathable mouthpiece (2), which is already attached to the
portable sampling device (3). During this step (21), and as the
subject breathes into the portable sampling device (3) through the
mouthpiece (2), the operator must verify that the subject’s
breathing rhythm follows a regular behavior, according to the
breathing pace, previously defined by the subject-dependent
variables, and displayed in the graphical interface of the machine
learning software (16). Next, the temperature of the exhaled air
is sensed by the temperature sensor (5) in the form of an
electrical signal (22) which is then processed and transmitted by

the hardware module (12) to the machine learning software (16).

The algorithm of the machine learning software (16) then determines
a set of parameters (23), through the analysis of the signal
produced by the sensor of temperature (5) and transmitted by the
hardware module (12). The said parameters are critical for the
procedure of sampling the exhaled air fraction of interest and
include (i) the respiratory flow, with identification of the
endogenous fraction of exhaled air independently of carbon dioxide
metabolism of the individual; (ii) the exhaled air flow; (iii) the
breathing frequency and (iv) the average time of the respiratory

cycle which comprises the inspiratory and expiratory phases.

Subsequently, the synchronization between the breath cycle of the
subject (32) and a representative and modeled breath cycle (33) of
the algorithm is evaluated (24) by the machine learning software
(16) . If this synchronization does not occur during three completed
respiratory cycles, the subject is informed by the graphical
interface (25) so that the subject corrects his breathing cycle,
by imposing a breath rhythm. As soon as the said synchronization

occurs, the average time of expiration is calculated (26) by the
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algorithm of the machine learning software (16) for three
respiratory cycles enabling the process of machine learning and
the prediction of the exact moments for exhaled air fraction
acqguisition (26). As example, the prediction of said exact moments
for alveolar air collection is related with the region of interest
(34) of the subject’s respiratory signal (32), during exhalation.
After this prediction, the feedback indicator “state of aperture
of the valve” (close or open) is communicated to the operator. The
machine learning software (16) then transmits the moments of
exhaled air acquisition to the processing and communication unit
(14) of the hardware module (12) which actuates on the automatic
flow switching circuit (15) by generating and transmitting a gate
signal to the wvalve (9) for a period of time dependent on the
fraction of exhaled air to collect (27). The wvalve (9) can then
selectively gate the fraction of interest of the exhaled air flow.
The said fraction of interest of the exhaled air flow can then be
stored in an air collection reservoir (29), or directly analyzed
in the analytical analyzer (30). Lastly, the presence of chemical
compounds in the fraction of interest of exhaled air can be
detected (31) whether offline (29) or in real time (30). Then, the
operator can opticnally write comments that have elapsed during
the acquisition process and save them along with the acquisition

data.

Although the technology has been described with regard to its
preferred embodiments, 1t should be understood that numerous
modifications, changes, variations, substitutions and equivalents
may be made by someone skilled in the art, without departing from

the scope of the technology.

EXAMPLES OF APLLICATION
The ability to precisely sample a fraction of interest of the

exhaled air according with its respiratory origin, allows real

time or posterior (online or offline) analysis of composition of
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said fraction of exhaled air. The knowledge of this composition
allows to monitor and to help diagnose several diseases based on
the abnormal concentration of already known biomarkers related to
such diseases. The compositicnal analysis of exhaled air fraction
samples maybe linked to a broad diversity of diseases that include:
chronic inflammatory respiratory and lung diseases, cancer,
diabetes, kidney dysfunction, liver impairment, intoxications,

viral or bacterial infections, intestinal diseases among others.

Furthermore, the evaluation of temperature of the exhaled air
during a single or multiple respiratory cycles allows the detection
of the inflammatory state of the respiratory airways of the

subject.
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CLAIMS

1. A system for controlled and selective sampling of exhaled

alr comprising:

- A portable sampling device (3) comprising at least one air

sensor (5) and a diverter wvalve (9);

- A hardware module (12) connected to the portable sampling
device (3), configured to receive, process and transmit data
from the at least one air sensor (5), and to actuate the diverter

valve (9);

- A processing device comprising interface means and processor
means, sald processing device being configured to operate the
hardware module (12) according to a machine learning algorithm

based on the data sent by the hardware module (12).

2. System according to claim 1, wherein the portable sampling

device (3) has a t-shaped internal cavity formed by:

- A longitudinal conduit comprising an air sensor conduit (6) in
its inlet port (4) wherein the at least one air sensor (5) is
installed, and an elimination air conduit (7) in its outlet port

(8)7

- A vertical conduit, connected to the longitudinal conduit,
comprising an air sampling conduit (10) wherein the diverter
valve (9) 1s installed, and wherein the outlet of the vertical

condult is connected to air collected means;

3. System according to claim 2, wherein the portable sampling
device (3) comprises a heating component (19) covering the
internal surfaces of the air sensor conduit air (6), the

elimination air conduit (7) and the air sampling conduit (10).
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4. System according to claim 2, wherein in the air collected

means are of a reservoir type (18) or analyser type (17).

5. System according to claim 2, wherein a disposable non-
rebreathable mouthpiece is attached to the longitudinal inlet

port.

6. System according to claim 2, wherein the air sensor 1is a

temperature sensor.

7. System according to claims 1-6, wherein the hardware module

comprises:

- A signal condition circuit (13), configured to receive and

process the signal from the air sensor (5);

- A processing and communication unit (14), configured to manage
the acquisition and the signal communication to the processing

device;

- An automatic flow switching circuit (15) configured to operate

the diverter valve (9) of the portable sampling device (3).

8. Method of operating the system for controlling and selective
sampling of exhaled air executed of claims 1 to 7, characterized
by being independent of the subject’s C02 metabolic production

and comprising the following steps:

a) Initialization of the interface means of the processing

device;

b) Configuration of subject-related variables in the

processing device, namely age, genre and physiological
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conditions of the subject such as, but not limited to, seated,

lying down or under effort trials;

c) Configuration of global wvariables of the acquisition

process in the processing device, including:

- The fraction of interest of exhaled air to sample, according

to the origin of the same;

- The percentage of the valve (9) opening which conducts the

exhaled air inside a portable sampling device (3);

- The number of respiratory cycles for the calculation of the

average time of expiration by a machine learning algorithm.

d) Acquisition of exhaled air through disposable and non-
rebreathable mouthpiece (2), for at least one respiratory cycle
and until it is regular, according with a rhythm previously
defined by the said machine learning algorithm and demonstrated
by a graphical interface, based on the said subject-related

variables, collected in step b);

e) Measuring the exhaled air flow, identifying the endogenous
fraction of exhaled air independently of carbon dioxide
metabolism of the subject, through the temperature wvariation
measured by a temperature sensor (5), for the calculation of the

exhaled air flow by the said machine learning algorithm;

£) Measuring the breathing frequency and the average time of
the respiratory cycle, comprising the inspiratory and expiratory

phases, by the machine learning algorithm;

g) Synchronizing the acquired respiratory cycle with the
respiratory cycle learned and modeled during the steps d) to f)

by the machine learning algorithm;

h) Calculating the average time of expiration, by the said
machine learning algorithm for the adjustment of the

representative and modeled respiratory cycle;
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i) Prediction of the instants of collection of exhaled air

fraction of interest by said machine learning algorithm;

J) Heating the internal parts of the air sensor conduit (6),
elimination air conduit (7) and air sampling conduit (10) of
said portable sampling device (3), by means of the heating

component (19);

k) Sending the instants for exhaled air acgquisition predicted
in 1) to the processing and communication unit (14) of the

hardware module (12);

1) Said unit (14) actuates on a valve (9) of the device (3)
that when closed conducts the exhaled air fraction of interest
to an elimination outlet (8) of said portable sampling device
(3), and when open conducts the exhaled air fraction of interest

to a sampling outlet (11) of said device (3);

m) Collection of exhaled air fraction of interest by said

portable sampling device (3).

9. Method, according to claim 8, characterized by the exhaled
alr fraction of interest to be collected has several origins,

namely mouth, nasal, esophageal and alveolar air.

10. Method, according to claim 8, characterized by the exhaled
air fraction of interest is collected and derived from a single
respiratory cycle, being available for real time analysis by the

analytical equipment (17).

11. Method, according to claim 8, characterized by the exhaled
alr fraction of interested is collected and derived from multiple

respiratory cycles being conducted to a sample reservoir (18).
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12. System, according to claims 1 to 7, used for collecting the
exhaled air fraction of interest for analysis of its chemical

composition.

13. System, according to claims 1-7, used for detection of the
inflammatory state of the respiratory airways through the
measurement of the temperature of the exhaled air by the

temperature sensor (5) during a respiratory cycle.
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