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DEVICE, SYSTEM AND METHOD FOR
DETECTION OF AN ASTHMA ATTACK OR
ASTHMA OF A SUBJECT

FIELD OF THE INVENTION

[0001] The present invention relates to a device, system
and method for detection of an asthma attack or asthma of
a subject.

BACKGROUND OF THE INVENTION

[0002] Asthma is an inflammatory disease of the lungs. It
makes breathing difficult and brings on attacks of coughing,
wheezing, tightness in the chest and shortness of breath.
According to the Centers for Disease Control and Prevention
(CDC), approximately 25 million Americans suffer from
asthma. It is the most common chronic condition among
American children. About one in every 10 children has
asthma.

[0003] Bronchial asthma is a multifactorial disease in
which environmental, infectious, allergic, and psychological
elements all play a part. This complex, multi-dimensional
condition affects patients in many ways. Having asthma is
inherently stressful and psychological problems are com-
mon and associated with poor asthma outcomes.

[0004] Although most patients in clinical trials can
achieve high levels of control with optimized pharmaco-
therapy, in “real-life” practice, poor control is common, with
over-reliance on rescue bronchodilator medication and
ongoing symptoms and quality-of-life impairment. Asth-
ma’s increasing prevalence, severity and associated medical
costs have triggered interest in new physiological and psy-
chological intervention strategies including self-manage-
ment, breathing-exercise techniques and mental relaxation.
[0005] An asthma attack can be terrifying for both chil-
dren and adults. For people with asthma, having an “asthma
management plan” is the best strategy to prevent an asthma
attack. Effective self-management practices to control
asthma symptoms and prevent flare-ups are known. These
strategies include regular treatment with anti-inflammatory
medication, regular medical review, and provision of sup-
port for people with asthma to self-regulate their asthma
treatment and health related behaviors. Effective self-man-
agement practices include self-monitoring of asthma symp-
toms and/or lung function, medication adherence, and own-
ership of asthma action plans.

[0006] Prediction of an asthma attack is based on recog-
nizing early warning signs, however sometimes it is not
possible or reliable. Earlier, the only way to detect impend-
ing asthma attacks in advance was to conduct expensive
pulmonary examinations. The best way to predict asthma
attacks is to use a peak flow meter regularly and record the
readings.

[0007] Many studies have focused just on physiological
health even when an intervention has both physiological and
psychological components. Stress and psychological factors
have been shown by a growing body of evidence to trigger
and exacerbate asthmatic conditions. Whatever precipitates
an asthmatic attack, anxiety is likely to accompany it. For
example, asthmatic children have been described as reacting
to stressful situations and emotional distress in terms of
anxiety, depression, and irritability. Furthermore, almost
one-third of all children with asthma meet the criteria for
comorbid anxiety disorders meaning that stress should be
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viewed as both a trigger and a consequence of this chronic
disease. Relaxation training and relaxation techniques have
been shown to make positive contributions to asthma man-
agement.

[0008] Asthma’s increasing prevalence, severity and asso-
ciated medical costs have triggered interest in new physi-
ological and psychological intervention strategies including
self-monitoring and self-management. Effective self-man-
agement practices include self-monitoring of asthma symp-
toms and/or lung function and ownership of asthma action
plans. Self-monitoring of asthma is based on prediction and
recognition of early warning signs. Unfortunately, some-
times it is not possible or reliable.

[0009] Asthma guidelines include pharmacotherapy strat-
egy, but more and more physicians encourage the use of
breathing-exercise techniques and mental relaxation for
dealing with asthma. Many patients are interested in non-
pharmacological treatments to improve asthma control, par-
ticularly breathing control exercises. A problem for many
clinicians and patients is accessing therapists who can
provide this training. Currently many patients who are
interested in this type of treatment can only access it by
paying unregulated therapists or by self-help books, internet
pages or videos of unknown efficacy. Hence, there is a need
for non-pharmacological approach to (self-) manage asthma
and prevent serious asthma attacks.

[0010] U.S. Pat. No. 9,131,902 B2 discloses apparatus and
methods for predicting an onset of a clinical episode. The
apparatus includes a sensor, configured to sense at least one
parameter of a subject substantially continuously during a
period having a duration of at least one hour, and a control
unit, configured to predict, at least one hour prior to the onset
of the clinical episode, the onset at least in part responsively
to the sensed parameter. Other applications are also
described. The disclosed idea is based on using motion and
other (non-camera) sensors for extraction of heart rate,
respiration rate, motion and body temperature, performs an
analysis of long term (at least one hour) pattern of heart rate,
respiration rate, and compares it with the “normal” patterns
to predict the offsets.

[0011] PEREIRA CARINA BARBOSA ET AL: “Remote
monitoring of breathing dynamics using infrared thermog-
raphy” BIOMEDICAL OPTICS EXPRESS 1 Nov. 2015,
vol. 6, no. 11, 1 Nov. 2015, pages 4378-4394, ISSN:
2156-7085 discloses remote monitoring of breathing
dynamics using infrared thermography. In particular, D1
presents a new robust algorithm to remotely monitor breath-
ing rate by thermal imaging. This approach permits to detect
and to track the region of interest as well as to estimate
breathing rate.

[0012] FEI J ET AL: “Analysis of breathing air flow
patterns in thermal imaging”, CONFERENCE PROCEED-
INGS. ANNUAL INTERNATIONAL CONFERENCE OF
THE IEEE ENGINEERING IN MEDICINE AND BIOL-
OGY SOCIETY (IEEE CAT. NO. 06CH37748) IEEE PIS-
CATAWAY, N.I., USA, 2006, page 7 pp, ISBN: 1-4244-
0032-5 discloses a methodology to characterize breathing
patterns based on thermal infrared imaging. The system
disclosed is used to record the radiation information from
within the breathing flow region. The method opens the way
for desktop, unobtrusive moni-toring of human respiration.
[0013] US 2016/206216 A1 discloses a device, system and
method for skin detection. To enable a reliable, accurate and
fast detection the proposed device comprises a thermal
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sensor input for obtaining thermal sensor data of a scene, a
light sensor input for obtaining light sensor data of the scene,
and an evaluation unit for analyzing the obtained thermal
sensor data and the obtained light sensor data and for
detecting skin areas within the scene based on said analysis.

SUMMARY OF THE INVENTION

[0014] Itis an object of the present invention to provide a
device, system and method for detection of an asthma attack
or asthma of a subject allowing (self-) management of
asthma and prevention of serious asthma attacks.

[0015] Ina firstaspect of the present invention a device for
detection of an asthma attack or asthma of a subject is
presented, said device comprising

[0016] a light sensor input for obtaining light sensor data
of the scene, said light sensor data comprising images in the
visible and/or infrared light spectrum,

[0017] a thermal sensor input for obtaining thermal sensor
data of a scene including a subject while breathing, said
thermal sensor data comprising thermal images in the long-
wave infrared spectrum, and

[0018] an analysis unit for deriving respiratory effort
information indicating respiratory efforts of the subject from
the obtained light sensor data and for deriving airflow
information indicating airflow during respiration of the
subject from the obtained thermal sensor data and for
predicting or detecting an asthma attack or asthma based on
analysis of the respiratory effort information and the airflow
information, said analysis evaluating deviations from pre-
determined or healthy correlations between respiratory
efforts and airflow.

[0019] Ina further aspect of the present invention a system
for detection of an asthma attack or asthma of a subject is
presented, said system comprising

[0020] a light sensor for acquiring light sensor data of the
scene, said light sensor data comprising images in the visible
and/or infrared light spectrum,

[0021] a thermal sensor for acquiring thermal sensor data
of a scene, said thermal sensor data comprising thermal
images in the longwave infrared spectrum, and

[0022] a device as disclosed herein for detection of an
asthma attack or asthma of a subject based on the acquired
light sensor data and the acquired thermal sensor data.
[0023] Inyet further aspects of the present invention, there
are provided a corresponding method, a computer program
which comprises program code means for causing a com-
puter to perform the steps of the method disclosed herein
when said computer program is carried out on a computer as
well as a non-transitory computer-readable recording
medium that stores therein a computer program product,
which, when executed by a processor, causes the method
disclosed herein to be performed.

[0024] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method, system, computer program and medium
have similar and/or identical preferred embodiments as the
claimed system, in particular as defined in the dependent
claims and as disclosed herein.

[0025] The present invention is based on the idea to make
use of the advantages of light sensor data (e.g. RGB camera
data) and thermal sensor data (e.g. infrared camera data) to
provide a reliable device, system and method for helping to
recognize, control and manage asthma attacks and asthma in
general. The sensor data may be acquired by a vital signs
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camera, as generally known in the field of remote photop-
lethysmography (rPPG) for unobtrusively and remotely
acquiring vital signs of a subject. The advantages of such a
vital signals camera can thus be combined with the effec-
tiveness of a biofeedback-assisted personalized relaxation
system. Those can be technologies that facilitate effective
self-management practices (e.g. personal devices to self-
monitor, platform systems for control asthma) and support
patients to provide best practice asthma care.

[0026] With the present invention it may be possible to
estimate the probability of developing an asthma attack and
subsequently to provide biofeedback-assisted personalized
treatmertt to the asthma patient. This could help to contribute
to a personal way to manage asthma, and also to prevent
serious asthma attacks that potentially require treatment in a
hospital.

[0027] Camera-based monitoring of respiration and the
acquisition of respiratory effort information indicating respi-
ratory efforts of the subject can be provided in multiple
ways. For instance, by using a thermal camera, breathing can
be measured by monitoring changes of air temperature
around nose or mouth. Moreover, by analyzing specific
movements of a chest and/or a belly, breathing efforts can be
measured, and the breathing rate can be extracted. By
combining two sensor (e.g. camera) modalities (thermal and
2D motion), the combined analysis of the effort and airflow
(indicating efficiency) of breathing can be achieved. These
data can then be evaluated to reliably predict or detect an
asthma attack or asthma.

[0028] Compared to the apparatus and methods disclosed
in U.S. Pat. No. 9,131,902 B2, the device, system and
method according to the present invention uses a different
sensor (preferably camera) modalities (contrary to contact
sensors) for remotely monitoring of several pieces of infor-
mation simultaneously. Further, deviations, in particular
instantaneous deviations, from predetermined or healthy
correlations between an airflow (detected from the thermal
sensor data) and respiratory efforts (detected by the light
sensor data; optionally in addition by the thermal sensor
data) may be identified to detect mismatches for predicting
or detecting an asthma attack or asthma, i.e. no long term
patterns of respiration rate are required.

[0029] In another embodiment said analysis unit is con-
figured to evaluate, in the obtained light sensor data, motion
of a body part, in particular the chest and/or belly portion, of
the subject caused by respiration to derive the respiratory
effort information. This provides an efficient way of obtain-
ing the respiratory effort information, e.g. from camera data
as light sensor data.

[0030] The analysis unit may further be configured to
estimate a stress level of the subject from the obtained light
sensor data and/or the obtained thermal sensor data and to
take the estimated stress level into account in predicting or
detecting an asthma attack or asthma. For instance, one or
more vital signs, in particular heart rate and/or heart rate
variability, of the subject may be determined from the
obtained light sensor data and/or the obtained thermal sensor
data to estimate a stress level of the subject. This information
may also be used to check whether stress (e.g. detected from
heart rate variability) is the reason for an asthma attack.
[0031] The device may further comprise an audio input for
obtaining speech data of the subject representing speech of
the subject, wherein said analysis unit is configured to
estimate a stress level and/or derive respiratory information
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of the subject from the obtained speech data and to take the
estimated stress level and/or the derived respiratory infor-
mation into account in predicting or detecting an asthma
attack or asthma. Thus, the efforts of the subject to speak
loudly may be observed and evaluated.

[0032] The audio input may be configured to obtain
speech data representing speech of the subject reading a text,
in particular a predetermined text, wherein said analysis unit
may be configured to derive reading information indicating
reading difficulties and to take the derived reading informa-
tion into account in predicting or detecting an asthma attack
or asthma. If a person is not able to speak more than short
phrases due to shortness of breath, or respiratory rate is
increased significantly, that would indicate the beginning of
the asthma attack. The severity of the attack can be evaluated
objectively by analyzing the amount of breathing efforts,
and/or the complexity of the text on which the person starts
to experience problems with reading loudly.

[0033] Further, in an embodiment said analysis unit may
be configured to derive air temperature change information
indicating air temperature changes around mouth and/or
nose of the subject from the obtained thermal sensor data
and to take the derived air temperature change information
into account in predicting or detecting an asthma attack or
asthma. By measuring air temperature changes around
mouth and nose breathing information can be easily
obtained from the thermal sensor data.

[0034] The device may further comprise an output unit for
issuing feedback information indicating feedback about a
result of the detection and/or guidance information indicat-
ing guidance about actions to be performed to the subject.
This supports self-management, treatment and/or prevention
of an asthma attack.

[0035] Sull further, the device may further comprise a data
input for obtaining environmental data indicating the envi-
ronment of the subject and/or medication data indicating
medication, in particular allergens, administered to the sub-
ject, wherein said analysis unit is configured to take the
obtained environmental data and/or the obtained medication
data into account in predicting or detecting an asthma attack
or asthma. This may particularly help to understand if an
asthma event may be caused by a certain reason or if there
is no real asthma event, but e.g. an allergic reaction caused
by a medication or an environmental situation.

[0036] As explained above, the proposed system com-
prises a thermal sensor and a light sensor. The thermal sensor
may comprise a longwave camera unit for acquiring thermal
images in the longwave infrared spectrum. The light sensor
may comprise an imaging unit for acquiring images in the
visible and/or infrared light spectrum. The system may
further comprise one or more of a microphone for generating
speech data representing the speech of the subject, an
environmental sensor for generating environmental data
indicating the environment of the subject and/or a medica-
tion unit for generating medication data indicating medica-
tion, in particular allergens, administered to the subject.

[0037] According to an aspect of the present invention a
method for enabling detection of an asthma attack or asthma
of a subject is presented, said method comprising:

[0038] obtaining light sensor data of the scene, said light
sensor data comprising images in the visible and/or infrared
light spectrum,
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[0039] obtaining thermal sensor data of a scene including
a subject while breathing, said thermal sensor data compris-
ing thermal images in the longwave infrared spectrum,
[0040] deriving respiratory effort information indicating
respiratory efforts of the subject from the obtained light
sensor data,

[0041] deriving airflow information indicating airflow
during respiration of the subject from the obtained thermal
sensor data, and

[0042] analyzing the respiratory effort information and the
airflow information by evaluating deviations from predeter-
mined or healthy correlations between respiratory efforts
and airflow allowing to predict or detect an asthma attack or
asthma based on said analysis.

[0043] The result of the evaluation of the deviations
enables a practitioner, e.g. a doctor, to predict or detect an
asthma attack or asthma. In an embodiment of the method
the result of the evaluation of the deviations may addition-
ally be used to automatically predict or detect an asthma
attack or asthma.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0045] FIG. 1 shows a schematic diagram of a first
embodiment of a device and a system according to the
present invention,

[0046] FIG. 2 shows a schematic diagram of a second
embodiment of a device and a system according to the
present invention, and

[0047] FIG. 3 shows a schematic diagram of a third
embodiment of a device and a system according to the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0048] FIG. 1 shows a schematic diagram of a first
embodiment of a device 10 and a system 1 according to the
present invention. According to this embodiment the system
1 comprises a light sensor 20, e.g. a video camera (such as
an RGB camera), for acquiring light sensor data 21 of the
scene, a thermal sensor 30, e.g. an infrared camera, for
acquiring thermal sensor data 31 of a scene, and a device 10
detection of an asthma attack or asthma of a subject based
on the acquired light sensor data 21 and the acquired thermal
sensor data 31. The device 10 comprises a light sensor input
11, e.g. a wireless or wired interface for connection with the
light sensor 20, for obtaining the light sensor data 21 of the
scene and a thermal sensor input 12, e.g. a wireless or wired
interface for connection with the thermal sensor 30, for
obtaining the thermal sensor data 31 of the scene including
a subject while breathing. The device 10 further comprises
an analysis unit 13, e.g. a processor, for deriving respiratory
effort information indicating respiratory efforts of the sub-
ject from the obtained light sensor data and/or the obtained
thermal sensor data and for deriving airflow information
indicating airflow during respiration of the subject from the
obtained thermal sensor data and for predicting or detecting
an asthma attack or asthma based on analysis of the respi-
ratory effort information and the airflow information.

[0049] The device 10 and the corresponding method may
be implemented in hard- and/or software, e.g. on a computer



US 2019/0200937 A1

or processor loaded with corresponding software (e.g. an
application (app")). For instance, a user device comprising a
processor, such as a smartphone, tablet, laptop, PC, glasses,
goggles (like a Google Glass-type of device) or wristwatch,
may implement the device so that the user directly obtains
the result of the detection, e.g. as feedback on the screen of
the user device. In other embodiments the device 10 may be
implemented as dedicated device specifically configured for
the purpose of detecting an asthma attack or asthma of a
subject.

[0050] In a practical implementation, the thermal sensor
30 comprises a longwave camera unit for acquiring thermal
images in the longwave infrared spectrum and the light
sensor 20 comprises an imaging unit, such as an RGB
camera or an IR camera, for acquiring images in the visible
and/or infrared (IR) light spectrum. If such a camera (or a
vital signs camera as used in the field of remote photopl-
ethysmography (rPPG)) is used as light sensor 20, various
vital signs may be remotely acquired by use of the com-
monly known technique of rPPG, such as respiration rate,
breathing patterns and (optionally) heart rate, which may be
used separately or which may be evaluated by the analysis
unit 13.

[0051] FIG. 2 shows a schematic diagram of a second
embodiment of a device 10a and a system 2 according to the
present invention. In this embodiment the system 2 further
a microphone 40 for generating speech data 41 representing
the speech of the subject 100. The device 10a comprises a
corresponding audio input 14 for obtaining said speech data
and providing them to the analysis unit 13, where the speech
data are additionally used for predicting asthma or an asthma
attack.

[0052] Inanembodiment, a stress level is estimated and/or
respiratory information of the subject is derived from the
obtained speech data 41 and the estimated stress level and/or
the derived respiratory information is taken into account in
predicting or detecting an asthma attack or asthma.

[0053] In another embodiment the speech data 41 repre-
sent speech of the subject 100 reading a text, in particular a
predetermined text. The analysis unit 13 may then derive
reading information indicating reading difficulties and to
take the derived reading information into account in pre-
dicting or detecting an asthma attack or asthma.

[0054] The microphone 40 can further record breathing
signals, detect coughs and wheezing, which information
may additionally be evaluated by the analysis to further
improve the prediction of asthma or asthma attacks.
[0055] The proposed device, system and method enable an
evaluation of the possibility of developing asthma attack or
estimate the severity of the attack. In an embodiment the
subject 100 may be asked to undergo a set of tests, which
involves breathing according to various breathing pattern
and reading a certain text. For the first part of the test, a
person is asked to follow respiratory patterns with various
depths, frequency and type (chest vs. abdomen) of breath-
ing. During this test, 2D and thermal camera-based moni-
toring is performed to analyze the correlation between the
respiratory effort that a person has to take and the efliciency
of breathing (amount of airflow) detected by a thermal
camera. In the second part of the test, the person is asked to
read loudly the sentences with increasing complexity. Mean-
while, the camera unit (including the 2D camera, as an
embodiment of the light sensor 20) and/or the thermal
camera (as an embodiment of the thermal sensor 30) and an
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audio microphone 40 monitor the efforts a person has to put
to read loudly the complex text. If a person is not able to
speak more than short phrases due to shortness of breath, or
respiratory rate is increased significantly, that would indicate
the beginning of the asthma attack. The severity of the attack
can be evaluated objectively by analyzing the amount of
breathing efforts and/or the complexity of the text on which
the patient starts to experience problems with reading loudly.
[0056] All data is collected by the device (which may e.g.
be configured as a smartphone, tablet, laptop, glasses,
goggles (like a Google Glass-type of device), etc., in general
as a user device), and may additionally be issued via an
output unit 15, as shown in FIG. 2 as part of the device 10q,
as feedback information indicating feedback about a result
of the detection. Further, guidance information indicating
guidance about actions to be performed to the subject 100
may be issued via the output unit 15. The output unit 15 may,
for instance, be configured as user interface, e.g. as display
or touchscreen. In another embodiment, the output unit 15
may be configured as transmission unit, e.g. for wireless (or
wired) data transmission, preferably in real time, for
instance using a WiFi network, a communication network,
Bluetooth, Zigbee, or any other data transmission technique,
to another entity, such as the subject’s PC, a caregiver’s PC
or handheld device, a hospital workstation or archive, etc.
For instance, the device 10a can be connected to an elec-
tronic health record of a hospital and may be able to send
relevant information to a doctor, such as an asthma specialist
at the hospital. This information can help to provide a more
correct and feasibility diagnosis. This can be especially
beneficial for those patients living in regional, rural and
remote areas.

[0057] The complete multimodal system may thus be
regarded as a biofeedback-assisted personalized relaxation
system. The biofeedback-assisted personalized relaxation
system may comprise a guided breathing exercise to reduce
the stress level (as a possible source of the asthma attack)
and the sensors to collect the information on the changes in
respiratory effort, respiratory flow, and optionally Heart Rate
Variability (HRV) measured by camera-based methods. Fur-
ther, the collected information may be analyzed to monitor
whether the personalized relaxation exercise makes a posi-
tive impact and whether stress was a major source of the
asthma attack.

[0058] In a further embodiment, as also shown in FIG. 2,
an environmental sensor 50 for generating environmental
data 51 indicating the environment of the subject and/or a
medication unit 60 for generating medication data 61 indi-
cating medication, in particular allergens, administered to
the subject may be provided. Accordingly, the device 10a
further comprises a data input 16 for obtaining the environ-
mental data 51 and/or the medication data 61.

[0059] The environmental data 51 may e.g. include data
about the surrounding of the subject, such as air pollution,
pollen, etc. The environmental sensor 50 could thus include
a sensor that collects such environmental data, such as an air
pollution sensor, pollen sensor, etc.

[0060] The device 10a is thus able to monitor the envi-
ronmental situation of the asthma patient and consequently
estimating the probability that triggers can activate asthma
attack and therefore helping to avoid asthma attack.

[0061] The medication data 61 may e.g. include informa-
tion about the kind, dose, timing, etc. of medication, in
particular allergens, administered to the subject, which may
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have an influence on the subject’s health, i.e. which particu-
larly contribute to causing asthma or an asthma attack or
which may be the source of the subject’s condition looking
like an asthma attack but being in fact a different reaction,
e.g. an allergic reaction of the subject 100 in response to a
certain medication. The medication unit 60 could thus be a
unit where information about the medication is entered by a
user or a medication dispenser which automatically registers
dispensed medication. The device 10a can thus improve the
reliability by monitoring the amount of e.g. allergen mate-
rials applied and therefore helping to avoid inappropriate or
incorrect diagnosis for the individual patient, but also a
much more feasible way in the comparison of patch test
results.

[0062] The analysis unit 13 is thus preferably configured
to take the obtained environmental data 51 and/or the
obtained medication data 61 into account in predicting or
detecting an asthma attack or asthma.

[0063] FIG. 3 shows a schematic diagram of a third
embodiment of a device 105 and a system 3 according to the
present invention. FIG. 3 shows particularly more details of
an embodiment of the processing chain for the prediction of
the asthma attack and evaluation of its severity.

[0064] This embodiment of the proposed system 3 com-
prises three main elements:

[0065] Registration of the breathing pattern condition on
normal state: objective baseline estimation and comparison
of breathing pattern to the registered baseline.

[0066] Real-time guidance on evolution: personalized bio-
feedback.
[0067] Spot-check or continuous monitoring of breathing

rate during onset.

[0068] The system 3 comprises at least a set of cameras
20, 30 or a camera unit integrating these cameras 20, 30 for
2D and thermal image acquisition and an audio microphone
40, the data of which are used for predicting the probability
of having an asthma attack and for estimating its severity.
[0069] The analysis unit 13 can evaluate when an asthma
suffer is close to have an asthma attack by combined analysis
of heat flow during breathing and respiratory effort. For this
purpose the analysis unit 13, in this embodiment, comprises
a motion analysis unit 130 for analyzing motion in the light
sensor data 21 (in this case 2D image data) and respiratory
effort estimation unit 131 for estimating the respiratory
effort from the analyzed motion. From the 2D image data it
is further possible to analyze the subject’s breathing pattern
(chest or belly breathing), respiratory rate, respiratory effort
and the air flow, which information may also be evaluated
for the final prediction and detection.

[0070] A heat flow analysis unit 132 is provided for
analyzing heat flow from the thermal sensor data 31 and an
air flow estimation unit 133 for estimating the respiratory air
flow from the analyzed heat flow. In a breathing efficiency
analysis unit 134 the estimated respiratory effort and the
estimated air flow are analyzed to obtain information on the
breathing efficiency.

[0071] Moreover, the analysis unit 13 comprises a voice
analysis unit 135 for analyzing the speech data 41 of the
subject, e.g. to detect the disruption of a speech during a
stimulus (e.g. reading a complex text loudly). Further, a
stress level estimation unit 136 is provided for estimating the
stress level of the subject during the stimulus based on the
analysis of the speech data.
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[0072] A prediction unit 137 is provided for detecting or
predicting asthma or an asthma attack and/or for estimating
the severity/level of an asthma attack based on the result of
the prior analyses.

[0073] Inanembodiment a display may be provided, as an
output unit 15 (as shown in FIG. 2) to show the breathing
patterns, which should be followed by a subject during a
personalized relaxation exercise.

[0074] The proposed way of analysis automatically per-
formed by the device has the advantages of being much
easier to use for asthma patients compared to the actual ways
to predict asthma attacks. The optionally provided relaxation
exercise helps to normalize the breathing patterns to a
monitored base line. On the basis of this deviation, the
device can decide if the relaxation exercise needs to be
activated. Further on, the device can finalize the relaxation
exercise when it estimates that the breathing rate is con-
trolled and consequently the asthma episode is over. Addi-
tionally, the proposed device can provide help to adopt a
slower respiratory rate with longer expiration and reduction
in overall ventilation. This can be done at the onset of and/or
during asthma attacks.

[0075] The present invention thus provides a self-moni-
toring system, device and method having several advan-
tages, including allowing patients to analyze their breath
themselves and also helping to be less anxious of having an
asthma attack. The device, system and method according to
the present invention are aimed to be used for self-monitor-
ing, control and management of asthma attacks and asthma
in general. Further, they can be used for people suffering for
hyperventilation or for those experience breathing problems,
1.e. while suffering from influenza.

[0076] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. Other variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed
invention, from a study of the drawings, the disclosure, and
the appended claims.

[0077] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or
other unit may fulfill the functions of several items recited
in the claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advan-
tage.

[0078] A computer program may be stored/distributed on
a suitable non-transitory medium, such as an optical storage
medium or a solid-state medium supplied together with or as
part of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.

[0079] Any reference signs in the claims should not be
construed as limiting the scope.

1. Device for detection of an asthma attack or asthma of

a subject, said device comprising:

a light sensor input for obtaining light sensor data of the
scene, said light sensor data comprising images in the
visible and/or infrared light spectrum,

a thermal sensor input for obtaining thermal sensor data of
a scene including a subject while breathing, said ther-



US 2019/0200937 A1

mal sensor data comprising thermal images in the
longwave infrared spectrum, and

an analysis unit for deriving respiratory effort information

indicating respiratory efforts of the subject from the
obtained light sensor data and for deriving airflow
information indicating airflow during respiration of the
subject from the obtained thermal sensor data and for
predicting or detecting an asthma attack or asthma
based on analysis of the respiratory effort information
and the airflow information, said analysis evaluating
deviations from predetermined or healthy correlations
between respiratory efforts and airflow.

2. Device as claimed in claim 1, wherein the analysis unit
is configured to derive respiratory effort information indi-
cating respiratory efforts of the subject from the obtained
light sensor data and the obtained thermal sensor data.

3. Device as claimed in claim 1, wherein said analysis unit
is configured to evaluate, in the obtained light sensor data,
motion of a body part, in particular the chest and/or belly
portion, of the subject caused by respiration to derive the
respiratory effort information.

4. Device as claimed in claim 1, wherein said analysis unit
is configured to estimate a stress level of the subject from the
obtained light sensor data and/or the obtained thermal sensor
data and to take the estimated stress level into account in
predicting or detecting an asthma attack or asthma.

5. Device as claimed in claim 4, wherein said analysis unit
is configured to determine one or more vital signs, in
particular heart rate and/or heart rate variability, of the
subject from the obtained light sensor data and/or the
obtained thermal sensor data to estimate a stress level of the
subject.

6. Device as claimed in claim 1, further comprising an
audio input for obtaining speech data of the subject repre-
senting speech of the subject, wherein said analysis unit is
configured to estimate a stress level and/or derive respiratory
information of the subject from the obtained speech data and
to take the estimated stress level and/or the derived respi-
ratory information into account in predicting or detecting an
asthma attack or asthma.

7. Device as claimed in claim 6, wherein said audio input
is configured to obtain speech data representing speech of
the subject reading a text, in particular a predetermined text,
and wherein said analysis unit is configured to derive
reading information indicating reading difficulties and to
take the derived reading information into account in pre-
dicting or detecting an asthma attack or asthma.

8. Device as claimed in claim 1, wherein said analysis unit
is configured to derive air temperature change information
indicating air temperature changes around mouth and/or
nose of the subject from the obtained thermal sensor data
and to take the derived air temperature change information
into account in predicting or detecting an asthma attack or
asthma.

9. Device as claimed in claim 1, further comprising an
output unit for issuing feedback information indicating
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feedback about a result of the detection and/or guidance
information indicating guidance about actions to be pet-
formed to the subject.

10. Device as claimed in claim 1, further comprising a
data input for obtaining environmental data indicating the
environment of the subject and/or medication data indicating
medication, in particular allergens, administered to the sub-
ject, wherein said analysis unit is configured to take the
obtained environmental data and/or the obtained medication
data into account in predicting or detecting an asthma attack
or asthma.

11. System for detection of an asthma attack or asthma of
subject, said system comprising:

a light sensor for acquiring light sensor data of the scene,
said light sensor data comprising images in the visible
and/or infrared light spectrum,

a thermal sensor for acquiring thermal sensor data of a
scene, said thermal sensor data comprising thermal
images in the longwave infrared spectrum, and

a device as claimed in claim 1 for detection of an asthma
attack or asthma of a subject based on the acquired light
sensor data and the acquired thermal sensor data.

12. System as claimed in claim 11, wherein said thermal
sensor comprises a longwave camera unit for acquiring said
thermal images in the longwave infrared spectrum and/or
said light sensor comprises an imaging unit for acquiring
said images in the visible and/or infrared light spectrum.

13. System as claimed in claim 11, further comprising one
or more of a microphone for generating speech data repre-
senting the speech of the subject, an environmental sensor
for generating environmental data indicating the environ-
ment of the subject and/or a medication unit for generating
medication data indicating medication, in particular aller-
gens, administered to the subject.

14. Method for enabling detection of an asthma attack or
asthma of a subject, said method comprising:

obtaining light sensor data of the scene, said light sensor
data comprising images in the visible and/or infrared
light spectrum,

obtaining thermal sensor data of a scene including a
subject while breathing, said thermal sensor data com-
prising thermal images in the longwave infrared spec-
trum,

deriving respiratory effort information indicating respira-
tory efforts of the subject from the obtained light sensor
data,

deriving airflow information indicating airflow during
respiration of the subject from the obtained thermal
sensor data, and

analyzing the respiratory effort information and the air-
flow information by evaluating deviations from prede-
termined or healthy correlations between respiratory
efforts and airflow allowing to predict or detect an
asthma attack or asthma based on said analysis.
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