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SYSTEM, METHOD AND RECORDING
MEDIUM FOR DETERMINING A
REMEDIATION ACTION

BACKGROUND

[0001] The present invention relates generally to a system
and method for determining a remediation action, and more
generally, but not by way of limitation, to a method of
determining a remediation action based on a detected acous-
tic event and a detected environmental condition.

[0002] Chronic respiratory disease (CRD) triggers vary
greatly from person-to-person. In many cases, it is very hard
for an affected person to clearly identify a factor that induces
CRD. Further, detection of a CRD-related condition typi-
cally requires specific testing, which is time-consuming,
difficult and can be very expensive.

SUMMARY

[0003] An exemplary aspect of the present invention is
directed to a computer-implemented method of determining
a remediation action. The method includes detecting an
acoustic event in a vehicle, detecting an environmental
condition in the vehicle, detecting a respiratory disease
symptom of a passenger in the vehicle based on the detected
acoustic event, correlating the detected respiratory disease
symptom with the environmental condition in the vehicle,
and determining a remediation action for the detected respi-
ratory disease symptom.

[0004] Another exemplary aspect of the present invention
is directed to a system for determining a remediation action.
The system includes an acoustic event detector for detecting
an acoustic event in vehicle, an environmental condition
detector for detecting an environmental condition, and a
remediation action determining device for detecting a respi-
ratory disease symptom of a passenger in the vehicle based
on the detected acoustic event, correlating the detected
respiratory disease symptom with the environmental condi-
tion in the vehicle, and determining a remediation action for
the detected respiratory disease symptom.

[0005] Another exemplary aspect of the present invention
is directed to a computer readable storage medium storing a
program of instructions executable by a machine to perform
a method of determining a remediation action. The method
includes detecting an acoustic event in a vehicle, detecting
an environmental condition in the vehicle, detecting a respi-
ratory disease symptom of a passenger in the vehicle based
on the detected acoustic event, correlating the detected
respiratory disease symptom with the environmental condi-
tion in the vehicle, and determining a remediation action for
the detected respiratory disease symptom.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The exemplary aspects of the present invention will
be better understood from the following detailed description
of the exemplary embodiments of the invention with refer-
ence to the drawings, in which:

[0007] FIG. 1 illustrates a method 100 of determining a
remediation action, according to an exemplary aspect of the
present invention;

[0008] FIG. 2 illustrates a block diagram 200 for deter-
mining a remediation action according to an exemplary
aspect of the present invention;
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[0009] FIG. 3 illustrates an embodiment of a system 300
for determining a remediation action, according to another
exemplary aspect of the present invention.

[0010] FIG. 4 illustrates a more detailed embodiment of
the system depicted in FIG. 3, in accordance with the present
invention;

[0011] FIG. 5 illustrates a profiling correlation builder and
enhancer 530d, according to an exemplary aspect of the
present invention.

[0012] FIG. 6 illustrates a method 600 of monitoring a
remediation action, according to an exemplary aspect of the
present invention;

[0013] FIG. 7 illustrates an air quality evaluation module
730¢ and profiling builder and enhancer module 7304,
according to another exemplary aspect of the present inven-
tion;

[0014] FIG. 8 is a more detailed illustration of the iden-
tifier module 530a, according to another exemplary aspect
of the present invention.

[0015] FIG. 9 depicts a cloud computing node according
to an exemplary aspect of the present invention;

[0016] FIG. 10 depicts a cloud computing environment 50
according to an exemplary aspect of the present invention;
and

[0017] FIG. 11 depicts abstraction model layers according
to an exemplary aspect of the present invention.

DETAILED DESCRIPTION

[0018] The invention will now be described with reference
to FIGS. 1-11, in which like reference numerals refer to like
parts throughout. It is emphasized that, according to com-
mon practice, the various features of the drawing are not
necessarily to scale. On the contrary, the dimensions of the
various features can be arbitrarily expanded or reduced for
clarity. Exemplary embodiments are provided below for
illustration purposes and do not limit the claims.

[0019] A problem with conventional systems and meth-
ods, is that they do not determine a remediation action based
on a detected acoustic event in a vehicle, and a detected
environmental condition. Therefore, conventional systems
and methods are not helpful in alleviating or stopping a
symptom (e.g., CRD) symptom) of a passenger in the
vehicle.

[0020] In contrast, the exemplary aspects of the present
invention determines a remediation action based on a
detected acoustic event in the vehicle, and a detected envi-
ronmental condition, and may, therefore, help to alleviate or
stop a symptom (e.g., a CRD symptom) of a passenger in the
vehicle.

[0021] In particular, an exemplary aspect of the present
invention may utilize vehicular space which has advantages
for recognizing sound context accurately and detecting
environment air quality sensitively, and thus is more prac-
tical than conventional systems and methods. Further, an
exemplary aspect of the present invention may show the
passenger how their health/wellness condition is associated
with air quality in the vehicle, and may provide advice to the
passenger on managing their health/wellness condition.
[0022] Further, an exemplary aspect of the present inven-
tion may recognize a chronic symptom of a person (e.g.,
passenger) and determine (e.g., simultaneously determine) a
corresponding environment trigger simultaneously. This
may allow the system to make a personalized recommen-
dation for optimizing environment air quality (e.g., air
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quality in the vehicle). Thus, in short, an exemplary aspect
of the present invention may use acoustic analytics to detect
respiratory disease symptoms and correlate the symptoms
with air quality in-vehicle, to recommend some remediation
actions for a passenger.

[0023] With reference now to FIG. 1, a method 100 (e.g.,
computer-implemented method) according to an exemplary
aspect of the present invention includes various steps to
determine a remediation action. One or more computers of
a computer system according to an embodiment of the
present invention can include a memory having instructions
stored in a storage system to perform the steps of FIG. 1.
[0024] Thus, the method 100 of determining a remediation
action according to an exemplary aspect of the present
invention may act in a more sophisticated and useful fash-
ion, and in a cognitive manner while giving the impression
of cognitive mental abilities and processes related to knowl-
edge, attention, memory, judgment and evaluation, reason-
ing, and advanced computation. That is, a system is said to
be “cognitive” if it possesses macro-scale properties—per-
ception, goal-oriented behavior, learning/memory and
action—that characterize systems (i.e., humans) that are
generally agreed as cognitive.

[0025] As will described/illustrated herein, one or more
embodiments of the present invention (see e.g., FIGS. 1-8)
may be implemented in a cloud environment 50 (see e.g.,
FIG. 10). It is nonetheless understood that the present
invention can be implemented outside of the cloud environ-
ment.

[0026] Referring again to FIG. 1, the method of determin-
ing a remediation action 100 includes detecting (110) an
acoustic event in a vehicle, detecting (120) an environmental
condition in the vehicle, detecting (130) a respiratory dis-
ease symptom of a passenger in the vehicle based on the
detected acoustic event, correlating (140) the detected respi-
ratory disease symptom with the environmental condition in
the vehicle, and determining (150) a remediation action for
the detected respiratory disease symptom (e.g., an action for
alleviating the symptom, such as stopping a cough, etc.).
[0027] Theterm “vehicle” as used herein is not necessarily
limited to an automobile, but instead may be broadly con-
sidered to mean a device having a climate-controlled space
(e.g., airplane, train, bus, boat cabin, etc.) which is smaller
than 200 cubic feet.

[0028] The determining of the remediation action includes
determining a remediation action for remedying the respi-
ratory disease symptom. For example, if the symptom is a
cough, then the remediation action is an action which
alleviates (e.g., makes less severe or stops) the cough. If the
symptom is a scratchy voice, then remediation action is an
action which alleviates (e.g., makes less severe or stops) the
scratchy voice. The method 100 may, therefore, determine
the effectiveness of the remediation action by using an
acoustic event detector (e.g., microphone) to determine
whether the cough or scratchy voice has been alleviated
(e.g., made less severe or stopped).

[0029] Inanexemplary aspect of the present invention, the
detecting (110) of the acoustic event may include detecting
the acoustic event originating from a passenger of the
vehicle, and the determining (130) of the remediation action
may include determining a remediation action for the pas-
senger of the vehicle. The detected acoustic event may
include, for example, the passenger coughing, the passenger
sneezing, the passenger wheezing, the passenger sniffing and

Apr. 5,2018

the passenger clearing his throat, the passenger using a
nasally voice, the passenger taking shallow breaths, and the
passenger taking deep breaths.

[0030] The detecting (110) of the acoustic event may be
performed, for example, by an acoustic event detector which
includes an audio sensor, and the detecting 120 of the
environmental condition may be performed in response to
the acoustic event detector detecting the acoustic event.
[0031] Further, the detecting (120) of the environmental
condition may include detecting an amount of particulate
matter (PM) in air in the vehicle, an amount of volatile
organic compounds (VOCs) in the air, a humidity in the air
and a temperature of the air, and the detecting of the
environmental condition may be performed by an environ-
mental condition detector comprising one of a PM sensor, a
VOC sensor, a humidity sensor and a temperature sensor.
[0032] The method 100 may also include, for example,
recommending the determined remediation action to the
passenger (e.g., based on a correlation between the detected
respiratory disease symptom and the environmental condi-
tion in the vehicle), tracking an effect of the remediation
action on acoustic events detected, and refining a remedia-
tion action determination based on the tracking of the effect
of the remediation action.

[0033] The recommended remediation action may
include, for example, increasing or decreasing the tempera-
ture in the vehicle, increasing or decreasing the humidity in
the vehicle, decreasing the amount of PM in the vehicle,
decreasing the amount of VOCs in the vehicle, and so on.
[0034] The method 100 may also include managing an air
quality in the vehicle based on the recommended remedia-
tion action. The air quality may be managed, for example, by
adjusting (e.g., decreasing) the amount of PM in the air in
the vehicle, adjusting (e.g., decreasing) the amount of VOCs
in the air, adjusting a humidity in the air, adjusting a
temperature of the air, and so on.

[0035] In an exemplary aspect, the managing of the air
quality may be performed by an air quality manager which
is formed in a heating and cooling system of the vehicle.
[0036] The method 100 may also include storing (e.g., in
a passenger profile database) a passenger profile which
relates the determined remediation action with passenger
information of the passenger (e.g., information indicating
that passenger has CRD, passenger is sensitive to PM,
passenger is sensitive to humidity, etc.). In this case, the air
quality in the vehicle may be managed based on the pas-
senger profile.

[0037] Referring again to the drawings, FIG. 2 illustrates
a block diagram of a system 200 for determining a reme-
diation action according to an exemplary aspect of the
present invention. The system 200 may be used, for
example, to implement the method 100.

[0038] As illustrated in FIG. 2, the system 200 includes an
acoustic event detector 210 for detecting an acoustic event
in a vehicle (e.g., a passenger coughing, the passenger
sneezing, the passenger wheezing, the passenger sniffing and
the passenger clearing his throat, the passenger using a
nasally voice, the passenger taking shallow breaths, and the
passenger taking deep breaths), an environmental condition
detector 220 for detecting an environmental condition (e.g.,
an amount of PM in the air, an amount of VOCs in the air,
a humidity in the air and a temperature of the air), and an
remediation action determining device 230 for detecting a
respiratory disease symptom of a passenger in the vehicle



US 2018/0092603 A1

based on the detected acoustic event, correlating the detected
respiratory disease symptom with the environmental condi-
tion in the vehicle, and determining a remediation action for
the detected respiratory disease symptom (e.g., an action for
alleviating the symptom, such as stopping a cough, etc.).

[0039] In an exemplary aspect, the acoustic event detector
210 includes a microphone—a sound sensor that converts a
sound signal (e.g., sound wave) into a voltage or current
proportional to the detected signal. The microphone may
include a small diaphragm (e.g., magnets) surrounded by
coiled metal wire. Sound waves cause the diaphragm to
vibrate, vibrating the magnets and inducing a current in the
coil. The audio sensor may also (or alternatively) include an
electrostatic sensor or piezoelectric sensor (e.g., high-fre-
quency ultrasonic sound sensor) which can detect sound
pressure waves that are not within the audible range.

[0040] In an exemplary aspect, the environmental condi-
tion detector 220 includes a PM sensor, a VOC sensor, a
humidity sensor, or a temperature sensor. The PM sensor
may include, for example, an opacity monitor which mea-
sures the degree to which PM reduces the transmission of
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temperature sensor which is part of the vehicle’s heating and
cooling system. In this case, the environmental condition
detector 220 may “detect” a temperature of the air in the
vehicle by accessing temperature data which was previously
obtained (e.g., and stored) by the vehicle’s heating and
cooling system.

[0043] The exemplary aspects of the present invention
may help to alleviate the harmful effects of pollution (e.g.,
deterioration of the environment) which has become a
leading threat and public concern to human health. Many
diseases have been proven to be closely related or triggered
by pollution. For example, chronic respiratory diseases
(CRD) such as COPD have been shown to be exacerbated by
air pollution. Risk factors of CRD include, for example,
humidity, temperature, wind, PM2.5, VOC, etc., and risk
factors of asthma include humidity, temperature, air pollut-
ants, pollen, etc.

[0044] Table 1 below is a list of data obtained from a study
of air pollution and COPD hospital admissions in Hong
Kong.

TABLE 1

log days NO,

PM;

05 (8h)

s0,

PM, 5

log 0 1.009 (1.005 to 1.013y**  1.003 (1.000 to 1.005)*
log1 1001 (0.997 to 1.005) 1.005 (1.002 to 1.007)%*
log2  1.003 (0.999 to 1.007) 1.010 (1.007 to 1.012)%*
log3  1.010 (1.007 to 1.014)** 1051 (1.008 to 1.013)**
log4  1.010 (1.007 to 1.014)** 1008 (1.006 to 1.011)**
log 5  1.008 (1.004 to 1.012)** 1007 (1.004 to 1.009)**
log 0-1 1.007 (1.003 to 1.O11)**  1.005 (1.002 to 1.008)"*
log 0-2  1.009 (1.004 to 1.013)**  1.011 (1.008 to 1.014)**
log 0-3  1.026 (1.022 to 1.031)**F 1016 (1.013 to 1.019)**
log 0-4 1.021 (1.017 to 1.026)**  1.020 (1.017 to 1.024)
log 0-5  1.026 (1.022 to 1.031)**  1.024 (1.021 to 1.028)**¥

1.002 (0.998 to 1.005)
1.011 (1.008 to 1.015)%*
1.011 (1.008 to 1.020)%*
1.011 (1.012 to 1.019)%*
1.011 (1.008 to 1.015)%*
1.006 (1.003 to 1.010)**
1.011 (1.006 to 1.014)%*
1.019 (1.015 to 1.023)%*
1.027 (1.02 to 1.031)**
1.031 (1.027 to 1.036)**
1.034 (1.030 to 1.040)**4

1.007 (1.001 to 1.014)*
0.991 (0.981 to 1.001)
0.992 (0.935 to 1.000)
1.006 (0.999 to 1.013)
1.004 (0.998 to 1.011)
1.004 (0.997 to 1.010)
0.998 (0.991 to 1.006)
0.993 (0.985 to 1.001)
0.998 (0.989 to 1.007)
1.001 (0.991 to 1.010)
1.004 (0.994 to 1.014)

1.002 (0.998 to 1.001)
1.003 (0.999 to 1.007)**
1.011 (1.007 to 1.014)**
1.013 (1.010 to 1.017)**
1.011 (1.008 to 1.015)**
1.009 (1.006 to 1.013)**
1.004 (0.999 to 1.008)
1.010 (1.006 to 1.015)**
1.018 (1.013 to 1.022)**
1.024 (1.019 to 1.029)**
1.031 (1.026 to 1.0367%*}

light, a light-scattering sensor which provides an indirect
measurement of fine PM concentrations by utilizing the
relationship between particle concentration and light scat-
tering, a beta gauge which uses a radioactive source and
measures the attenuation of radiation through an exposed
filter, an acoustic energy monitor which measures particle
loading by measuring shock waves caused by the impact of
particles with a probe inserted into a flow (e.g.. a flow of
ambient air), a tapered-element oscillating microbalance
(TEOM) which directly measures PM mass by measuring
the changing frequency of oscillation of a filter as it accu-
mulates particles, or triboelectric sensor which measures the
electric current induced by particles as they flow past and hit
a metal probe.

[0041] The VOC sensor may include, for example, a
photoionization detector (PID), an infrared sensor, a flame
ionization detector, or a gas sensitive semiconductor (GSS)
sensor (e.g., a mixed metal oxide semiconductor sensor).
The humidity sensor may include, for example, an electronic
hygrometer which employs a capacitive sensing principle or
a resistive sensing principle. The temperature sensor may
include, for example, a digital thermometer (e.g., thermistor)
including a sensor having a resistance which changes in
response to a change in temperature.

[0042] Tt should be noted that in a case the acoustic event
detector 210 or the environmental condition detector 220
may be a part of another device in a vehicle. For example,
the environmental condition detector 220 may utilize a

The data is based on emergency hospital admissions for
COPD in 15 major hospitals from January 2000 to Decem-
ber 2005. The data indicates the relative risk (with 95%
confidence interval (CI)) for various pollutants per 10 ug/m?*
increase in the concentration of air pollutants for hospital-
izations due to an acute exacerbation of COPD (single
pollutant model).

[0045] As illustrated in Table 1, an increase in pollutants
was associated with an increase in hospital admissions for
acute exacerbations of COPD. For example, the table indi-
cates that a 10 pug/m? increase in the concentration of PM, .
was associated with a 3.1% increase in hospital admissions
for acute exacerbations of COPD at cumulative lag days of
0-5.

[0046] FIG. 3 illustrates another embodiment of a system
300 for determining a remediation action, according to
another exemplary aspect of the present invention.

[0047] As illustrated in FIG. 3, the system 300 is similar
to the system 200 (i.e., the acoustic event detector 310,
environmental condition detector 320 and remediation
action determining device 330 correspond to the acoustic
event detector 210, environmental condition detector 220
and remediation action determining device 230 described
above, respectively), and is implemented in the vehicle.
Although, the vehicle illustrated in FIG. 3 is an automobile,
the vehicle could be another type of vehicle such as, for
example, an airplane, train, bus, etc.
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[0048] The placement in FIG. 3 of the acoustic event
detector 310, environmental condition detector 320 and
remediation action determining device 330 is only illustra-
tive and should not be considered as limiting in any manner.
In particular, the acoustic event detector 310 (e.g., micro-
phone) may include a plurality of acoustic event detectors
310 that are formed in a location proximate to a passenger’s
chest and/or head. For example, a passenger in the front
passenger seat may be assigned a first acoustic event detec-
tor 310 in the ceiling about the front passenger seat, a second
acoustic event detector 310 in the dashboard near the front
passenger seat, and so on. The driver may be assigned a first
acoustic event detector 310 in the ceiling about the driver
seat, a second acoustic event detector 310 formed in the
steering wheel, and so on. The acoustic event detector 310
may also be formed in the back portion of a passenger seat
so that it is very close to the passenger’s chest, and may be
especially effective at detecting coughs, labored breathing,
etc. when the passenger is seated in the seat with his back is
pressed against the back of the passenger seat.

[0049] The environmental condition detector 320 and
acoustic event detector 310 may be connected to the reme-
diation action determining device 330 by wire or wireless
(e.g., bluetooth signal). The remediation action determining
device 330 may be formed, for example, as part of the
vehicles electronic control unit (ECU). Alternatively, one or
more features of the remediation action determining device
330 may be located remotely from the vehicle (e.g., on a
remote server).

[0050] The system 300 may identify a correlation between
CRD and the in-vehicle environment, and then provide
personalized recommendation to protect a susceptible popu-
lation. The vehicular environment includes a lot of advan-
tages for experimentation. For example, the vehicle has a
small space which aids with acoustic recognition and sensor
performance.

[0051] The vehicle also provides a diverse seasonal and
geographic environment, and affects near daily life with
normal usage. Thus, the in-vehicle environment may serve
as a “testbed” to study the correlation relationship between
respiratory symptoms and sound. Technical speaking, the
system 300 may use acoustic technologies to recognize a
symptom (e.g., a CRD symptom) inside the vehicle, and
then identify a correlation between CRD and the in-vehicle
air environment. That is, the system 300 may profile in car
CRD demographic information with acoustic analysis and
Internet of Things (IoT) air sensor data analysis, and identify
a correlation between CRD and the in-vehicle environment.
The system 300 may then analyze the correlation, to provide
a personalized recommendation which can be used to protect
a susceptible population.

[0052] The invention may exploit the fact that CRD has
strong a correlation with voice features, such as coughing,
sneezing, etc. Further, CRD is impacted by many factors
(e.g., humidity, temperature, etc.), and the effect of these
factors on CRD may be unique to each individual. That is,
there may be no common rule that can be used to describe
how these factors affect people.

[0053] Patients with respiratory diseases are sensitive to
environment triggers. For example, the possible environ-
mental triggers for asthma include: indoor allergens (e.g.,
dust mites in bedding, carpets and stuffed furniture, pollu-
tion and pet dander), outdoor allergens (e.g., pollens and
molds), tobacco smoke, chemical irritants in the workplace,

Apr. 5,2018

air pollution, cold air, etc. Meanwhile, triggers/symptoms
vary in severity and frequency from patient to patient. Even
after a hospital visit, a patient with respiratory disease may
not know the triggers to which he should pay attention. An
exemplary aspect of the present invention may provide a
dynamic and personalized recommendation to these patients
with respiratory diseases.

[0054] Further, an in-vehicle environment can provide
following benefit for creating a personalized remediation
action for a passenger. The vehicle provides a small space
which is beneficial for both acoustics and sensoring. It also
may provide a diverse environment, considering that the
passenger is in the vehicle during different seasons and in
different locations (e.g., in the country where there may be
pollen in the air, in an industrial area where there may be
pollutants such as SO,, and so on). Further, the vehicle
(especially where the vehicle is an automobile) may be used
almost daily, and there may be no extra cost to the user to
use the vehicle for determining the remediation action.

[0055] That is, the system 300 may utilize the vehicle as
a cognitive environment. The vehicle cabin may be used as
a test environment to determine the remediation action for a
passenger in the vehicle, and support more cognitive solu-
tions.

[0056] Referring again to the drawings, FIG. 4 illustrates
a system 400 for determining a remediation action, accord-
ing to another exemplary aspect of the present invention.

[0057] The system 400 may provide an approach to moni-
toring a passenger’s symptoms (e.g., coughing wheezing,
etc.) that may be detected automatically by acoustic analy-
sis. At the time that an acoustic event (e.g., a symptom) is
detected, the system 400 may collect data on the correspond-
ing environment (air quality, temperature, humidity, etc.) to
identify the source (e.g., high amount of particulate matter
in the air in the vehicle, low temperature of the air, etc.) of
the passenger’s symptoms. This approach may allow the
system 400 to leverage the uniqueness of vehicle’s cabin
(e.g., a small space which is relatively climate-controlled
and air tight) to provide an accurate result (e.g., recom-
mended remediation action). Thus, the vehicle may serve as
a test bed which is practical and used regularly by the
passenger.

[0058] As illustrated in FIG. 4, the system 400 includes an
acoustic event detector 410 (e.g., audio sensor) and an
environmental condition detector 420 which includes a
plurality of sensors including a particulate (e.g., PM 2.5)
sensor 420a, a VOC sensor 4205, a humidity sensor 420¢
and a temperature sensor 420d4. The system 400 also
includes a remediation action determining device 430 which
receives an acoustic event signal (e.g., wireless or wired
signal) from the acoustic event detector 410 and a signal
from the environmental condition detector 420, and detet-
mines a remediation action (e.g., an action intended to
remedy a symptom of the passenger from whom the acoustic
event (e.g., cough, sneeze, etc.) originated) based on an
acoustic event detected by the acoustic event detector 410
and an environmental condition detected by the environ-
mental condition detector 420.

[0059] The remediation action determining device 430
may include a processing device such as a computer, micro-
processor device, etc. which executes instructions (e.g.,
software) stored on a storage medium (e.g., memory device
included in the processing device or otherwise accessible by
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the processing device), in order to perform the features and
functions of the remediation action determining device 430.
[0060] The remediation action determining device 430
may include an identifier module 430a which receives the
acoustic event signal (e.g., wireless or wired signal) from the
acoustic event detector 410, and identifies a type of the
acoustic event detected. For example, the type identified by
the identifier module 430a may include a symptom (e.g.,
cough, sneeze, breath, etc.), or a non-symptom (e.g., seat
belt clicking, door closing, etc.)

[0061] The remediation action determining device 430
may also include a passenger mode detection module 4305
(e.g., following voice-based passenger mode detection mod-
ule), which receives an output from the identifier module
430a and based on the output (e.g., based on the type of
acoustic event detected by the acoustic event detector 410)
detects a passenger mode. The passenger mode detection
module 4304 may include a source detector 430561 which
detects the source (e.g., identifies the passenger from which
the acoustic event originated) of the acoustic event, and a
passenger distribution identification module 43052 which
identifies a passenger distribution (e.g., locations such as
“front passenger seat”, “driver seat”, etc.) in the vehicle.
[0062] The remediation action determining device 430
may also include an in-vehicle air quality evaluation module
430c which receives a signal (e.g., wireless or wired signal)
from the environmental condition detector 420, and evalu-
ates the quality of the air in the vehicle. For example, the
in-vehicle air quality evaluation module 430¢ may evaluate
the amount of particulates (e.g., PM 2.5), the amount of
VOC, the amount of humidity, and the temperature of the air
inside the vehicle, and perform an air quality and profile-
based impact analysis.

[0063] The remediation action determining device 430
may also include a profiling correlation builder and enhancer
module 4304 which receives an output of the source detector
43051 (e.g., identity of the passenger) and an output of the
in-vehicle air quality evaluation module 430¢ (e.g., an
evaluation of the air quality in the vehicle), and based on
these two outputs, builds and enhances a profiling correla-
tion (e.g., acoustic profile) which correlates the acoustic
event and passenger identity, with the air quality evaluation,
and determines a remediation action based on the correla-
tion.

[0064] In determining the remediation action, the profiling
correlation builder and enhancer module 4304 may consider
a passenger type, a sensitivity of the passenger to the
environment, whether the passenger has CRD, and so on.
The profiling correlation builder and enhancer module 4304
may also identify the source of the passenger’s irritation
(e.g., the environmental condition which is exacerbating the
passenger’s condition and causing the passenger to cough,
wheeze, etc.), and also assign a confidence level to the data
included in the profiling correlation.

[0065] The remediation action determining device 430
may also include voice identity matching and profiling
module 430e which receives passenger distribution identi-
fication data from the passenger distribution identification
module 43052, and based on the passenger distribution
identification data matches a passenger voice to a passenger
of the vehicle. In particular, the voice identity matching and
profiling module 430¢ includes a single passenger voice
profiling module 430¢1 which profiles a voice of a single
passenger (e.g., the driver), and a multiple passenger voice
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profiling module 430e2 which profiles a voice of multiple
passengers. The voice identity matching and profiling mod-
ule 430e also includes a voice ID matching module 4303
which matches a voice detected by the acoustic event
detector 410 with a passenger identity, and stores the match-
ing voice/passenger identity in a vehicle voice database
4300.

[0066] As illustrated in FIG. 4, the profiling correlation
builder and enhancer module 4304 may access the voice/
passenger identity data which is stored in the vehicle voice
database 430f, in order to build the profiling correlation.
[0067] It should be noted that the features of the remedia-
tion action determining device 430 (e.g., the profiling cor-
relation builder and enhancer module 430d4) may be imple-
mented by a processing device such as a computer,
processor, server, etc. executing instructions (e.g., software)
to perform the functions of the features described herein.
[0068] Referring again to FIG. 4, the system 400 may also
include a remediation action controller 440 which controls a
remediation action that has been recommended by the
profiling correlation that has been built/enhanced by the
profiling correlation builder and enhancer module 4304. The
remediation action controller 440, for example, may be
considered an air quality manager which manages an air
quality in the vehicle based on the recommended remedia-
tion action. The remediation action determining device 430
and the remediation action controller 440 (e.g., air quality
manager) may be combined to form a symptom remedying
device.

[0069] In particular, the remediation action controller 440
may include a recommended service action subcontroller
440a which may control a service to be provided to the
vehicle in order to remedy a symptom of the passenger in the
vehicle. For example, the recommended service action sub-
controller 440a may perform a service on a device in the
vehicle’s HVAC system (e.g.. humidifier, air purifier, etc.),
or may arrange (e.g., via wireless communication) for ser-
vice to be performed by an HVAC professional on the
vehicle’s HVAC system.

[0070] In particular, the recommended service action sub-
controller 440a service the vehicle’s air quality control
system by adding assistant devices to the vehicle, based on
a disease of a passenger as determined by the remediation
action determination determining device 430. For example,
as indicated in the table 450, where the remediation action
determination determining device 430 has determined that
the passenger has senile pneumonia, the recommended ser-
vice action subcontroller 440¢ may add a humidifier to the
vehicle’s HVAC system, and so on.

[0071] The remediation action controller 440 may also
include a recommended control action subcontroller 440a
which performs a control operation in order to remedy the
passenger’s symptoms. For example, where the remediation
action determination determining device 430 has recom-
mended that a temperature of air in the cabin of the vehicle
should be adjusted to remedy the passenger’s symptoms, the
recommended control action subcontroller 440a may control
the vehicle’s HVAC system in order to adjust the a tem-
perature of air in the cabin of the vehicle, and so on.
[0072] The remediation action controller 440 may also
include a recommended smarter home action subcontroller
440c¢. For example, where the remediation action determi-
nation determining device 430 has recommended that a
temperature of air in the cabin of the vehicle should be
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adjusted to remedy the passenger’s symptoms, the recom-
mended control action subcontroller 440a may control the
passenger’s home HVAC system (e.g., via wireless commu-
nication) in order to adjust the a temperature of air in the
passenger’s home, and so on.

[0073] That is, in addition to the air quality of the vehicle,
the air quality manager may also manage an air quality in
another environment of the passenger, such as the passen-
ger’s home or office. That is, the system 400 may also
include a wireless transceiver 435 which allows the recom-
mended smarter home action subcontroller 440c¢ to wire-
lessly communicate a recommended remediation action to
an HVAC controller in the passenger’s home or office so that
the HVAC controller may adjust the HVAC system based on
the recommended remediation action.

[0074] It should be noted that the recommended remedia-
tion action may be automatically taken by the system 400,
or the system 400 can be connected to the vehicle’s sound
system to audibly communicate the recommendation to the
passengers via the sound system, and/or connected to the
vehicle’s display (e.g., navigation display, etc.) to visually
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communicate the recommendation to the passengers via the
display. This allows the passenger to decide whether to take
the recommended remediation action.

[0075] FIG. 5illustrates a profiling correlation builder and
enhancer 430d, according to an exemplary aspect of the
present invention.

[0076] As illustrated in FIG. 5, the profiling correlation
builder and enhancer 430d may include a historical CRD
symptom data storage 43041 which stores historical CRD
symptom data (e.g., acoustic data and CRD possibility data),
and a historical environmental data storage 43042 which
stores historical environmental data. The profiling correla-
tion builder and enhancer 4304 may use the historical CRD
symptom data and the historical environmental data to build
and/or enhance the profiling correlation, and then extract the
recommended remediation action from the profiling corre-
lation which is transmitted to the remediation action con-
troller 440.

[0077] Table 2 below illustrates a profiling correlation
which has been built and/or enhanced by the profiling
correlation builder and enhancer 430d, according to an
exemplary aspect of the present invention.
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[0078] As illustrated in Table 2, the profiling correlation
may include a chart which includes a disease column,
acoustic feature column, risk factor column, confidence
level column, recommended action (e.g., recommended
remediation action) column and an add assistant device
column. Then entries in each of these columns may be added
and/or refined by the profiling correlation builder and
enhancer 4304, based on data obtained from the in-vehicle
air quality evaluation module 430c, the following voice-
based passenger mode detection module 4305 and the voice
identity matching and profiling module 430e. The profiling
correlation builder and enhancer 4304 may extract one or
more entries from the recommended action column, and
transmit the extracted entries to the remediation action
controller 440.

[0079] The profiling correlation builder and enhancer
4304 may include, for example, an initial profiling correla-
tion which is based on the population at large. This initial
profiling correlation may serve as a starting point for the
profiling correlation builder and enhancer 4304 which
enhances or “refines” the initial profiling correlation based
on data received in the vehicle, in order to generate a
personalized profiling correlation 700 which may be unique
to each individual passenger.

[0080] Table 3 below illustrates a remediation action
monitor, according to an exemplary aspect of the present
invention.

TABLE 3

Remediation Action Monitor

Pagssenger Action  Time that  Change in Air Change in Acoustic
Taken  Action was  Quality as a  Events Detected as a
Taken result of Action  result of action

[0081] As illustrated in Table 3, the remediation action
monitor may include data which is compiled by the reme-
diation action storage device 430 and stored in the reme-
diation action determining device 430 (e.g., in a storage
medium accessible by a processing device of the remedia-
tion action determining device 430). The data may include,
for example, a chart which includes columns identifying a
passenger, action taken, time that action was taken, change
in air quality as a result of action, and change in acoustic
events detected as a result of action. The profiling correla-
tion builder and enhancer 4304 may utilize the remediation
action monitor to monitor the effectiveness of the action
taken based on a recommendation of the profiling correla-
tion builder and enhancer 430d. For example, if the profiling
correlation builder and enhancer 430d determines, based on
the data obtained from the remediation action monitor, that
the action taken was not sufficiently effective, the profiling
correlation builder and enhancer 430d may revise the pro-
filing correlation accordingly.

[0082] FIG. 6 illustrates a method 650 of monitoring a
remediation action, according to an exemplary aspect of the
present invention.

[0083] As illustrated in FIG. 6, the method 650 may
include determining (630) a remediation action (similar to
determining of the remediation action described above in
FIG. 4), taking (631) the determined remediation action
(e.g., increasing the air temperature in the vehicle, decreas-
ing the humidity in the vehicle, etc.), detecting (632) a
change in the environmental conditions and the acoustic
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events resulting from the remediation action, and determin-
ing (633) whether the remediation action is effective (i.e.,
determining whether the acoustic event been alleviated or
stopped) based on the detected environmental conditions
and the detected acoustic events. If the remediation action is
determined to be effective, then the process stops, but if the
remediation action is determined to not be effective, then the
process updates (634) the profiling correlation for the pas-
senger to adjust the determined remediation action, and then
the process returns to taking (631) the newly determined
remediation action.

[0084] FIG. 7 illustrates an in-vehicle air quality evalua-
tion module 730¢ and profiling builder and enhancer module
730d, according to another exemplary aspect of the present
invention. The in-vehicle air quality evaluation module 730¢
may be utilized, for example, in the remediation action
determining device 430 instead of the in-vehicle air quality
evaluation module 430c¢. The in-vehicle air quality evalua-
tion module 730c may be used by the system 400 to provide
dynamic profile feature-based vehicle targeted control of the
vehicle’s heating and air conditioning system.

[0085] As illustrated in FIG. 7, the in-vehicle air quality
evaluation module 730¢ includes a current air quality sub-
module 730c1 and vehicle maintenance status analysis mod-
ule 730c2. The in-vehicle air quality evaluation module 730¢
receives environmental condition from the environmental
condition detector 420, and based on the detected environ-
mental condition, the current air quality and a vehicle
maintenance status analysis, the in-vehicle air quality evalu-
ation module 730c generates in-vehicle air quality evalua-
tion information and transmits this information to the pro-
filing builder and enhancer module 7304.

[0086] The profiling builder and enhancer module 7304
includes a profile checker 73041 which checks the profile
correlation (e.g., profile correlation 700) to determine a
severity of a passenger’s CRD, the sensitivity of the pas-
senger (e.g., to temperature, humidity, etc.), and checks and
a policy module 73042 to determine, for example, an
operating mode (e.g., normal mode, clean air mode, sensi-
tive air mode) of the vehicle’s heating and air conditioning
system. The profiling builder and enhancer module 7304
receives passenger information on the passenger with an
acoustic system (e.g., from the following voice-based pas-
senger mode detection module 4305), and determines a
remediation action based on the passenger information, the
determination of the profile checker 73041 and the deter-
mination of the policy module 73042), and outputs the
remediation action to the remediation action controller 440
which effects the remediation action (e.g., controls the
vehicle’s heating and air conditioning system to increase a
temperature, reduce a humidity, etc.).

[0087] FIG. 8 depicts another example of the identifier
module 430a of FIG. 4 in accordance with the present
invention. The identifier module 430a¢ may provide for
accurate symptom recognition in the vehicle based on the
detected acoustic signal.

[0088] As illustrated in FIG. 8, the identifier module 430a
may include an audio sampler 43041 which receives the
acoustic event signal from the acoustic event detector 410
(e.g., a microphone), samples the acoustic event signal and
divides the acoustic event signal into frames and windows
for analysis.

[0089] The identifier module 430a may also include a
symptom detector 43042 which receives an output of the
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audio sampler 430a1 and detects a symptom in the output.
In particular, the symptom detector 43042 may analyze the
output for a time-domain features, and use a lightweight
symptom detector to detect a symptom.

[0090] The identifier module 430a may also include a
symptom classifier 43043 which receives an output (e.g.,
symptom) of the symptom detector 43042, and classifies the
symptom in the output. In particular, the symptom classifier
430a3 may analyze the symptom for a time-domain and
frequency domain feature, and use a coarse classifier and
support vector machine (SVM) classifier to classify the
symptom.

[0091] The identifier module 430a may also include a
symptom recorder 430a4 which receives the symptom and
symptom classification from the symptom classifier 43043,
and records (e.g., stores in a memory device) the symptom
according to its classification (e.g., sneeze, cough, sniffle,
throat clearing). The identifier module 430a may then trans-
mit the symptom and symptom classification from the
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symptom recorder 430a4 to the following voice-based pas-
senger mode detection module 4304.

[0092] Ttshould be noted that an operation of the identifier
module 430a (e.g., the manner in which the module distin-
guishes a symptom from other noises in the vehicle) may be
different depending on conditions inside the vehicle. For
example, if the radio is on in the vehicle, then the identifier
module 430a may utilize a different filtering technique than
if the radio is off in the vehicle. Other conditions influencing
an operation of the identifier module 4304 may include the
windows being open, a high level of the fan of the heating
and air conditioning system, a high level revolutions per
minute (RPM) of the engine, rainfall on the windshield
wipers being on, etc. Thus, the identifier module 4304 may
be configured to detect these conditions and filter them out
of the acoustic event signal, so that these conditions do not
affect an identifying operation in the identifier module 430a.
[0093] By way of example only, Table 4 below illustrates
an impact factor comparison.
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As illustrated in Table 4, the values of the impact factors,
which include reverberation, background, attenuation and
signal-to-noise ratio (SNR), suggest that a vehicular space
provides a more a more predictable reverberation and back-
ground, with relatively less attenuation and a higher SNR,
indicating that the vehicular space offers several advantages
over the office space and home space for detecting and
remedying a symptom (e.g., CRD symptom).

[0094] By way of further example only, enclosed below is
a chart which describes an exemplary symptom recognition
performance, in accordance with an embodiment of the
present invention.

TABLE 5
Symptom TPR PPV
Sneeze 0.836 0.910
Cough 0.831 0.866
Sniffle 0.824 0.827
Throat clearing 0.867 0.914
Non-symptoms 0.991 0.985

As illustrated in Table 5, the values for the true positive rate
(TPR) and positive predictive value (PPV) in a system 400
in a vehicular space suggest that a vehicular space supports
the studying of a correlation between respiratory symptoms
and acoustic events (e.g., sound).

[0095] Referring to FIGS. 1-8. another aspect of the
present invention is directed to a computer program product
which may include, for example, a computer readable stor-
age medium (hereinafter, the “storage medium”) that may
store computer readable program instructions (hereinafter,
the “computer program” or “instructions”) for performing
the features and functions of the method 100 of determining
a remediation action, and a system for determining a reme-
diation action 200, 400 (e.g., memory included in the
remediation action storage device 430). That is, the storage
medium may store the instructions thereon for causing a
processing device (e.g., computer, instruction execution
device, computing device, computer processor, central pro-
cessing unit (CPU), microprocessor, etc.) to perform a
feature or function of the present invention.

[0096] The storage medium can be a tangible device that
can retain and store the instructions for execution by the
processing device. The storage medium may be, for
example, but is not limited to, an electronic storage device,
a magnetic storage device, an optical storage device, an
electromagnetic storage device, a semiconductor storage
device, or any suitable combination of the foregoing.
[0097] A non-exhaustive list of more specific examples of
the storage medium includes the following: a portable
computer diskette, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable program-
mable read-only memory (EPROM or Flash memory), a
static random access memory (SRAM), a portable compact
disc read-only memory (CD-ROM), a digital versatile disk
(DVD), a memory stick, a floppy disk, a mechanically
encoded device such as punch-cards or raised structures in
a groove having instructions recorded thereon, and any
suitable combination of the foregoing.

[0098] The storage medium, as used herein, should not be
construed as merely being a “transitory signal” such as a
radio wave or other freely propagating electromagnetic
wave, an electromagnetic wave propagating through a wave-

Apr. 5,2018

guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or an electrical signal transmit-
ted through a wire.

[0099] The processing device can access the instructions
on the storage medium. Alternatively, the processing device
can access (e.g., download) the instructions from an external
computer or external storage device via a network such as
the Internet, a local area network, a wide area network
and/or a wireless network.

[0100] The network may include, for example, copper
transmission cables, optical transmission fibers, wireless
transmission, routers, firewalls, switches, gateway comput-
ers and/or edge servers. For example, the processing device
may include a network adapter card or network interface
which receives the instructions from the network and for-
wards the instructions to the storage medium within the
processing device which stores the instructions.

[0101] The instructions for performing the features and
functions of the present invention may include, for example,
assembler instructions, instruction-set-architecture (ISA)
instructions, machine instructions, machine dependent
instructions, microcode, firmware instructions, state-setting
data, or either source code or object code written in one or
more programming languages (or combination of program-
ming languages), including an object oriented programming
language such as Java, Smalltalk, C++ or the like, and
conventional procedural programming languages, such as
the “C” programming language or similar programming
languages.

[0102] The instructions may execute entirely on the pro-
cessing device (e.g., a user’s computer), partly on the
processing device, as a stand-alone software package, partly
on the processing device and partly on a remote computer or
entirely on the remote computer or a server. For example, the
instructions may execute on a remote computer which is
connected to the processing device (e.g., user’s computer)
through a network such as a local area network (LAN) or a
wide area network (WAN), or may execute on an external
computer which is connected to the processing device
through the Internet using an Internet Service Provider.
[0103] The processing device may include, for example,
electronic circuitry including, for example, programmable
logic circuitry, field-programmable gate arrays (FPGA), or
programmable logic arrays (PLA) that may execute the
instructions by utilizing state information of the instructions
to personalize the electronic circuitry, in order to perform a
feature or function of the present invention.

[0104] It should be noted that the features and functions of
the present invention which are described above with ref-
erence to FIGS. 1-8 may be implemented by the processing
device executing the instructions. That is, each block of the
flowchart illustrations and/or block diagrams, and combina-
tions of blocks in the flowchart illustrations and/or block
diagrams, can be implemented by processing device execut-
ing the instructions.

[0105] The instructions may be provided to a processor of
a general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data
processing apparatus, create means for implementing the
functions/acts specified in the flowchart and/or block dia-
gram block or blocks. These computer readable program
instructions may also be stored in a computer readable
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storage medium that can direct a computer, a programmable
data processing apparatus, and/or other devices to function
in a particular manner, such that the computer readable
storage medium having instructions stored therein com-
prises an article of manufacture including instructions which
implement aspects of the function/act specified in the flow-
chart and/or block diagram block or blocks.

[0106] That is, the instructions may be executed by a
processing device to cause a series of operational steps to be
performed by the processing device to produce a computer-
implemented process, so that the executed instructions
implement the features/functions/acts described above with
respect to the flowchart and/or block diagram block or
blocks of FIGS. 1-8.

[0107] Thus, the flowchart and block diagrams in the
FIGS. 1-8 illustrate not only a method, system, apparatus or
device, but also illustrate the architecture, functionality, and
operation of the processing device executing the instruc-
tions. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of the
instructions, which comprises one or more executable
instructions for implementing the specified logical function
(s). In some alternative implementations, the features or
functions in the block may occur out of the order noted in the
figures.

[0108] For example, two blocks shown in succession may,
in fact, be executed substantially concurrently, or the blocks
may sometimes be executed in the reverse order, depending
upon the functionality involved. It will also be noted that
each block of the block diagrams and/or flowchart illustra-
tion, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts or carry out combinations of special
purpose hardware and computer instructions.

[0109] Referring again to the drawings, FIGS. 9-11 illus-
trate other exemplary aspects of the present invention.
[0110] It is to be understood that although this disclosure
includes a detailed description on cloud computing, imple-
mentation of the teachings recited herein are not limited to
a cloud computing environment. Instead, embodiments of
the present invention are capable of being implemented in
conjunction with any other type of computing environment
now known or later developed.

[0111] Cloud computing is a model of service delivery for
enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks,
network bandwidth, servers, processing, memory, storage,
applications, virtual machines, and services) that can be
rapidly provisioned and released with minimal management
effort or interaction with a provider of the service. This cloud
model may include at least five characteristics, at least three
service models, and at least four deployment models.
[0112] Characteristics are as follows:

[0113] On-demand self-service: a cloud consumer can
unilaterally provision computing capabilities, such as server
time and network storage, as needed automatically without
requiring human interaction with the service’s provider.
[0114] Broad network access: capabilities are available
over a network and accessed through standard mechanisms
that promote use by heterogeneous thin or thick client
platforms (e.g., mobile phones, laptops, and PDAs).

[0115] Resource pooling: the provider’s computing
resources are pooled to serve multiple consumers using a
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multi-tenant model, with different physical and virtual
resources dynamically assigned and reassigned according to
demand. There is a sense of location independence in that
the consumer generally has no control or knowledge over
the exact location of the provided resources but may be able
to specify location at a higher level of abstraction (e.g,,
country, state, or datacenter).

[0116] Rapid elasticity: capabilities can be rapidly and
elastically provisioned, in some cases automatically, to
quickly scale out and rapidly released to quickly scale in. To
the consumer, the capabilities available for provisioning
often appear to be unlimited and can be purchased in any
quantity at any time.

[0117] Measured service: cloud systems automatically
control and optimize resource use by leveraging a metering
capability at some level of abstraction appropriate to the
type of service (e.g., storage, processing, bandwidth, and
active user accounts). Resource usage can be monitored,
controlled, and reported, providing transparency for both the
provider and consumer of the utilized service.

[0118] Service Models are as follows:

[0119] Software as a Service (SaaS): the capability pro-
vided to the consumer is to use the provider’s applications
running on a cloud infrastructure. The applications are
accessible from various client devices through a thin client
interface such as a web browser (e.g., web-based e-mail).
The consumer does not manage or control the underlying
cloud infrastructure including network, servers, operating
systems, storage, or even individual application capabilities,
with the possible exception of limited user-specific applica-
tion configuration settings.

[0120] Platform as a Service (PaaS): the capability pro-
vided to the consumer is to deploy onto the cloud infra-
structure consumer-created or acquired applications created
using programming languages and tools supported by the
provider. The consumer does not manage or control the
underlying cloud infrastructure including networks, servers,
operating systems, or storage, but has control over the
deployed applications and possibly application hosting envi-
ronment configurations.

[0121] Infrastructure as a Service (laaS): the capability
provided to the consumer is to provision processing, storage,
networks, and other fundamental computing resources
where the consumer is able to deploy and run arbitrary
software, which can include operating systems and applica-
tions. The consumer does not manage or control the under-
lying cloud infrastructure but has control over operating
systems, storage, deployed applications, and possibly lim-
ited control of select networking components (e.g., host
firewalls).

[0122] Deployment Models are as follows:

[0123] Private cloud: the cloud infrastructure is operated
solely for an organization. It may be managed by the
organization or a third party and may exist on-premises or
off-premises.

[0124] Community cloud: the cloud infrastructure is
shared by several organizations and supports a specific
community that has shared concerns (e.g.. mission, security
requirements, policy, and compliance considerations). It
may be managed by the organizations or a third party and
may exist on-premises or off-premises.

[0125] Public cloud: the cloud infrastructure is made
available to the general public or a large industry group and
is owned by an organization selling cloud services.
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[0126] Hybrid cloud: the cloud infrastructure is a compo-
sition of two or more clouds (private, community, or public)
that remain unique entities but are bound together by stan-
dardized or proprietary technology that enables data and
application portability (e.g., cloud bursting for load-balanc-
ing between clouds).

[0127] A cloud computing environment is service oriented
with a focus on statelessness, low coupling, modularity, and
semantic interoperability. At the heart of cloud computing is
an infrastructure that includes a network of interconnected
nodes.

[0128] Referring now to FIG. 9, a schematic of an
example of a cloud computing node is shown. Cloud com-
puting node 10 is only one example of a suitable node and
is not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the invention
described herein. Regardless, cloud computing node 10 is
capable of being implemented and/or performing any of the
functionality set forth herein.

[0129] Although cloud computing node 10 is depicted as
a computer system/server 12, it is understood to be opera-
tional with numerous other general purpose or special pur-
pose computing system environments or configurations.
Examples of well-known computing systems, environments,
and/or configurations that may be suitable for use with
computer system/server 12 include, but are not limited to,
personal computer systems, server computer systems, thin
clients, thick clients, hand-held or laptop circuits, multipro-
cessor systems, microprocessor-based systems, set top
boxes, programmable consumer electronics, network PCs,
minicomputer systems, mainframe computer systems, and
distributed cloud computing environments that include any
of the above systems or circuits, and the like.

[0130] Computer system/server 12 may be described in
the general context of computer system-executable instruc-
tions, such as program modules, being executed by a com-
puter system. Generally, program modules may include
routines, programs, objects, components, logic, data struc-
tures, and so on that perform particular tasks or implement
particular abstract data types. Computer system/server 12
may be practiced in distributed cloud computing environ-
ments where tasks are performed by remote processing
circuits that are linked through a communications network.
In a distributed cloud computing environment, program
modules may be located in both local and remote computer
system storage media including memory storage circuits.

[0131] Referring again to FIG. 9, computer system/server
12 is shown in the form of a general-purpose computing
circuit. The components of computer system/server 12 may
include, but are not limited to, one or more processors or
processing units 16, a system memory 28, and a bus 18 that
couples various system components including system
memory 28 to processor 16.

[0132] Bus 18 represents one or more of any of several
types of bus structures, including a memory bus or memory
controller, a peripheral bus, an accelerated graphics port, and
a processor or local bus using any of a variety of bus
architectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA
(EISA) bus, Video FElectronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects
(PCI) bus.
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[0133] Computer system/server 12 typically includes a
variety of computer system readable media. Such media
may be any available media that is accessible by computer
systemy/server 12, and it includes both volatile and non-
volatile media, removable and non-removable media. Sys-
tem memory 28 can include computer system readable
media in the form of volatile memory, such as random
access memory (RAM) 30 and/or cache memory 32. Com-
puter system/server 12 may further include other removable/
non-removable, volatile/non-volatile computer system stor-
age media. By way of example only, storage system 34 can
be provided for reading from and writing to a non-remov-
able, non-volatile magnetic media (not shown and typically
called a “hard drive”). Although not shown, a magnetic disk
drive for reading from and writing to a removable, non-
volatile magnetic disk (e.g.. a “floppy disk™), and an optical
disk drive for reading from or writing to a removable,
non-volatile optical disk such as a CD-ROM, DVD-ROM or
other optical media can be provided. In such instances, each
can be connected to bus 18 by one or more data media
interfaces. As will be further depicted and described below,
memory 28 may include at least one program product having
a set (e.g, at least one) of program modules that are
configured to carry out the functions of embodiments of the
invention.

[0134] Program/utility 40, having a set (at least one) of
program modules 42, may be stored in memory 28 by way
of example, and not limitation, as well as an operating
system, one or more application programs, other program
modules, and program data. Each of the operating system,
one or more application programs, other program modules,
and program data or some combination thereof, may include
an implementation of a networking environment. Program
modules 42 generally carry out the functions and/or meth-
odologies of embodiments of the invention as described
herein.

[0135] Computer system/server 12 may also communicate
with one or more external circuits 14 such as a keyboard, a
pointing circuit, a display 24, etc.; one or more circuits that
enable a user to interact with computer system/server 12;
and/or any circuits (e.g.. network card, modem, etc.) that
enable computer system/server 12 to communicate with one
or more other computing circuits. Such communication can
occur via Input/Output (I/O) interfaces 22. Still yet, com-
puter system/server 12 can communicate with one or more
networks such as a local area network (LAN), a general wide
area network (WAN), and/or a public network (e.g., the
Internet) via network adapter 20. As depicted, network
adapter 20 communicates with the other components of
computer system/server 12 via bus 18. It should be under-
stood that although not shown, other hardware and/or soft-
ware components could be used in conjunction with com-
puter system/server 12. Examples, include, but are not
limited to: microcode, circuit drivers, redundant processing
units, external disk drive arrays, RAID systems, tape drives,
and data archival storage systems, efc.

[0136] Referring now to FIG. 10, illustrative cloud com-
puting environment 50 is depicted. As shown, cloud com-
puting environment 50 includes one or more cloud comput-
ing nodes 10 with which local computing devices used by
cloud consumers, such as, for example, personal digital
assistant (PDA) or cellular telephone 54A, desktop com-
puter 54B, laptop computer 54C, and/or automobile com-
puter system 54N may communicate. Nodes 10 may com-
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municate with one another. They may be grouped (not
shown) physically or virtually, in one or more networks,
such as Private, Community, Public, or Hybrid clouds as
described hereinabove, or a combination thereof.

[0137] This allows cloud computing environment 50 to
offer infrastructure, platforms and/or software as services for
which a cloud consumer does not need to maintain resources
on a local computing device. It is understood that the types
of computing devices 54A-N shown in FIG. 13 are intended
to be illustrative only and that computing nodes 10 and cloud
computing environment 50 can communicate with any type
of computerized device over any type of network and/or
network addressable connection (e.g., using a web browser).

[0138] Referring now to FIG. 11, a set of functional
abstraction layers provided by cloud computing environ-
ment 50 (FIG. 10) is shown. It should be understood in
advance that the components, layers, and functions shown in
FIG. 11 are intended to be illustrative only and embodiments
of the invention are not limited thereto. As depicted, the
following layers and corresponding functions are provided:

[0139] Hardware and software layer 60 includes hardware
and software components. Examples of hardware compo-
nents include: mainframes 61; RISC (Reduced Instruction
Set Computer) architecture based servers 62; servers 63;
blade servers 64; storage devices 65; and networks and
networking components 66. In some embodiments, software
components include network application server software 67
and database software 68.

[0140] Virtualization layer 70 provides an abstraction
layer from which the following examples of virtual entities
may be provided: virtual servers 71; virtual storage 72;
virtual networks 73, including virtual private networks;
virtual applications and operating systems 74; and virtual
clients 75.

[0141] In oneexample, management layer 80 may provide
the functions described below. Resource provisioning 81
provides dynamic procurement of computing resources and
other resources that are utilized to perform tasks within the
cloud computing environment. Metering and Pricing 82
provide cost tracking as resources are utilized within the
cloud computing environment, and billing or invoicing for
consumption of these resources. In one example, these
resources may include application software licenses. Secu-
rity provides identity verification for cloud consumers and
tasks, as well as protection for data and other resources. User
portal 83 provides access to the cloud computing environ-
ment for consumers and system administrators. Service level
management 84 provides cloud computing resource alloca-
tion and management such that required service levels are
met. Service Level Agreement (SLA) planning and fulfill-
ment 85 provide pre-arrangement for, and procurement of,
cloud computing resources for which a future requirement is
anticipated in accordance with an SLA.

[0142] Workloads layer 90 provides examples of function-
ality for which the cloud computing environment may be
utilized. Examples of workloads and functions which may
be provided from this layer include: mapping and navigation
91; software development and lifecycle management 92;
virtual classroom education delivery 93; data analytics pro-
cessing 94; transaction processing 95; and a remediation
action determining function 96 in accordance with the
present invention.
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[0143] Exemplary aspects of the present invention may
help alleviate or stop a symptom (e.g., a CRD symptom) of
a passenger in the vehicle.

[0144] While the invention has been described in terms of
one or more embodiments, those skilled in the art will
recognize that the invention can be practiced with modifi-
cation within the spirit and scope of the appended claims.
Specifically, one of ordinary skill in the art will understand
that the drawings herein are meant to be illustrative, and the
design of the inventive method and system is not limited to
that disclosed herein but may be modified within the spirit
and scope of the present invention.

[0145] Further, Applicant’s intent is to encompass the
equivalents of all claim elements, and no amendment to any
claim the present application should be construed as a
disclaimer of any interest in or right to an equivalent of any
element or feature of the amended claim.

What is claimed is:

1. A computer-implemented method of determining a
remediation action, the method comprising:

detecting an acoustic event in a vehicle;

detecting an environmental condition in the vehicle;

detecting a respiratory disease symptom of a passenger in

the vehicle based on the detected acoustic event;
correlating the detected respiratory disease symptom with
the environmental condition in the vehicle; and
determining a remediation action for the detected respi-
ratory disease symptom.

2. The method of claim 1, wherein the detecting of the
environmental condition is performed in response to the
acoustic event detector detecting the acoustic event.

3. The method of claim 1, wherein the detecting of the
acoustic event is performed by an acoustic event detector
comprising an audio sensor.

4. The method of claim 1, wherein the detecting of the
environmental condition comprises detecting in the vehicle
an amount of particulate matter (PM), an amount of volatile
organic compounds (VOCs), a humidity and a temperature.

5. The method of claim 4, wherein the detecting of the
environmental condition is performed by an environmental
condition detector comprising one of a PM sensor, a VOC
sensor, a humidity sensor and a temperature sensor.

6. The method of claim 1, wherein the acoustic event
comprises at least one of the passenger coughing, the
passenger sneezing, the passenger wheezing, the passenger
sniffing and the passenger clearing his throat, the passenger
using a nasally voice, the passenger taking shallow breaths,
and the passenger taking deep breaths.

7. The method of claim 1, further comprising:

tracking an effect of the remediation action on acoustic

events detected.

8. The method of claim 7, further comprising:

refining a remediation action determination based on the

tracking of the effect of the remediation action.

9. The method of claim 1, further comprising:

managing an air quality in the vehicle based on the

determined remediation action.

10. The method of claim 9, wherein the managing of the
air quality comprises managing the air quality in the vehicle
by at least one of adjusting an amount of particulate matter
(PM) in air in the vehicle, adjusting an amount of volatile
organic compounds (VOCs) in the air, adjusting a humidity
in the air, and adjusting a temperature of the air.
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11. The method of claim 10, wherein the managing of the
air quality is performed by an air quality manager which is
formed in a heating and cooling system of the vehicle.

12. The method of claim 10, further comprising;

storing a passenger profile which relates the determined

remediation action with passenger information of the
passenger,

wherein the managing of the air quality comprises man-

aging the air quality in the vehicle based on the
passenger profile.

13. A system for determining a remediation action, the
system comprising:

an acoustic event detector for detecting an acoustic event

in a vehicle;

an environmental condition detector for detecting an

environmental condition; and

a remediation action determining device for:

detecting a respiratory disease symptom of a passenger
in the vehicle based on a detected acoustic event;

correlating a detected respiratory disease symptom
with the environmental condition in the vehicle; and

determining a remediation action for the detected respi-
ratory disease symptom.

14. The system of claim 13, wherein the environmental
condition detector detects the environmental condition in
response to the acoustic event detector detecting the acoustic
event.

15. The system of claim 13, wherein the acoustic event
detector comprises an audio sensor.
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16. The system of claim 13, wherein the environmental
condition comprises an amount of particulate matter (PM),
an amount of volatile organic compounds (VOCs), a humid-
ity and a temperature.

17. The system of claim 16, wherein the environmental
condition detector comprises one of a PM sensor, a VOC
sensor, a humidity sensor and a temperature sensor.

18. The system of claim 13, wherein the remediation
action determining device:

recommends the determined remediation action to the

passenger;

tracks an effect of the remediation action based on the

detected acoustic event; and

refines a remediation action determination based on the

tracking of the effect of the remediation action.

19. The system of claim 13, further comprising:

an air quality manager for managing an air quality in the

vehicle based on the recommended remediation action.

20. A computer program product for determining a reme-
diation action, the computer program product comprising a
computer readable storage medium having program instruc-
tions embodied therewith, the program instructions execut-
able by a computer to cause a method of, the computer to:

detect an acoustic event in a vehicle;

detect an environmental condition in the vehicle;

detect a respiratory disease symptom of a passenger in the

vehicle based on a detected acoustic event;

correlate the detected respiratory disease symptom with

the environmental condition in the vehicle; and
determine a remediation action for the detected respira-
tory disease symptom.
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