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METHOD AND A DEVICE FOR
MONITORING THE CAPACITY OF A CREW
MEMBER OF AN AIRCRAFT

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the French
patent application No. 1856073 filed on Jul. 2, 2018, the
entire disclosures of which are incorporated herein by way
of reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a method and a
device for monitoring the capacity of a crew member in an
aircraft.

BACKGROUND OF THE INVENTION

[0003] The capacity of a crew member may be one of the
criteria that allow a flight to be made under favorable
conditions.

[0004] Monitoring the capacity of a crew member makes
it possible to detect incapacity of the crew member. Inca-
pacity is defined as corresponding to a degradation in the
psychophysiological state of the pilot. This psychophysi-
ological state is generally caused by psychological or physi-
ological medical events that the crew member has experi-
enced. Incapacity may manifest itself in various forms. For
example, it may come on suddenly and completely in the
form of an infarction or more subtly and partially in the form
of a state of fatigue. Incapacity of a crew member can be
detected only by the crew member himself or by another
crew member. This means that it is sometimes difficult to
detect certain types of incapacity of a crew member.
[0005] At the present time, there is no technical means for
precisely detecting the incapacity of a crew member during
the flight of an aircraft.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to alleviate
these disadvantages by proposing a method and a device that
make it possible to detect incapacity of a crew member by
monitoring the capacity of the crew meniber.

[0007] To this end, the invention relates to a method for
monitoring the capacity of a crew member of an aircraft.
[0008] According to the invention, the method comprises
the following steps:

[0009] a measurement step, which is implemented by at
least one measurement module, comprising measuring at
least one physiological parameter regarding the crew mem-
ber and in supplying at least one associated confidence score
to the measurement module or modules respectively;
[0010] a consolidation step, which is implemented by at
least one consolidation module, comprising consolidating
the measured physiological parameter or parameters and in
determining one or more consolidated confidence scores
regarding the consolidated physiological parameter or
parameters;

[0011] a fusion step. which is implemented by a fusion
module, comprising fusing the consolidated physiological
parameter or parameters so as to detect at least one physi-
ological status of the crew member from at least one
physiological status detection function;
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[0012] a filtering step, which is implemented by a filtering
module, comprising filtering the physiological status or
statuses detected in the fusion step so as to retain the most
probable physiological status or statuses;

[0013] a determination step, which is implemented by a
determination module, comprising determining a level of
incapacity of the crew member from the most probable
physiological status or statuses determined in the filtering
step;

[0014] a transmission step, which is implemented by a
transmission module, comprising transmitting to a user
module a signal indicative of the level of incapacity of the
crew member.

[0015] Thus, by virtue of the invention, it is possible to
detect incapacity of the crew member by measuring physi-
ological parameters so that an action plan can be imple-
mented, if necessary.

[0016] According to a first particular feature, the fusion
step comprises substeps of a first detection function, includ-
ing:

[0017] a first comparison substep, which is implemented
by a first comparison submodule, comprising comparing at
least one consolidated physiological parameter against at
least one predetermined incapacity threshold;

[0018] a first determination substep, which is implemented
by a first determination submodule, comprising determining
at least a first physiological status on the basis of the result
of the comparison of the first comparison substep.

[0019] According to a second particular feature, the fusion
step comprises substeps of a second detection function,
including:

[0020] a second determination substep, which is imple-
mented by a second determination submodule, comprising
determining at least a second physiological status from at
least one consolidated physiological parameter and from an
inference system comprising conditional rules and probabil-
ity densities, the conditional rules and the probability den-
sities being based on medical experiments and analysis of
medical data.

[0021] According to a third particular feature, the fusion
step comprises substeps of a third detection function, includ-
ing:

[0022] a first computation substep, which is implemented

by a first computation submodule, comprising computing a
probability of good health, the probability of good health
corresponding to a probability of a crew member in good
health encountering the consolidated physiological param-
eter or parameters,

[0023] a second comparison substep, which is imple-
mented by a second comparison submodule, comprising
comparing the probability of good health against at least one
predetermined good health threshold,

[0024] a third determination substep, which is imple-
mented by a third determination submodule, comprising
determining at least one third physiological status on the
basis of the result of the comparison of the second compari-
son substep.

[0025] In addition, the filtering step comprises the follow-
ing substeps:
[0026] a second computation substep, which is imple-

mented by a second computation submodule, comprising
computing a mean of the confidence score or scores for each
of the physiological status detection functions, the confi-
dence score or scores being associated with the measure-
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ment module or modules configured to measure the physi-
ological parameter or parameters used by the physiological
status detection function;

[0027] a third comparison substep, which is implemented
by a third comparison submodule, comprising comparing
the mean calculated in the second computation substep
against a predetermined confidence score threshold;

[0028] a fourth determination substep, which is imple-
mented by a fourth determination submodule, comprising
determining the most probable physiological status or sta-
tuses on the basis of the result of the comparison of the third
comparison substep.

[0029] According to one embodiment, the measurement
step comprises the following substeps:

[0030] a substep of measuring fatigue, which is imple-
mented by a first fatigue measurement module located in a
headset configured to be donned by the crew member and by
a second fatigue measurement module located in a first
video equipment configured to capture images of the crew
member, comprising capturing measurements of the fatigue
of the crew member;

[0031] a substep of measuring cardiac rhythm, which is
implemented by a first cardiac rhythm measurement module
located in the headset, a second cardiac rhythm measure-
ment module located in the first video equipment and a third
cardiac thythm measurement module located in a seat con-
figured to accept the crew member, comprising capturing
measurements of the cardiac rhythm of the crew member;

[0032] a substep of measuring body temperature, which is
implemented by a first body temperature measurement mod-
ule located in the headset, a second body temperature
measurement module located in the first video equipment
and a third body temperature measurement module located
in the seat, comprising capturing measurements of the body
temperature of the crew member;

[0033] a substep of measuring head orientation, which is
implemented by a first head orientation measurement mod-
ule located in the headset and a second head orientation
measurement module located in the first video equipment,
comprising capturing measurements of the orientation of the
head of the crew member;

[0034] a substep of measuring head movement, which is
implemented by a first head movement measurement mod-
ule located in the headset and a second head movement
measurement module located in the first video equipment,
comprising capturing measurement of the movements of the
head of the crew member;

[0035] a substep of measuring blink rate, which is imple-
mented by an ocular measurement module located in the first
video equipment, comprising capturing measurements of the
frequency at which the crew member blinks;

[0036] a substep of measuring presence, which is imple-
mented by a presence measurement module located in the
first video equipment, comprising capturing measurements
of the presence of the crew member;

[0037] a substep of measuring movement, which is imple-
mented by a movement measurement module located in the
seat, comprising capturing measurements of the movement
of the crew member.

[0038] Advantageously, the fatigue measurement substep
is also implemented by a third fatigue measurement module
located in a seat configured to accept the crew member.
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[0039] 1In addition, the consolidation step comprises the
following substeps:

[0040] a substep of consolidating the measured fatigue,
which is implemented by a first consolidation submodule,
comprising determining a consolidated fatigue measurement
from the fatigne measurements captured in the fatigue
measurement substep;

[0041] a substep of consolidating the measured cardiac
thythm, which is implemented by a second consolidation
submodule, comprising determining a consolidated mea-
surement for cardiac rhythm from the cardiac rhythm mea-
surements captured in the cardiac rhythm measurement
substep;

[0042] a substep of consolidating the measured body tem-
perature, which is implemented by a third consolidation
submodule, comprising determining a consolidated body
temperature measurement from the body temperature mea-
surements captured in the body temperature measurement
substep;

[0043] a substep of consolidating the measured head ori-
entation, which is implemented by a fourth consolidation
submodule, comprising determining a consolidated head
orientation measurement from the head orientation measure-
ments captured in the head orientation measurement sub-
step;

[0044] a substep of consolidating measured head move-
ment, which is implemented by a fifth consolidation sub-
module, comprising determining a consolidated head move-
ment measurement from the head movement measurements
captured in the head movement measurement substep.
[0045] Furthermore, the substeps of the first detection
function are implemented in respect of the consolidated
physiological parameter corresponding to the consolidated
fatigue measurement,

[0046] the first physiological status corresponding to a
fatigue status,
[0047] the consolidated fatigue measurement being com-

pared against a first predetermined incapacity threshold in
the first comparison substep.

[0048] Moreover, the substeps of the first detection func-
tion are implemented in respect of the consolidated physi-
ological parameters corresponding to the consolidated body
temperature measurement and to the consolidated cardiac
thythm measurement,

[0049] the first physiological statuses corresponding to a
febrile status and to a cardiac status,

[0050] the consolidated body temperature measurement
being compared against a second predetermined incapacity
threshold in the first comparison substep,

[0051] the consolidated cardiac rhythm measurement
being compared against a third predetermined incapacity
threshold in the first comparison substep.

[0052] In addition, the substeps of the third detection
function are implemented in respect of the consolidated
physiological parameters corresponding to the consolidated
body temperature measurement and to the consolidated
cardiac rthythm measurement,

[0053] the third physiological statuses corresponding to a
febrile status and to a cardiac status,

[0054] the probability of good health for the consolidated
body temperature measurement being compared against a
first predetermined good health threshold in the second
comparison substep,
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[0055] the probability of good health for the consolidated
cardiac rhythm measurement being compared against a
second predetermined good health threshold in the second
comparison substep.

[0056] In addition, the substeps of the second detection
function are implemented in respect of the consolidated
physiological parameters corresponding to the consolidated
head orientation measurement, to the consolidated head
movement measurerment, to the consolidated presence mea-
surement and to the consolidated blink rate measurement,

[0057] the second physiological status corresponding to a
first consciousness level status.

[0058] In addition, the substeps of the third detection
function are implemented in respect of the consolidated
physiological parameters corresponding to the consolidated
head orientation measurement, to the consolidated head
movement measurerment, to the consolidated presence mea-
surement and to the consolidated blink rate measurement,

[0059] the third physiological status corresponding to a
second consciousness level status,

[0060] a first probability of good overall health being
determined in the first computation substep from a prob-
ability of good health for the consolidated head orientation
measurement, a probability of good health for the consoli-
dated head movement measurement, a probability of good
health for the consolidated presence measurement and a
probability of good health for the consolidated blink rate
measurement,

[0061] the first probability of overall good health being
compared in the second comparison substep against a first
predetermined overall good health threshold.

[0062] In addition, the substeps of the third detection
function are implemented in respect of the consolidated
physiological parameters corresponding to the fatigue mea-
surement, to the body temperature measurement, to the
cardiac rthythm measurement, to the consolidated head ori-
entation measurement, to the consolidated head movement
measurement, to the consolidated presence measurement, to
the consolidated blink rate measurement and to the mea-
surement of the movement of the crew member,

[0063] the third physiological status corresponding to a
crew member incapacity status,

[0064] a second probability of overall good health is
determined in the first computation substep from a prob-
ability of good health for the consolidated body temperature
measurement, a probability of good health for the consoli-
dated cardiac rhythm measurement, a probability of good
health for the consolidated head orientation measurement, a
probability of good health for the consolidated head move-
ment measurement, a probability of good health for the
consolidated presence measurement, a probability of good
health for the consolidated blink rate measurement and a
probability of good health for the consolidated measurement
of the movement of the crew member,

[0065] the second probability of overall good health being
compared in the second comparison step against a second
predetermined overall good health threshold.

[0066] The invention also relates to a device for monitor-
ing the capacity of a crew member of an aircraft.

[0067]
[0068] at least one measurement module, configured to
measure at least one physiological parameter regarding the

According to the invention, the device comprises:
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crew member and to supply at least one associated confi-
dence score to the measurement module or modules respec-
tively;

[0069] at least one consolidation module, configured to
consolidate the measured physiological parameter or param-
eters and to determine the consolidated confidence score or
scores regarding the consolidated physiological parameter
or parameters;

[0070] a fusion module, configured to fuse the consoli-
dated physiological parameter or parameters in order to
detect at least one physiological status of the crew member
from at least one physiological status detection function;
[0071] a filtering module, configured to filter the physi-
ological status or statuses detected by the fusion module in
order to retain the most probable physiological status or
statuses;

[0072] a determination module, configured to determine a
level of incapacity of the crew member from the most
probable physiological status or statuses determined by the
filtering module;

[0073] a transmission module, configured to transmit to a
user module a signal indicative of the level of incapacity of
the crew member.

[0074] The invention also relates to an aircraft, particu-
larly a transport airplane, which comprises a device for
monitoring the capacity of a crew member, as specified
hereinabove.

BRIEF DESCRIPTION OF THE DRAWINGS

[0075] The invention, together with its features and advan-
tages, will become more clearly apparent from reading the
description given with reference to the attached drawings in
which:

[0076] FIG. 1 depicts one embodiment of the monitoring
device,
[0077] FIG. 2 depicts one embodiment of the monitoring
method,
[0078] FIG. 3 depicts an aircraft carrying the monitoring
device.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
[0079] The device 1 for monitoring the capacity of a crew

member of an aircraft AC is depicted in FIG. 1. In the
remainder of the description, the device 1 for monitoring the
capacity of a crew member of an aircraft AC will be referred
to as a “monitoring device.” The crew member may corre-
spond to the pilot of the aircraft AC.

[0080] The monitoring device 1 carried on the aircraft AC
(FIG. 3) comprises at least one measurement module MEAS
2. The measurement module or modules are configured to
measure at least one physiological parameter regarding the
crew member and to supply at least one associated confi-
dence score to the measurement module or modules respec-
tively.

[0081] According to one preferred embodiment, the mea-
surement module comprises a set of measurement modules
2 contained in a headset (boomset) configured to be donned
by the crew member, in a seat configured to accept the crew
member and in a video equipment configured to capture
images of the crew member.

[0082] In this preferred embodiment, the headset com-
prises a module 211 for measuring fatigue MEASI, a
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module 221 for measuring cardiac rhythm MEAS3, a mod-
ule 231 for measuring body temperature MEAS6, a module
241 for measuring head orientation MEAS9, a module 251
for measuring head movement MEASI11 and, possibly, a
module for measuring respiratory rhythm

[0083] The cardiac rhythm measurement module 221 is
mounted on the headset so that it is situated in a region of
the forehead or of the temples of the crew member wearing
the headset. Advantageously, the cardiac rhythm measure-
ment module 221 uses the principle of photoplethysmogra-
phy.

[0084] The fatigue measurement module 211 comprises
electroencephalogram probes and a fatigue level computa-
tion unit. The probes are configured to measure electrical
activity in the brain of the crew member, particularly beta,
alpha, theta and delta waves. For example, two probes are
mounted in the headset in such a way that the first probe,
referred to as the Cz probe, is situated on the vertex of the
skull of the crew member wearing the headset and the
second probe, referred to as the Pz probe, is situated on the
skull approximately 10 em behind the vertex. Other regions
may be covered according to the desired measurements.
Advantageously, the probes are dry probes in order to make
the headset easier to use and in order to avoid the use of
consumable products such as mousses or gels. The compu-
tation unit makes it possible, using an algorithm, to deter-
mine the level of fatigue of the crew member wearing the
headset from the data supplied by the probes.

[0085] The body temperature measurement module 231
comprises a first sensor mounted on the headset in such a
way that it is positioned in the region situated behind the ear
lobe of the crew member wearing the headset. Specifically
this is because this region provides a very stable measure-
ment of body temperature because this region is not very
susceptible to variations in temperature. The body tempera-
ture measurement module 231 may equally be mounted on
the headset in such a way that it is situated in the region of
the temples of the crew member wearing the headset.
Advantageously, the body temperature measurement mod-
ule 231 employs the principle of infrared reflectometry.
Given that the measurements taken using this principle are
dependent on the distance between the sensor and the skin
of the crew member, a mechanical adapter may be employed
in order to provide a constant setting for that distance when
the headset is donned. The body temperature measurement
module 231 may also comprise a second sensor for ambient
temperature. The ambient temperature measurement allows
the temperature measurements of the first sensor to be
adjusted in order to obtain a more precise body temperature
measurement.

[0086] The head orientation measurement module 241 and
the head movement measurement module 251 form an
inertial measurement unit. The inertial measurement unit has
six degrees of freedom through the combination of a gyrom-
eter, of an accelerometer and of a magnetometer, providing
the attitude of the head about the axes of pitch, roll and yaw,
the linear acceleration of the head along the three axes and
the linear speed of the head along the three axes. The head
orientation and the head movements can then be deduced
from these.

[0087] In the preferred embodiment, the video equipment
comprises a module 261 for taking ocular measurements
MEAS13, a module 212 for measuring fatigue MEAS2, a
module 222 for measuring cardiac rhythm MEAS4, a mod-
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ule 242 for measuring head orientation MEAS10, a module
232 for measuring body temperature MEAS7, a module 252
for measuring head movement MEAS12, a module 271 for
measuring presence MEAS14 and, possibly, a module 291
for measuring normality MEAS16. The video equipment
may also comprise a module for measuring respiratory
rhythms.

[0088] A normality measurement may correspond to a
measurement indicative of the normality of a scene captured
by a video sensor.

[0089] The video equipment may comprise at least one
camera and infrared lighting so as to improve detection
capabilities. Advantageously, the camera or cameras are
positioned in such a way that the camera or cameras can
record at least the eves of the crew member under different
crew configurations. The modules of the video equipment
are configured to measure various parameters relating to the
crew member.

[0090] For example, the ocular measurement module 261
is able to measure at least one of the following parameters:
[0091] the gaze,

[0092] measurements associated with the eye and parts of
the eye (iris, pupil, etc.)

[0093] such as closings of the eye, blinking, diameter, etc.,
[0094] the facial expression (joy, anxiety, sadness, etc.).
[0095] The head orientation measurement module 242 is

able to measure the position of the head (Euler angles)
[0096] The head movement measurement module 252 can
measure the movements of the head and yawning.

[0097] The cardiac thythm measurement module 222 can
measure the cardiac rhythm of the crew member.

[0098] The body temperature measurement module 232
can measure the body temperature of the crew member.
[0099] The presence measurement module 271 can mea-
sure the presence or non-presence of the crew member on his
seat or else in the flight deck (cockpit) but not in his seat, or
else outside the cockpit.

[0100] The fatigue measurement module 212 may com-
prise a video data analysis unit. This video data analysis unit
makes it possible, for example, to determine a level of
fatigue of the crew member using an algorithm configured to
compute parameters such as a PERcentage of eyelid CLO-
Sure over the pupil over time (PERCLOS).

[0101] The respiratory rhythm module may comprise
another video data analysis unit to determine the respiratory
rhythm measurement. The video data may be supplied by an
infrared camera. The seat may also comprise at least one
respiratory rhythm measurement module.

[0102] The modules of the video equipment are able to
operate under various cockpit lighting conditions (day,
night, dusk, etc.) and under various crew member face
lighting conditions (half Iit, lit horizontally or vertically).
The ocular measurement module 261 may also operate
normally for crew members wearing any type of sunglasses.
[0103] In the preferred embodiment, the seat comprises a
module 223 for measuring cardiac rhythm MEASS, a mod-
ule 233 for measuring body temperature MEASS, a module
281 for measuring movement MEAS15 (body movement).
The seat may also comprise at least one fatigue measure-
ment module (not depicted).

[0104] The modules contained in the seat may comprise
sensors located at suitable points for measuring cardiac
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rhythm, respiratory rhythm, body temperature, posture of
the crew member, the body movements of the crew member
and his or her presence.

[0105] For example, the cardiac rhythm measurement
module 223 comprises sensors of the electrocardiogram type
employing electrodes for cardiac rhythm, cardiac cycle,
respiratory rhythm and actimetry. As far as the respiratory
(respiration) rhythm measurement is concerned, a sensor
may be incorporated into the seat by using, for example, a
ballistocardiography (BCG) or capacitive electrocardiogra-
phy (c-ECG) technique.

[0106] The body temperature measurement module 233
may comprise temperature sensors such as thermocouples,
electrical-resistance detection sensors or silicon bandgap
temperature sensors.

[0107] The sensors may be located at various points such
as:

[0108] at the top of the seat cushions,

[0109] built into a seat cover,

[0110] under the seat cover,

[0111] built into the foam of the cushions,

[0112] under the cushions.

[0113] A first fatigue measurement module contained in

the seat may use pressure sensors to determine a postural
attitude of the crew member. A second fatigue measurement
module may be built into a headrest of the seat. This second
fatigue measurement module may use an electroencephalo-
gram (EEG) sensor.

[0114] The monitoring device 1 further comprises at least
one consolidation CONS module 3. The consolidation mod-
ule 3 is configured to consolidate the measured physiologi-
cal parameter or parameters and to determine the consoli-
dated confidence score or scores regarding the consolidated
physiological parameter or parameters.

[0115] The consolidation module 3 makes it possible to
ensure the robustness and reliability of the information
obtained from the measurements, in order to mitigate the
effect of failure of a sensor or inaccuracy of a sensor.

[0116] A consolidation function takes the following form:
C(<s1,cs1> ..... (sn,csn>):<SCS>,

[0117] in which:

[0118] s, corresponds to the measurement supplied by a

sensor 1,

[0119] cs, corresponds to the confidence score for the

measurement supplied by the sensor i,

[0120] S corresponds to the consolidated measurement,
[0121] CS corresponds to the confidence score for the
consolidated measurement.

[0122] Each consolidation function can be obtained auto-
matically using machine learning techniques, such as neural
networks or decision trees. It may take the form of a linear
(or some other) combination, of conditional rules, of a
neural graph containing activation functions, etc.

[0123] According to the preferred embodiment, the con-
solidation module 3 comprises the following submodules:
[0124] a consolidation CONS1 submodule 31 configured
to determine a consolidated fatigue measurement from the
fatigue measurements captured by the fatigune measurement
modules 211, 212,

[0125] a consolidation CONS2 submodule 32 configured
to determine a consolidated cardiac rhythm measurement
from the cardiac rhythm measurements captured by the
cardiac rhythm measurement modules 221, 222, 223,
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[0126] a consolidation CONS3 submodule 33 configured
to determine a consolidated body temperature measurement
from the body temperature measurements captured by the
body temperature measurement modules 231, 232, 233,
[0127] a consolidation CONS4 submodule 34 configured
to determine a consolidated head orientation measurement
from the head orientation measurements captured by the
head orientation measurement modules 241, 242,

[0128] a consolidation CONSS submodule 35 configured
to determine a consolidated head movement measurement
from the head movement measurements captured by the
head movement measurement modules 251, 252.

[0129] The monitoring device 1 also comprises a fusion
FUSION module 4 configured to fuse the consolidated
physiological parameter or parameters in order to detect at
least one physiological status of the crew member from at
least one physiological status detection function.

[0130] The physiological status or statuses may corre-
spond to one or more physiological states or to one or more
psychological and physiological states of the crew member.
For example, the physiological statuses may correspond to
a state of fatigue, a feverous state, a cardiac state or a
consciousness level state.

[0131] The physiological status or statuses may adopt
binary values indicating the physiological state of the crew
member. For example, a physiological status corresponding
to a state of fatigue adopting a binary value equal to 1
indicates that the crew member is considered to be suffering
from fatigue. If this physiological status adopts a value equal
to 0, that indicates that the crew member is not considered
to be suffering from fatigue.

[0132] The fusion module 4 may comprise submodules
implementing a first detection function including:

[0133] a comparison COMP1 submodule 41 configured to
compare at least one consolidated physiological parameter
against at least one predetermined incapacity threshold;
[0134] a determination DET1 submodule 42 configured to
determine at least a first physiological status on the basis of
the result of the comparison obtained by the comparison
submodule 41.

[0135] The predetermined incapacity threshold or thresh-
olds correspond to expert thresholds based on medical
experiments and medical data analysis. The purpose of these
is to determine when a consolidated physiological parameter
adopts a value indicating a symptom of a given incapacity.

[0136] The first detection function may take the following
form:

p.es))=F
[0137] in which:
[0138] p corresponds to the physiological parameter,
[0139] cs corresponds to the confidence score for the

physiological parameter,

[0140] P corresponds to the physiological status of the
crew member.
[0141] According to the preferred embodiment, the first

detection function is implemented in respect of the consoli-
dated physiological parameter corresponding to the consoli-
dated fatigue measurement. The first physiological status
corresponds to a fatigue status. The consolidated fatigue
measurement is compared against a first predetermined
incapacity threshold in the comparison submodule 41.

[0142] For example, if the consolidated fatigue measure-
ment is above or equal to the first predetermined incapacity
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threshold, the fatigue status adopts a value equal to 1,
indicating that the crew member is considered to be suffering
from fatigue. If the measurement is below the first prede-
termined incapacity threshold, the fatigue status adopts a
value equal to 0, indicating that the crew member is con-
sidered not to be suffering from fatigue.

[0143] According to the preferred embodiment, the first
detection function is also implemented in respect of the
consolidated physiological parameters corresponding to the
consolidated body temperature measurement and to the
consolidated cardiac rhythm measurement. The first physi-
ological statuses correspond to a febrile status and to a
cardiac status. The consolidated body temperature measure-
ment is compared against a second predetermined incapacity
threshold by the comparison submodule 41. The consoli-
dated cardiac rhythm measurement is compared against a
third predetermined incapacity threshold by the comparison
submodule 41.

[0144] For example, if the consolidated body temperature
measurement is above or equal to the second predetermined
incapacity threshold, the febrile status adopts a value equal
to 1, indicating that the crew member is considered to be
feverish. If the measurement is below the second predeter-
mined incapacity threshold, the febrile status adopts a value
equal to 0, indicating that the crew member is considered not
to be feverish. If the consolidated cardiac rhythm measure-
ment is above or equal to the third predetermined incapacity
threshold, the cardiac status adopts a value equal to 1,
indicating that the crew member is considered to have a
heart problem. If the measurement is below the third pre-
determined incapacity threshold, the cardiac status adopts a
value equal to 0, indicating that the crew member is con-
sidered not to have a heart problem.

[0145] The fusion module 4 may comprise submodules
implementing a second detection function, including:
[0146] a determination DET2 submodule 43 configured to
determine at least a second physiological status from at least
one consolidated physiological parameter and from an infer-
ence system.

[0147] The purpose of this second function is to combine
independently declared expert rules in order to determine
whether the simultaneous presentation of those physiologi-
cal parameters can be considered to be symptoms of a given
incapacity.

[0148] The second detection function may take the fol-
lowing form:

cpresi. .. (paes,)P,
[0149] in which:
[0150] p, corresponds to the physiological parameter i,
[0151] cs, corresponds to the confidence score for the

physiological parameter i,

[0152] P corresponds to the physiological status of the
crew member.
[0153] The inference system corresponds to an expert

system, such as a Bayesian network or an inference
machine, which comprises conditional rules and probability
densities. The conditional rules and the probability densities
are based on medical experiments and medical data analy-
ses.

[0154] According to the preferred embodiment, the second
detection function is implemented in respect of the consoli-
dated physiological parameters corresponding to the con-
solidated head orientation measurement, to the consolidated
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head movement measurement, to the consolidated presence
measurement, to the consolidated blink rate measurement
and, possibly, to the consolidated normality measurement.
The second physiological status corresponds to a first con-
sciousness level status.

[0155] For example, the consciousness level status adopts
a value equal to 1 if the consolidated head orientation
measurement, the consolidated head movement measure-
ment, the consolidated presence measurement, the consoli-
dated blink rate measurement and, possibly, the consolidated
normality measurement have values indicating to the infer-
ence system a loss of consciousness. The consciousness
level status adopts a value equal to 0 if the consolidated head
orientation measurement, the consolidated head movement
measurement, the consolidated presence measurement, the
consolidated blink rate measurement and, possibly, the con-
solidated normality measurement adopt values indicating to
the inference system that there has not been a loss of
consciousness.

[0156] The fusion module 4 may comprise submodules
implementing a third detection function, including:

[0157] a computation COMPUT1 submodule 44 config-
ured to compute a probability of good health, the probability
of good health corresponding to a probability of a crew
member in good health encountering the consolidated physi-
ological parameter or parameters;

[0158] a comparison COMP2 submodule 45 configured to
compare the probability of good health against at least one
predetermined good health threshold,

[0159] a determination DET2 submodule 46 configured to
determine at least a third physiological status on the basis of
the result of the comparison obtained by the comparison
submodule 45.

[0160] The third detection function corresponds to a
machine anomaly detection function. The purpose of this
function is to determine whether a collection of one or more
physiological parameters is exhibiting abnormal values,
namely that this set can be considered as being symptoms of
an incapacity.

[0161] The third detection function may take the following
form:

1pesi). .. {pues) rp
[0162] in which:
[0163] p, corresponds to the physiological parameter i,
[0164] cs, corresponds to the confidence score for the

physiological parameter i,

[0165] p corresponds to the probability of good health.
[0166] The third function can be obtained automatically
using statistical modelling techniques or machine learning
techniques.

[0167] The predetermined good health threshold may be
obtained by an expert judgment.

[0168] According to the preferred embodiment, the third
detection function is implemented in respect of the consoli-
dated physiological parameters corresponding to the con-
solidated body temperature measurement and to the consoli-
dated cardiac rhythm measurement. The third physiological
statuses correspond to a febrile status and to a cardiac status.
The probability of good health for the consolidated body
temperature measurement is compared against a first prede-
termined good health threshold by the comparison submod-
ule 45. The probability of good health for the consolidated



US 2020/0000390 A1

cardiac rthythm measurement is compared against a second
predetermined good health threshold by the comparison
submodule 45.

[0169] For example, if the probability of good health for
the body temperature measurement is below or equal to the
first predetermined good health threshold, the febrile status
adopts a value equal to 1, indicating that the crew member
is considered to be feverish. If the probability is above the
first predetermined good health threshold, the febrile status
adopts a value equal to O, indicating that the crew member
is considered not to be feverish. If the probability of good
health for the consolidated cardiac rhythm measurement is
below or equal to the second predetermined good health
threshold, the cardiac status adopts a value equal to 1,
indicating that the crew member is considered to have a
heart problem. If the probability is above the second prede-
termined good health threshold, the cardiac status adopts a
value equal to 0, indicating that the crew member is con-
sidered not to have a heart problem.

[0170] Likewise, according to the preferred embodiment,
the third detection function is implemented in respect of the
consolidated physiological parameters corresponding to the
consolidated head orientation measurement, to the consoli-
dated head movement measurement, to the consolidated
presence measurement, to the consolidated blink rate mea-
surement, and, possibly, to the consolidated normality mea-
surement. The third physiological status corresponds to a
second consciousness level status.

[0171] According to a first alternative form, the probabili-
ties of good health are computed for each of the measure-
ments by the compuration submodule 44. The probability of
good health for the consolidated head orientation measure-
ment is compared against a third predetermined good health
threshold by the comparison submodule 45. The probability
of good health for the consolidated head movement mea-
surement is compared against a fourth predetermined good
health threshold in the comparison submodule 45. The
probability of good health for the consolidated presence
measurement is compared against a fifth predetermined
good health threshold by the comparison submodule 45. The
probability of good health for the consolidated blink rate
measurement is compared against a sixth predetermined
good health threshold by the comparison submodule 45.
Possibly, the probability of good health for the consolidated
normality measurement is compared against a seventh pre-
determined good health threshold in the comparison sub-
module 45.

[0172] For example, the consciousness level status adopts
a value equal to 1, indicating a loss of consciousness of the
crew member:

[0173] if the probability of good health for the consoli-
dated head orientation measurement is below or equal to the
third good health threshold, and

[0174] if the probability of good health for the consoli-
dated head movement measurement is below or equal to the
fourth good health threshold, and

[0175] if the probability of good health for the consoli-
dated presence measurement is below or equal to the fifth
predetermined good health threshold, and
[0176] if the probability of good health for the consoli-
dated blink rate measurement is below or equal to the sixth
predetermined good health threshold, and
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[0177] if appropriate, if the probability of good health for
the consolidated normality measurement is below or equal to
the seventh predetermined good health threshold.

[0178] Ifnot, the consciousness level status adopts a value
equal to 0, indicating a non-loss of consciousness of the
crew member.

[0179] According to a second alternative form, a first
overall good health probability is determined by the com-
putation submodule 44 on the basis of the probability of
good health for the consolidated head orientation measure-
ment, of the probability of good health for the consolidated
head movement measurement, of the probability of good
health for the consolidated presence measurement, of the
probability of good health for the consolidated blink rate
measurement, and, where appropriate, of the probability of
good health for the consolidated normality measurement.
The probabilities of good health pertaining to these mea-
surements are computed by the computation submodule 44.
The first overall good health probability is compared against
a first predetermined overall good health threshold by the
comparison submodule 45. The consciousness level status
adopts a value equal to 1, indicating the loss of conscious-
ness of the crew member if the first overall good health
probability is below or equal to the first overall good health
threshold. If not, the consciousness level status adopts a
value equal to 0, indicating a non-loss of consciousness of
the crew member.

[0180] In addition, according to the preferred embodi-
ment, the third detection function is implemented in respect
of the consolidated physiological parameters corresponding
to the fatigue measurement, to the body temperature mea-
surement, to the cardiac rhythm measurement, to the con-
solidated head orientation measurement, to the consolidated
head movement measurement, to the consolidated presence
measurement, to the consolidated blink rate measurement, to
the measurement of the movement of the crew member and,
where appropriate, to the consolidated normality measure-
ment. The third physiological status corresponds to a status
of incapacity of the crew member.

[0181] According to a first alternative form, the probabili-
ties of good health are computed for each of the measure-
ments by the computation submodule 44. The probability of
good health for the consolidated body temperature measure-
ment is compared against an eighth predetermined good
health threshold by the comparison submodule 45. The
probability of good health for the consolidated cardiac
rhythm measurement is compared against a ninth predeter-
mined good health threshold by the comparison submodule
45. The probability of good health for the consolidated head
orientation measurement is compared against a tenth prede-
termined good health threshold by the comparison submod-
ule 45. The probability of good health for the consolidated
head movement measurement is compared against an elev-
enth predetermined good health threshold by the comparison
submodule 45. The probability of good health for the
consolidated presence measurement is compared against a
twelfth predetermined good health threshold by the com-
parison submodule 45. The probability of good health for the
consolidated blink rate measurement is compared against a
thirteenth predetermined good health threshold by the com-
parison submodule 45. The probability of good health for the
consolidated crew member movement measurement is com-
pared against a fourteenth predetermined good health thresh-
old by the comparison submodule 45. Where appropriate,
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the probability of good health for the consolidated normality
measurement is compared against a fifteenth predetermined
good health threshold by the comparison submodule 45.

[0182] For example, the incapacity status adopts a value
equal to 1 indicating the incapacity of the crew member to
perform:

[0183] if the probability of good health for the consoli-
dated body temperature measurement is above or equal to
the eighth good health threshold, and

[0184] if the probability of good health for the consoli-
dated cardiac rhythm measurement is above or equal to the
ninth good health threshold, and

[0185] if the probability of good health for the consoli-
dated head orientation measurement is above or equal to the
tenth predetermined good health threshold, and

[0186] if the probability of good health for the consoli-
dated head movement measurement is above or equal to the
eleventh predetermined good health threshold, and

[0187] if the probability of good health for the consoli-
dated presence measurement is above or equal to the twelfth
predetermined good health threshold, and

[0188] if the probability of good health for the consoli-
dated blink rate measurement is above or equal to the
thirteenth predetermined good health threshold, and

[0189] if the probability of good health for the consoli-
dated crew member movement measurement is above or
equal to the fourteenth predetermined good health threshold,
and

[0190] where appropriate, if the probability of good health
for the consolidated normality measurement is above or
equal to the fifteenth predetermined good health threshold.

[0191] If not, the incapacity status adopts a value equal to
0, indicating that the crew member does have the capacity to
perform.

[0192] According to a second alternative form, a second
overall good health probability is determined by the com-
putation submodule 44 on the basis of the probability of
good health for the consolidated body temperature measure-
ment, of the probability of good health for the consolidated
cardiac rhythm measurement, of the probability of good
health for the consolidated head orientation measurement, of
the probability of good health for the consolidated head
movement measurement, of the probability of good health
for the consolidated presence measurement, the probability
of good health for the consolidated blink rate measurement,
of the probability of good health for the consolidated crew
member movement measurement and, where appropriate, of
the probability of good health for the consolidated normality
measurement. The probabilities of good health for these
measurements are computed by the computation submodule
44. The second overall good health probability is compared
against a second predetermined overall good health thresh-
old by the comparison submodule 45. The incapacity status
adopts a value equal to 1, indicating the incapacity of the
crew member to perform if the second overall good health
probability is below or equal to the second overall good
health threshold. If not, the incapacity status adopts a value
equal to 0, indicating that the crew member does have the
capacity to perform.

[0193] The monitoring device 1 may also comprise a
filtration FILT module 5, configured to filter the physiologi-
cal status or statuses detected by the fusion module 4 in
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order to retain the most probable physiological status or
statuses. The purpose of the filtration module 5 is to limit
spurious alerts.

[0194] The filtration module 5 is based on a filtration
fanction which may take the following form:

res{F) Fes,es DT,

[0195] in which:
[0196] F corresponds to one of the detection functions,
[0197] T corresponds to the physiological status detected

by one of the detection functions,

[0198] cs,, cs, corresponds to the confidence scores for the
physiological parameters used by the detection function in
order to determine I,

[0199] T corresponds to the physiological status of the
crew member.

[0200] The filtration device may comprise the following
submodules:

[0201] a computation COMPUT2 submodule 51 config-
ured to compute a mean of the confidence score or scores for
each of the physiological status detection functions, the
confidence score or scores being associated with the mea-
surement module or modules configured to measure the
physiological parameter or parameters used by the physi-
ological status detection function;

[0202] a comparison COMP3 submodule 52 configured to
compare the mean computed in the second computation
substep against a predetermined confidence score threshold;
[0203] a determination DET4 substep 53, implemented by
a fourth determination submodule, comprising determining
the most probable physiological status or statuses on the
basis of the result of the comparison in the third comparison
substep.

[0204] Filtration makes it possible to reject the physiologi-
cal statuses that are significantly unreliable.

[0205] The mean of the confidence scores may correspond
to an arithmetic mean, to a harmonic mean, to a median, etc.
It is defined by an expert on the basis of medical experi-
ments, medical data analyses, or by an expert judgment.
[0206] The filtration threshold may take the form of con-
ditional rules, and may be defined by an expert on the basis
of medical experiments, medical data analyses, or by an
expert judgment.

[0207] The monitoring device 1 also comprises a deter-
mination DET module 6, configured to determine a level of
incapacity of the crew member on the basis of the most
probable physiological status or statuses determined by the
filtration module 5.

[0208] Nonlimitingly, the incapacity level may correspond
to two degrees of alertness: a degree of partial alertness and
a degree of full alertness. Each of the degrees may adopt a
binary value.

[0209] The determination module 6 combines the filtered
physiological statuses in order to determine the effective
degree of alertness. For example, a degree of alertness is
effective when it adopts a value equal to 1. If not it adopts
a value equal to 0.

[0210] By way of example, the degree of partial alertness
is equal to 1 if at least one of the following physiological
statuses adopts a value equal to 1: the fatigue status, the
febrile status, the incapacity status. The degree of partial
alertness is equal to 0 if all these physiological statuses adopt
values equal to 0. The degree of total alertness is equal to 1
if at least one of the following physiological statuses has a
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value equal to 1: the cardiac status, the consciousness level
status, the incapacity status. The degree of total alertness is
equal 0 if all these physiological statuses adopt values equal
to 0.

[0211] A transmission TRANS module 7 that forms part of
the monitoring device 1 is configured to transmit to a user
USER module 8 a signal indicative of the level of incapacity
of the crew member.

[0212]

[0213] The invention also relates to a method for moni-
toring the incapacity of a crew member of an aircraft AC.

The user module 8 may be a display device.

[0214] The monitoring method comprises the following
steps (FIG. 2):
[0215] a measurement step E1, which is implemented by

the measurement module or modules 2, comprising measur-
ing at least one physiological parameter regarding the crew
member and in supplying at least one associated confidence
score to the measurement module or modules 2 respectively;

[0216] a consolidation step E2, which is implemented by
the consolidation module or modules 3, comprising consoli-
dating the measured physiological parameter or parameters
and in determining the consolidated confidence score or
scores regarding the consolidated physiological parameter
or parameters;

[0217] a fusion step E3, which is implemented by the
fusion module 4, comprising fusing the consolidated physi-
ological parameter or parameters so as to detect at least one
physiological status of the crew member from at least one
physiological status detection function;

[0218] a filtering step E4, which is implemented by the
filtering module 5, comprising filtering the physiological
status or statuses detected in the fusion step E3 so as to retain
the most probable physiological status or statuses;

[0219] a determination step ES, which is implemented by
the determination module 6, comprising determining a level
of incapacity of the crew member from the most probable
physiological status or statuses determined in the filtering
step;

[0220] a transmission step E6, which is implemented by
the transmission module 7, comprising transmitting to a user
module 8 a signal indicative of the level of incapacity of the
crew member.

[0221] The fusion step E3 may comprise substeps of the
first detection function, including:

[0222] a comparison substep E31, implemented by the
comparison submodule 41, comprising comparing at least
one consolidated physiological parameter against at least
one predetermined incapacity threshold,

[0223] a determination substep E32, implemented by the
determination submodule 42, comprising determining at
least a first physiological status on the basis of the result of
the comparison of the comparison substep E31.

[0224] The fusion step E3 may also comprise substeps of
the second detection function, including:

[0225] a determination substep E33, implemented by the
determination submodule 43, comprising determining at
least a second physiological status from at least one con-
solidated physiological parameter and from an inference
system comprising conditional rules and probability densi-
ties, the conditional rules and the probability densities being
based on medical experiments and medical data analyses.
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[0226] The fusion step E3 may also comprise substeps of
the third detection function, including:

[0227] a computation substep E34, implemented by the
computation submodule 44, comprising computing a prob-
ability of good health, the probability of good health corre-
sponding to a probability of a crew member in good health
encountering the consolidated physiological parameters;
[0228] a comparison substep E35, implemented by the
comparison submodule 45, comprising comparing the prob-
ability of good health against at least one predetermined
good health threshold;

[0229] a determination substep E36, implemented by the
determination submodule 46, comprising determining at
least a third physiological status on the basis of the result of
the comparison of the comparison substep E35.

[0230] The filtration step E4 may also comprise the fol-
lowing substeps:

[0231] a computation substep E41, implemented by the
computation submodule 51, comprising computing a mean
of the confidence score or scores for each of the physiologi-
cal status detection functions, the confidence score or scores
being associated with the measurement module or modules
2 configured to measure the physiological parameter or
parameters used by the physiological status detection func-
tion;

[0232] a comparison substep E42, implemented by the
comparison submodule 52, comprising comparing the mean
computed in the computation substep E41 against a prede-
termined confidence score threshold;

[0233] a determination substep E43, implemented by the
determination submodule 53, comprising determining the
most probable physiological status or statuses on the basis of
the result of the comparison of the comparison substep E42.
[0234] According to the preferred embodiment, the mea-
surement step E1 comprises the following substeps:

[0235] a substep E11 of measuring fatigue, which is
implemented by the fatigue measurement module 211
located in the headset configured to be donned by the crew
member and by the fatigue measurement module 212
located in the first video equipment configured to capture
images of the crew member, comprising capturing measure-
ments of the fatigue of the crew member;

[0236] a substep E12 of measuring cardiac rhythm, which
is implemented by the cardiac rhythm measurement module
221 located in the headset, the cardiac rhythm measurement
module 222 located in the first video equipment and the
cardiac rhythm measurement module 223 located in a seat
configured to accept the crew member, comprising capturing
measurements of the cardiac rhythm of the crew member;
[0237] a substep E13 of measuring body temperature,
which is implemented by the body temperature measure-
ment module 231 located in the headset, the body tempera-
ture measurement module 232 located in the first video
equipment, and the body temperature measurement module
233 located in the seat, comprising capturing measurements
of the body temperature of the crew member;

[0238] a substep E14 of measuring head orientation,
which is implemented by the head orientation measurement
module 241 located in the headset and the head orientation
measurement module 242 located in the first video equip-
ment, comprising capturing measurements of the orientation
of the head of the crew member;

[0239] asubstep E15 of measuring head movement, which
is implemented by the head movement measurement module
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251 located in the headset and the head movement measure-
ment module 252 located in the first video equipment,
comprising capturing measurements of the movement of the
head of the crew member;

[0240] a substep E16 of measuring blink rate, which is
implemented by the ocular measurement module 261
located in the first video equipment, comprising capturing
measurements of the frequency at which the crew member
blinks;

[0241] a substep E17 of measuring presence, which is
implemented by the presence measurement module 271
located in the first video equipment, comprising capturing
measurements of the presence of the crew member;

[0242] a substep E18 of measuring movement, which is
implemented by the movement measurement module 281
located in the seat, comprising capturing measurements of
the movement of the crew member;

[0243] if appropriate, a substep E19 of measuring normal-
ity, which is implemented by the normality measurement
module 291 located in the second video equipment, com-
prising capturing measurements of the normality of a scene
in which the crew member is supposed to appear.

[0244] According to the preferred embodiment, the con-
solidation step E2 comprises the following substeps:
[0245] a substep E21 of consolidating the measured
fatigue, which is implemented by the consolidation submod-
ule 31, comprising determining a consolidated fatigue mea-
surement from the fatigne measurements captured in the
fatigue measurement substep E11;

[0246] a substep E22 of consolidating the measured car-
diac rhythm, which is implemented by the consolidation
submodule 32, comprising determining a consolidated car-
diac rhythm measurement from the cardiac rhythm measure-
ments captured in the cardiac rhythm measurement substep
E12;

[0247] a substep E23 of consolidating the measured body
temperature, which is implemented by the consolidation
submodule 33, comprising determining a consolidated body
temperature measurement from the body temperature mea-
surements captured in the body temperature measurement
substep E13;

[0248] a substep E24 of consolidating the measured head
orientation, which is implemented by the consolidation
submodule 34, comprising determining a consolidated head
orientation measurement from the head orientation measure-
ments captured in the head orientation measurement substep
E14;

[0249] a substep E25 of consolidating the measured head
movement, which is implemented by the consolidation
submodule 35, comprising determining a consolidated head
movement measurement from the head movement measure-
ments captured in the head movement measurement substep
E15.

[0250] According to the preferred embodiment, the sub-
steps E31, E32 of the first detection function are imple-
mented in respect of the consolidated physiological param-
eter corresponding to the consolidated fatigue measurement.
The consolidated fatigue measurement is compared against
the first predetermined incapacity threshold in the compari-
son substep E31.

[0251] According to the preferred embodiment, the sub-
steps E31, E32 of the first detection function are imple-
mented in respect of the consolidated physiological param-
eters corresponding to the consolidated body temperature
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measurement and to the consolidated cardiac rhythm mea-
surement. The consolidated body temperature measurement
is compared against the second predetermined incapacity
threshold in the comparison substep E31. Likewise, the
consolidated cardiac rhythm measurement is compared
against the third predetermined incapacity threshold in the
first comparison substep E31.

[0252] According to the preferred embodiment, the sub-
steps E33 of the second detection function are implemented
in respect of the consolidated physiological parameters
corresponding to the consolidated head orientation measure-
ment, to the consolidated head movement measurement, to
the consolidated presence measurement, to the consolidated
blink rate measurement and, where appropriate, to the
consolidated normality measurement.

[0253] According to the preferred embodiment, the sub-
steps E34, E35, E36 of the third description function are
implemented in respect of the consolidated physiological
parameters corresponding to the consolidated body tempera-
ture measurement and to the consolidated cardiac rhythm
measurement. The probability of good health for the con-
solidated body temperature measurement is compared
against the first predetermined good health threshold in the
comparison substep E35. The probability of good health for
the consolidated cardiac rhythm measurement is compared
against the second predetermined good health threshold in
the comparison substep E35.

[0254] According to a first alternative form of the pre-
ferred embodiment, the substeps E34, E35, E36 of the third
detection function are implemented in respect of the con-
solidated physiological parameters corresponding to the
consolidated head orientation measurement, to the consoli-
dated head movement measurement, to the consolidated
presence measurement, to the consolidated blink rate mea-
surement and to the consolidated normality measurement.
The probability of good health for the consolidated head
orientation measurement is compared against the third pre-
determined good health threshold in the comparison substep
E35. The probability of good health for the consolidated
head movement measurement is compared against the fourth
predetermined good health threshold in the comparison
substep E35. The probability of good health for the consoli-
dated presence measurement is compared against the fifth
predetermined good health threshold in the comparison
substep E35. The probability of good health for the consoli-
dated blink rate measurement is compared against the sixth
predetermined good health threshold in the comparison
substep E35. Where appropriate, the probability of good
health for the consolidated normality measurement is com-
pared against the seventh predetermined good health thresh-
old in the comparison substep E35.

[0255] According to a second alternative form of the
preferred embodiment, the substeps E34, E35, E36 of the
third detection function are implemented in respect of the
consolidated physiological parameters corresponding to the
consolidated head orientation measurement, to the consoli-
dated head movement measurement, to the consolidated
presence measurement, to the consolidated blink rate mea-
surement and, where appropriate, to the consolidated nor-
mality measurement. The first overall good health probabil-
ity is determined in the substep E34 from the probability of
good health for the consolidated head orientation measure-
ment, from the probability of good health for the consoli-
dated head movement measurement, from the probability of
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good health for the consolidated presence measurement,
from the probability of good health for the consolidated
blink rate measurements, and, where appropriate, from the
probability of good health for the consolidated normality
measurement. The first overall good health probability is
compared against the first predetermined good health prob-
ability in the substep E35.

[0256] According to a first alternative form for the pre-
ferred embodiment, the substeps E34, E35, E36 of the third
detection function are implemented for the consolidated
physiological parameters corresponding to the fatigue mea-
surement, to the body temperature measurement, to the
cardiac thythm measurement, to the consolidated head ori-
entation measurement, to the consolidated head movement
measurement, to the consolidated presence measurement, to
the consolidated blink rate measurement, to the crew mem-
ber movement measurement and, where appropriate, to the
consolidated normality measurement. The probability of
good health for the consolidated body temperature measure-
ment is compared against the eighth predetermined good
health threshold in the comparison substep E35. The prob-
ability of good health for the consolidated cardiac rhythm
measurement is compared against the ninth predetermined
good health threshold in the comparison substep E35. The
probability of good health for the consolidated head orien-
tation measurement is compared against the tenth predeter-
mined good health threshold in the comparison substep E35.
The probability of good health for the consolidated head
movement measurement is compared against the eleventh
predetermined good health threshold in the comparison
substep E35. The probability of good health for the consoli-
dated presence measurement is compared against the twelfth
predetermined good health threshold in the comparison
substep E35. The probability of good health for the consoli-
dated blink rate measurement is compared against the thir-
teenth predetermined good health threshold in the compari-
son substep E35. The probability of good health for the
consolidated crew member movement measurement is com-
pared against the fourteenth predetermined good health
threshold in the comparison substep E35. Where appropri-
ate, the probability of good health for the consolidated
normality measurement is compared against the fifteenth
predetermined good health threshold in the comparison
substep E35.

[0257] According to a second alternative form of the
preferred embodiment, the substeps E34, E35, E36 of the
third detection function are implemented for the consoli-
dated physiological parameters corresponding to the fatigue
measurement, to the body temperature measurement, to the
cardiac thythm measurement, to the consolidated head ori-
entation measurement, to the consolidated head movement
measurement, to the consolidated presence measurement, to
the consolidated blink rate measurement, to the crew mem-
ber movement measurement and, where appropriate, to the
consolidated normality measurement. The second overall
good health probability is determined in the substep E34
from the probability of good health for the consolidated
body temperature measurement, from the probability of
good health for the consolidated cardiac rhythm measure-
ment, from the probability of good health for the consoli-
dated head orientation measurement, from the probability of
good health for the consolidated head movement measure-
ment, from the probability of good health for the consoli-
dated presence measurement, from the probability of good
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health for the consolidated blink rate measurement, from the
probability of good health for the consolidated crew member
movement measurement and, where appropriate, from the
probability of good health for the consolidated normality
measurement. The second overall good health probability is
compared against the second predetermined overall good
health threshold in the substep E35. The incapacity status
adopts a value equal to 1 indicating an incapacity of the crew
member to perform if the second overall good health prob-
ability is below or equal to the second overall good health
threshold. If not, the incapacity status adopts a value equal
to 0 indicating that the crew member does have the capacity
to perform.

[0258] While at least one exemplary embodiment of the
present invention(s) is disclosed herein, it should be under-
stood that modifications, substitutions and alternatives may
be apparent to one of ordinary skill in the art and can be
made without departing from the scope of this disclosure.
This disclosure is intended to cover any adaptations or
variations of the exemplary embodiment(s). In addition, in
this disclosure, the terms “comprise” or “comprising” do not
exclude other elements or steps, the terms “a” or “one” do
not exclude a plural number, and the term “or” means either
or both. Furthermore, characteristics or steps which have
been described may also be used in combination with other
characteristics or steps and in any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which it claims benefit or priority.

1. A method for monitoring a capacity of a crew member
of an aircraft, comprising the following steps:
measuring, which is implemented by at least one mea-
surement module, comprising measuring at least one
physiological parameter regarding the crew member
and in supplying at least one associated confidence
score to the at least one measurement module;

consolidating, which is implemented by at least one
consolidation module, comprising consolidating the at
least one measured physiological parameter and deter-
mining at least one consolidated confidence score
regarding the consolidated physiological parameter;

fusing, which is implemented by a fusion module, com-
prising fusing the consolidated physiological parameter
or parameters to detect at least one physiological status
of the crew member from at least one physiological
status detection function;

filtering, which is implemented by a filtering module,

comprising filtering the at least one physiological status
detected in the fusion step to retain a most probable
physiological status;
determining, which is implemented by a determination
module, comprising determining a level of incapacity
of the crew member from the most probable physi-
ological status determined in the filtering step;

transmitting, which is implemented by a transmission
module, comprising transmitting to a user module a
signal indicative of the level of incapacity of the crew
member.

2. The method according to claim 1, wherein the fusion
step comprises substeps of a first detection function, includ-
ing:

a first comparison substep, implemented by a first com-

parison submodule, comprising comparing at least one
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consolidated physiological parameter against at least
one predetermined incapacity threshold; and

a first determination substep, implemented by a first
determination submodule, comprising determining at
least a first physiological status on a basis of a result of
the comparison of the first comparison substep.

3. The method according to claim 1, wherein the fusion

step comprises substeps of a second detection function,

including;

a second determination substep, implemented by a second
determination submodule, comprising determining at
least a second physiological status from at least one
consolidated physiological parameter and from an
inference system comprising conditional rules and
probability densities, the conditional rules and the
probability densities being based on medical experi-
ments and analysis of medical data.

4. The method according to claim 1, wherein the fusion

step comprises substeps of a third detection function, includ-

ng:

a first computation substep, implemented by a first com-
putation submodule, comprising computing a probabil-
ity of good health, the probability of good health
corresponding to a probability of a crew member in
good health encountering the consolidated physiologi-
cal parameter or parameters;

a second comparison substep, implemented by a second
comparison submodule, comprising comparing the
probability of good health against at least one prede-
termined good health threshold; and

a third determination substep, implemented by a third
determination submodule, comprising determining at
least one third physiological status on a basis of a result
of the comparison of the second comparison substep.

5. The method according to claim 1, wherein the filtering

step comprises the following substeps:

a second computation substep, implemented by a second
computation submodule, comprising computing a
mean of the at least one confidence score for the at least
one physiological status detection function, the confi-
dence score being associated with the measurement
module configured to measure the at least one physi-
ological parameter used by the physiological status
detection function;

a third comparison substep, implemented by a third com-
parison submodule, comprising comparing the mean
calculated in the second computation substep against a
predetermined confidence score threshold; and

a fourth determination substep, implemented by a fourth
determination submodule, comprising determining a
most probable physiological status based on a result of
the comparison of the third comparison substep.

6. The method according to claim 1, wherein the mea-

surement step comprises the following substeps:

a substep of measuring fatigue, implemented by a first
fatigue measurement module located in a headset con-
figured to be donned by the crew member and by a
second fatigue measurement module located in a first
video equipment configured to capture images of the
crew member, comprising capturing measurements of
the fatigue of the crew member;

a substep of measuring cardiac rhythm, which is imple-
mented by a first cardiac rhythm measurement module
located in the headset, a second cardiac rhythm mea-
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surement module located in the first video equipment
and a third cardiac rhythm measurement module
located in a seat configured to accept the crew member,
comprising capturing measurements of the cardiac
rhythm of the crew member;

a substep of measuring body temperature, which is imple-
mented by a first body temperature measurement mod-
ule located in the headset, a second body temperature
measurement module located in the first video equip-
ment and a third body temperature measurement mod-
ule located in the seat, comprising capturing measure-
ments of the body temperature of the crew member;

a substep of measuring head orientation, which is imple-
mented by a first head orientation measurement module
located in the headset and a second head orientation
measurement module located in the first video equip-
ment, comprising capturing measurements of the ori-
entation of a head of the crew member;

a substep of measuring head movement, which is imple-
mented by a first head movement measurement module
located in the headset and a second head movement
measurement module located in the first video equip-
ment, comprising capturing measurements of the
movement of the head of the crew member;

a substep of measuring blink rate, which is implemented
by an ocular measurement module located in the first
video equipment, comprising capturing measurements
of a frequency at which the crew member blinks;

a substep of measuring presence, which is implemented
by a presence measurement module located in the first
video equipment, comprising capturing measurements
of the presence of the crew member;

a substep of measuring movement, which is implemented
by a movement measurement module located in the
seat, comprising capturing measurements of the move-
ment of the crew member.

7. The method according to claim 6, wherein the consoli-

dation step comprises the following substeps:

a substep of consolidating the measured fatigue, imple-
mented by a first consolidation submodule, comprising
determining a consolidated fatigue measurement from
the fatigue measurements captured in the fatigue mea-
surement substep;

a substep of consolidating the measured cardiac rhythm,
implemented by a second consolidation submodule,
comprising determining a consolidated measurement
for cardiac rhythm from the cardiac rhythm measure-
ments captured in the cardiac rhythm measurement
substep;

a substep of consolidating the measured body tempera-
ture, implemented by a third consolidation submodule,
comprising determining a consolidated body tempera-
ture measurement from the body temperature measure-
ments captured in the body temperature measurement
substep;

a substep of consolidating the measured head orientation,
implemented by a fourth consolidation submodule,
comprising determining a consolidated head orienta-
tion measurement from the head orientation measure-
ments captured in the head orientation measurement
substep;

a substep of consolidating measured head movement,
implemented by a fifth consolidation submodule, com-
prising determining a consolidated head movement
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measurement from the head movement measurements
captured in the head movement measurement substep.
8. The method according to claim 6,
wherein the fusion step comprises substeps of a first
detection function, including:

a first comparison substep, implemented by a first
comparison submodule, comprising comparing at
least one consolidated physiological parameter
against at least one predetermined incapacity thresh-
old; and

a first determination substep, implemented by a first
determination submodule, comprising determining
at least a first physiological status on a basis of a
result of the comparison of the first comparison
substep, and

wherein the substeps of the first detection function are
implemented in respect of the consolidated physiologi-
cal parameter corresponding to the consolidated fatigue
measurement,

the first physiological status corresponding to a fatigue
status,

the consolidated fatigue measurement being compared
against a first predetermined incapacity threshold in the
first comparison substep.

9. The method according to claim 6,

wherein the fusion step comprises substeps of a first
detection function, including:

a first comparison substep, implemented by a first
comparison submodule, comprising comparing at
least one consolidated physiological parameter
against at least one predetermined incapacity thresh-
old; and

a first determination substep, implemented by a first
determination submodule, comprising determining
at least a first physiological status on a basis of a
result of the comparison of the first comparison
substep, and

wherein the substeps of the first detection function are
implemented in respect of the consolidated physiologi-
cal parameters corresponding to the consolidated body
temperature measurement and to the consolidated car-
diac rhythm measurement,

the first physiological statuses corresponding to a febrile
status and to a cardiac status,

the consolidated body temperature measurement being
compared against a second predetermined incapacity
threshold in the first comparison substep, the consoli-
dated cardiac rhythm measurement being compared
against a third predetermined incapacity threshold in
the first comparison substep.

10. The method according to claim 6,

wherein the fusion step comprises substeps of a third
detection function, including:

a first computation substep, implemented by a first
computation submodule, comprising computing a
probability of good health, the probability of good
health corresponding to a probability of a crew
member in good health encountering the consoli-
dated physiological parameter or parameters;

a second comparison substep, implemented by a second
comparison submodule, comprising comparing the
probability of good health against at least one pre-
determined good health threshold; and
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a third determination substep, implemented by a third
determination submodule, comprising determining
at least one third physiological status on a basis of a
result of the comparison of the second comparison
substep,
wherein the substeps of the third detection function are
implemented in respect of the consolidated physiologi-
cal parameters corresponding to the consolidated body
temperature measurement and to the consolidated car-
diac rhythm measurement,

the third physiological statuses corresponding to a febrile
status and to a cardiac status,

the probability of good health for the consolidated body

temperature measurement being compared against a

first predetermined good health threshold in the second

comparison substep,

the probability of good health for the consolidated cardiac
rhythm measurement being compared against a second
predetermined good health threshold in the second
comparison substep.

11. The method according to claim 6,

wherein the fusion step comprises substeps of a second
detection function, including:

a second determination substep, implemented by a
second determination submodule, comprising detet-
mining at least a second physiological status from at
least one consolidated physiological parameter and
from an inference system comprising conditional
rules and probability densities, the conditional rules
and the probability densities being based on medical
experiments and analysis of medical data,

wherein the substeps of the second detection function are
implemented in respect of the consolidated physiologi-
cal parameters corresponding to the consolidated head
orientation measurement, to the consolidated head
movement measurement, to the consolidated presence
measurement and to the consolidated blink rate mea-
surement,

the second physiological status corresponding to a first
consciousness level status.

12. The method according to claim 6,

wherein the fusion step comprises substeps of a third
detection function, including:

a first computation substep, implemented by a first
computation submodule, comprising computing a
probability of good health, the probability of good
health corresponding to a probability of a crew
member in good health encountering the consoli-
dated physiological parameter or parameters;

a second comparison substep, implemented by a second
comparison submodule, comprising comparing the
probability of good health against at least one pre-
determined good health threshold; and

a third determination substep, implemented by a third
determination submodule, comprising determining
at least one third physiological status on a basis of a
result of the comparison of the second comparison
substep,
wherein the substeps of the third detection function are
implemented in respect of the consolidated physiologi-
cal parameters corresponding to the consolidated head
orientation measurement, to the consolidated head
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movement measurement, to the consolidated presence

measurement and to the consolidated blink rate mea-

surement,

the third physiological status corresponding to a second
consciousness level status,

a first probability of good overall health being determined
in the first computation substep from a probability of
good health for the consolidated head orientation mea-
surement, a probability of good health for the consoli-
dated head movement measurement, a probability of
good health for the consolidated presence measurement
and a probability of good health for the consolidated
blink rate measurement,

the first probability of overall good health being compared
in the second comparison substep against a first pre-
determined overall good health threshold.

13. The method according to claim 1,

wherein the fusion step comprises substeps of a third
detection function, including:

a first computation substep, implemented by a first
computation submodule, comprising computing a
probability of good health, the probability of good
health corresponding to a probability of a crew
member in good health encountering the consoli-
dated physiological parameter or parameters;

a second comparison substep, implemented by a second
comparison submodule, comprising comparing the
probability of good health against at least one pre-
determined good health threshold; and

a third determination substep, implemented by a third
determination submodule, comprising determining
at least one third physiological status on a basis of a
result of the comparison of the second comparison
sub step,

wherein the substeps of the third detection function are
implemented in respect of the consolidated physiologi-
cal parameters corresponding to the fatigue measure-
ment, to the body temperature measurement, to the
cardiac rhythm measurement, to the consolidated head
orientation measurement, to the consolidated head
movement measurement, to the consolidated presence
measurement, to the consolidated blink rate measure-
ment and to the measurement of the movement of the
crew member,

the third physiological status corresponding to a crew
member incapacity status,
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a second probability of overall good health is determined
in the first computation substep from a probability of
good health for the consolidated body temperature
measurement, a probability of good health for the
consolidated cardiac rhythm measurement, a probabil-
ity of good health for the consolidated head orientation
measurement, a probability of good health for the
consolidated head movement measurement, a probabil-
ity of good health for the consolidated presence mea-
surement, a probability of good health for the consoli-
dated blink rate measurement and a probability of good
health for the consolidated measurement of the move-
ment of the crew member,

the second probability of overall good health being com-
pared in the second comparison step against a second
predetermined overall good health threshold.

14. A device for monitoring a capacity of a crew member

of an aircraft, comprising:

at least one measurement module, configured to measure
at least one physiological parameter regarding the crew
member and to supply at least one associated confi-
dence score to the at least one measurement module;

at least one consolidation module, configured to consoli-
date the at least one measured physiological parameter
and to determine a consolidated confidence score
regarding the at least one consolidated physiological
parameter;

a fusion module, configured to fuse the at least one
consolidated physiological parameter in order to detect
at least one physiological status of the crew member
from at least one physiological status detection func-
tion;

a filtering module, configured to filter the at least one
physiological status detected by the fusion module to
retain a most probable physiological status;

a determination module, configured to determine a level
of incapacity of the crew member from the most
probable physiological status determined by the filter-
ing module;

a transmission module, configured to transmit to a user
module a signal indicative of the level of incapacity of
the crew member.

15. An aircraft comprising a device according to claim 14

for monitoring the capacity of a crew member of an aircraft.
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