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Various embodiments relate to methods, devices, and sys-
tems for ascertaining a sedentary body posture of a subject
including: determining if the subject is in a sedentary state
when the subject is sedentary for a pre-determined time;
receiving a heart rate signal for least one heart rate feature
when the subject is in the sedentary state; deriving at least
one heart rate feature value when the subject is in the
sedentary state further including filtering an arousal value
from the received heart rate signal, so as to reduce an
influence of the arousal on the determination of the seden-
tary posture; and determining the sedentary body posture of
the subject based on a comparison between the derived at
least one heart rate feature value and a pre-determined range
associated with the corresponding at least one heart rate
feature, wherein for each sedentary body posture, a pre-
determined range is stored.
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DETERMINING A SEDENTARY STATE OF A
SUBJECT

TECHNICAL FIELD

[0001] Various embodiments relate to activity tracking
and more particularly, but not exclusively, to a method, a
device, and a system for determining a sedentary state of a
subject.

BACKGROUND

[0002] In the field of healthcare, fitness and leisure activi-
ties, the use of activity trackers or activity momtors for
monitoring a physical activity of a subject has become more
and more popular. Starting from pedometers, which count
the number of steps, the technology has evolved towards
more sophisticated activity trackers which distinguish
between different types of physical activities such as walk-
ing, running or cycling. For example, walking and running
can be distinguished from being sedentary based on a step
frequency. Exemplary systems feature for example a wrist
band with a sensor, wherein the wristband is in communi-
cation with a smart phone that is running a fitness tracking

app.
SUMMARY

[0003] While existing activity trackers successfully dis-
tinguish between different types of activities, such as walk-
ing and running, they do not distinguish between different
sedentary states, such as standing, sitting and lying. Static
sedentary body postures, such as standing, sifting and lying,
are hard to distinguish by means of unobtrusive wearable
devices such as motion sensors. For instance, the current
activity trackers using motion sensors only determine if the
subject is sedentary, however, these trackers do not provide
further information if the person is sedentarily standing,
sitting or lying.

[0004] Knowing whether a subject is sedentarily standing/
sitting/lying can be very relevant information in many
instances. For example, pregnant women are at high risk of
lower limbs edema and of developing varicose veins when
standing still. In some occupations standing still is a com-
mon postural behavior, for example for hairdressers or
production workers, which increases the risk for those
workers of problems to the lower limbs. Similarly seden-
tarily siting for a longer period of time might not be helpful
for employees who have desk/office jobs

[0005] Accordingly, various embodiments described
herein provide an alternative method and a device for
determining a sedentary state of a subject which does not
require evaluating signals from multiple sensors at different
locations of the user’s body to detect the individual positions
of each body part.

[0006] Various embodiments described herein relate to a
method for determining a sedentary state of a subject is
presented that include: determining if the subject is in a
sedentary state, wherein the subject is determined to be in
the sedentary state when the subject is being sedentary for at
least a pre-determined time threshold; receiving a heart rate
signal indicative of at least one heart rate feature of the
subject; deriving, from the obtained heart rate signal, at least
one heart rate feature value corresponding to at least one
heart rate feature, when the subject is determined to be in the
sedentary state, wherein deriving the heart rate feature value
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further includes filtering (S7) an arousal value from the
received heart rate signal, so as to reduce an influence of the
arousal on the determination of the sedentary posture; and
determining the sedentary body posture of the subject based
on a comparison between the derived at least one heart rate
feature value and a pre-determined range associated with the
corresponding at least one heart rate feature, wherein for
each sedentary body posture a pre-determined range corre-
sponding to the at least one heart feature is stored.

[0007] Various embodiments are partly based on the
insight that different sedentary body postures can be reliable
distinguished on the basis of heart rate features, such as heart
rate, heart rate variability, etc. Thus, recognizing range of
these heart rate features corresponding to each sedentary
body posture and using it to identify different sedentary body
postures by receiving real-time information from the heart
rate feature signal enables distinguishing different sedentary
body postures.

[0008] In a further embodiment, the pre-determined time
threshold is selected based on recovery time associated with
subject-specific characteristics, such as, male, young, fit, etc.
The recovery time can be thus selected from standard
population data. In a yet further embodiment, the pre-
determined time threshold can be personalized to the subject
based on his/her personal recovery time, in other words,
his/her resting heart rate.

[0009] In an embodiment, filtering the arousal value fur-
ther includes a. receiving Inter-Beat-Intervals (IBls) for a
pre-defined recording time, wherein the Inter-Beat-Intervals
being a heart rate feature; b. plotting a frequency distribution
of the IBIs gathered in the pre-defined recording time; and
c. comparing the plotted frequency distribution in the pre-
defined recording time with a template frequency distribu-
tion associated with IBIs for different sedentary body pos-
tures.

[0010] In an embodiment, the comparison between the
two frequency distributions further includes comparing the
mean IBIs associated with each of the frequency distribu-
tions, wherein the comparison of the mean IBIs determines
the sedentary body posture.

[0011] In a further embodiment, filtering the arousal value
further includes calculating a heart rate (HR ,,,,,,..;) indica-
tive of arousal based on Galvanic Skin Response (GSR)
signal and removing the calculated the heart rate (HR ,,,,..))
indicative of arousal from the overall heart rate (HR,,,,)
received from the heart rate signal to derive the heart rate
(HR.encar,) indicative of the sedentary body posture,
wherein the heart rate is a heart rate feature.

[0012] The arousal value is indicative of the arousal
component present in the derived heart rate feature value.
Various examples of the arousal component may include but
are not limited to cognitive load, tension, stress induced by
loud noise, perceived danger, excitement, joy, etc. One can
imagine that in the moments of arousal the heart rate gets
elevated. Thus, it is very important that the method deter-
mines if the heart signal indicative of the heart rate feature
value includes any influence because of arousal. If such a
determination of arousal component is not present, then
there are high chances that the body posture will be mis-
classified/incorrectly determined. In some embodiments, the
arousal value corresponding to arousal component in the
heart rate signal is measured based on the heart rate feature
information. In another embodiment, the arousal component
in the heart signal is measured based on skin conductance.
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In an embodiment, the sedentary body posture is one of
sedentarily standing, sedentarily sitting and sedentarily
lying. In other words, these are different types of sedentary
body postures.

[0013] The method has numerous advantages. The method
helps the user to understand if he is in a particular sedentary
body posture. It helps the user to timely take actions in order
to avoid being in the sedentary posture for a longer period
of time. For instance, if the person is constantly sitting for
a long time then a method as described above gives him
information about his sedentary state so that he can take an
action, such as a coffee break, to move out the sedentary
state.

[0014] In various embodiments, the heart rate feature is at
least one of a group including a heart rate (beats per minute)
and a heart rate variability feature. Various examples of heart
rate variability features include but are not limited to

[0015] a mean inter beat interval of the heart rate;
[0016] astandard deviation of the mean inter beat interval,
[0017] a low frequency power parameter indicative of a

power in the spectral band between 0.04 and 0.15 Hz;
[0018] a high frequency power parameter indicative of a
power in the spectral band between 0.15 and 0.4 Hz;

[0019] a mean of absolute successive inter beat intervals
differences;
[0020] a root-mean-square of successive inter beat inter-

vals differences;
[0021] a percentage of successive inter beat interval dif-
ferences larger than 50 ms;

[0022] a standard deviation of successive inter beat inter-
val differences;

[0023] a phase of the high frequency pole;

[0024] a sample entropy; and

[0025] a Teager-Kaiser energy.

[0026] In afurther embodiment, determining if the subject

is sedentary further includes checking if the motion infor-
mation corresponding to the subject is below a pre-deter-
mined motion threshold. For instance, the motion informa-
tion from the user may indicate that the person is not
moving, however, it is important to understand if the person
is truly sedentary. Thus, only if the motion information is
below a pre-determined motion threshold it is determined
that the person is sedentary. The motion information may be
further recorded for a pre-defined time interval/a pre-detet-
mined time threshold, for instance 2 minutes. Thus in
combination if the motion information is below the pre-
determined motion threshold for the pre-determined time
interval, the user can be ascertained to be sedentary.
[0027] In yet another embodiment, the pre-defined time
interval can be further set by the subject based on his work
profile.

[0028] In a further embodiment, the pre-determined range
of at least one derived heart rate feature corresponding to
each sedentary body posture is stored in at least one of a
table and/or in form of a Gaussian distribution. As described
above, the at least one derived heart rate feature value is
compared with the stored ranges to determine the sedentary
body posture. One of the ways is to store the ranges
associated with each sedentary body posture is in form of a
lookup table. Inventors have realized that in each sedentary
body posture, the human heart behaves in a particular
fashion. For instance, when the user 1s sedentarily standing,
the heart rate, or the mean heart rate, of the user is typically
between greater than 73 bpm (beats per minute). Similarly,
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for sedentarily sitting (62-73 bpm) and for sedentarily lying
less than 62 bpm is observed. The corresponding ranges are
stored in the look up table. Thus in practice, once the subject
is determined to be in a sedentary state; his heart rate feature
value(s) is derived. For instance, mean of heart rate can be
calculated for a pre-defined recording time, such as 20
seconds, after the person was determined to be sedentary.
The mean heart rate can be then looked up in the table to
determine the corresponding sedentary body posture accord-
ingly. In an embodiment, the coeflicient of variation of heart
rate feature values (in this case for mean heart rate value) for
these 20 seconds is set to be less than 20%.

[0029] In another embodiment, the heart rate feature value
can be derived for the pre-defined time interval in which
subject was determined to be sedentary. In other words, the
heart rate feature value need not be determined after the user
was ascertained to be sedentary but in the pre-defined
interval itself in which he was determined to be sedentary.
In yet another embodiment, the heart rate feature value can
be derived for the pre-defined time interval in which the
subject was determined to be in the sedentary state and the
pre-defined recording time after the user was ascertained to
be in the sedentary state.

[0030] In a further embodiment, another way to store the
ranges 1s in form of a Gaussian frequency distribution of
heart rate/heart rate variability feature, such as Inter-beat
Intervals. For instance, a template frequency distribution,
also may be referred to as a baseline distribution, of inter
beat intervals (IBIs) can be stored for a particular sedentary
body posture. In practice, once it is determined that the user
is sedentary, the inter-beat intervals are recorded and a
frequency distribution of the inter bear intervals is plotted.
Thereafter the sedentary posture is determined based on the
comparison between plotted distribution and the stored
template distribution. A yet another way is also to determine
mean of the template distribution which can be used as the
baseline to compare the mean IBI from the plotted distri-
bution. The mean IBIs can be further stored for each of the
sedentary body postures in form a lookup table.

[0031] In a further embodiment, the method calibrates the
pre-determined range corresponding to the at least one heart
rate feature for each of the sedentary posture. This is in
particular advantageous as a standard look up table or
Gaussian distribution for a human may vary from subject to
subject. In an embodiment, the method can start with a look
up table and/or Gaussian distribution as pre-stored informa-
tion and then calibrate/personalize the ranges for each
sedentary posture corresponding to the user. For instance, in
a calibration phase, the user can be prompted to verify if the
identified sedentary posture is indeed the body posture he is
in currently. If not, then the new range information for the
corresponding body posture can be stored accordingly.
Another way to personalize is to provide one or more
instructions to the subject in order to bring the subject in a
sedentary body posture and subsequently record/store a new
range corresponding to the at least one heart rate feature
associated with the sedentary body posture. The new range
can be thereafter used as the pre-determined range for
ascertaining the sedentary body posture of the user. The
instructions can be provided to the subject in form of voice
commands, graphical user interface, etc.

[0032] In a further embodiment, the method further
includes alerting the subject if the subject is determined to
be in the sedentary posture for a time period greater than a
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pre-defined sedentary time threshold. This is in particular
beneficial to the user as he can then move out of the posture
in order to avoid various health hazards. For instance, if a
sedentary employee is regularly informed about his behav-
ior, he might start to break the behavior by taking regular
walks and thus improving his overall health.

[0033] Insome embodiments, the method described above
is computer implemented.

[0034] Various embodiments described herein relate to a
device for ascertaining a sedentary body posture of a subject.
The device includes a sedentary state determination unit
configured to check if the subject is in a sedentary state,
wherein the subject is determined to be in the sedentary state
when the subject is being sedentary for at least a pre-
determined time threshold; an input unit for obtaining a
heart rate signal indicative of at least one heart rate feature
of the subject; a heart rate feature unit for deriving, from the
obtained heart rate signal, at least one heart rate feature
value corresponding to at least one heart rate feature, when
the subject is in the sedentary state, wherein the heart rate
feature unit further including an arousal determination unit
for filtering an arousal value from the received heart rate
signal, so as to reduce an influence of the arousal on the
determination of the sedentary posture; a storage unit for
storing pre-determined ranges of the heart rate feature values
for each of a plurality of the sedentary body postures; and a
sedentary body posture determination unit for determining
the sedentary body posture of the subject based on compari-
son between the at least one derived heart rate feature value
and the stored ranges.

[0035] In a further embodiment, the device further
includes a calibration unit for calibrating the pre-determined
range corresponding to the at least one heart rate feature for
each of the sedentary. In various embodiments, the calibra-
tion unit is further arranged for providing one or more
instructions to the subject in order to bring the subject in a
sedentary body posture; recording a new range correspond-
ing to the heart rate feature associated with the sedentary
body posture; and storing the recorded new range as the
pre-determined range corresponding to the at least one heart
rate feature associated with the sedentary body posture in the
storage unit.

[0036] In a further embodiment, the device further
includes an alert unit to alert the subject if the subject is
determined to be in the sedentary posture for a time period
greater than a pre-defined sedentary time threshold. Various
examples of the alert signal include but are not limited to an
audible signal, a visual signal, a tactile signal or any com-
bination thereof. For example, assuming that the apparatus
is implemented by a smart phone and/or a wearable device,
such as a wrist watch, a sound can be emitted as an audible
signal, a message can be displayed on a display screen as a
visual signal and/or a vibration can be effected as a tactile
signal.

[0037] Various embodiments described herein relate to a
system including an accelerometer for providing motion
information of the subject; a heart rate sensor for receiving
a heart signal indicative of at least one heart rate feature of
the subject; a device for determining the sedentary body
posture of the subject; whereby the device configured to
check if the subject is in a sedentary state on the basis of the
motion information provided by the accelerometer and the
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heart rate signal provided by the heart rate sensor, and an
output interface for outputting the determined sedentary
body posture.

[0038] The system as presented above may further include
a housing for housing the accelerometer and hear rate sensor,
the device and the output interface; and a holding element
for holding the housing at body part of the subject. Various
examples of such a system include but are not limited to a
wearable device, such as a wrist worn device, ankle worn
device, etc. and a mobile device along with a strap to
conform to at least one body part, such as upper arm, of the
subject. The accelerometer may be worn by the subject at
different wearing positions, such as neck, pocket, thigh and
wrist. In some embodiments, the whole system, including
the not only the accelerometer but also the device and an
output interface (e.g. a display) is worn by the subject. In
other embodiments the accelerometer signals may be trans-
mitted to the device in any suitable way, e.g. in a wired or
wireless manner, which may be effected on the fly (i.e. in
real time during the activity) or later (i.e. in non-real time
after the activity). The device may e.g. be an application
running on a smart device, such as a smartphone, tablet,
smart watch, fitness device, lifestyle device or computer.
[0039] In some embodiments described herein, there are
provided a computer program which includes program code
means for causing a computer 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 per-
formed.

[0040] It shall be understood that the claimed device and
system have similar and/or identical embodiments as the
claimed method for determining a sedentary state of a
subject.

[0041] These and other aspects will be apparent from and
elucidated with reference to the embodiments described
hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] These and other aspects will be apparent from and
elucidated with reference to the embodiments described
hereinafter. In the following drawings

[0043] FIG. 1 shows a flow chart of a method for ascer-
taining a sedentary body posture of a subject according to an
embodiment;

[0044] FIG. 2a shows a graph depicting motion informa-
tion in relation to the time according to the embodiment;
[0045] FIG. 2b shows a Gaussian frequency distribution of
a heart rate feature, i.e. Inter beat Intervals, for sedentarily
lying in an ideal state, i.e. without the influence of arousal,
according to the embodiment;

[0046] FIG. 3 shows impact of arousal component on a
heart rate feature and skin conductance according to an
embodiment.

[0047] FIG. 4 shows relation between skin conductance
and arousal according to the embodiment;

[0048] FIG. 5a shows a frequency distribution of the IBIs
in a sedentary body posture along with arousal according to
another embodiment;

[0049] FIG. 56 shows a comparison between the fre-
quency distribution of 1BIs without the influence of arousal
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and the frequency distribution of IBIs with the influence of
arousal according to another embodiment;

[0050] FIG. 6 shows a system including a device accord-
ing to an embodiment;

[0051] FIG. 7 shows the device ascertaining a sedentary
body posture of a subject according to an embodiment; and
[0052] FIG. 8 shows a system including the device accord-
ing to another embodiment.

DETAILED DESCRIPTION

[0053] FIG. 1 shows a flow chart 100 of a method for
ascertaining a sedentary body posture of a subject according
to an embodiment. The flowchart 100 has been explained in
conjunction with FIGS. 2-5.

[0054] The method begins at S1, wherein accelerometer
data is received. The accelerometer data is indicative of
motion of the subject. If at S2 the motion information is
determined to be above a pre-determined motion threshold
then it is understood that the subject is in motion at S3.
However, if at S2 the motion information is below the
pre-determined motion threshold, then the user is ascer-
tained/classified to be in sedentary state at S4. In an embodi-
ment, the pre-determined motion threshold can be defined as
a limit below which if motion information is observed in a
motion signal, then the subject is considered to be sedentary
and above which the subject is considered to be non-
sedentary. Further, in some embodiments, when the motion
information is below the pre-determined motion threshold
for a pre-defined time interval, the subject is ascertained to
be in the sedentary state. As depicted in FIG. 2a, the motion
information over time is plotted and the pre-determined
motion threshold is set at value 5 for the activity count. In
an embodiment, the activity count is a parameter to represent
motion information. Thus, if the motion information is
determined to be below 5 for the activity count then the
subject can be ascertained to be in the sedentary state.
However, it has to be understood for the convenience of the
user and efficiency of the sedentary state determination,
motion information below the pre-determined motion
threshold should be considered in combination with the
pre-defined time interval/pre-determined time threshold. In
this case, it can be clearly seen that if the motion information
is below the pre-determined threshold for at least 3 minutes
then the person is ascertained to be in the sedentary state,
however, if the motion information is below the pre-deter-
mined motion threshold but for less than the pre-defined
time interval, such as 1 minute, then the person is not
ascertained to be in the sedentary state.

[0055] Inan embodiment, the pre-determined time thresh-
old can be based on a general population data, in which the
time threshold is set such that any immediate effects of
elevated heart rate, such as after performing an activity are
filtered or effects of orthostatic hypotension due to standing
up from lying are automatically filtered as elevated heart rate
returns to a resting heart rate. It is also termed as recovery
time. In other words, the pre-determined time threshold can
also be set/chosen based on the recovery time. It is to be
noted that the recovery times differ for different people
based on various factors, such as age, sex, health status etc.
Thus, user-specific characteristics play an important role in
understanding/setting of the pre-determined time threshold.
Table 1 below provides recovery times related to different
users.
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TABLE 1

Type of User Recovery Time (minutes)

Young Fit Males
Young Unfit Males
Young Fit Females

Young Unfit Females
Old Fit Males

Old Unfit Males

Old Fit Females
Old Unfit Females

SR N N
n

—

[0056] At S5, once the user is ascertained to be in the
sedentary state, the heart rate signal (information) is
received. At least one heart rate feature value is derived from
the heart rate information at S6. In an embodiment, the heart
rate feature is in form of either heart rate (beats per minute)
or Inter Beat Intervals (IBIs in ms). In an alternate embodi-
ment, the pre-determined time threshold mentioned above
can be also personalized based on the recovery time. Thus,
after the heart rate feature, such as heart rate, is received, the
method can further wait for heart rate to reach the resting
heart rate and then proceed with sedentary posture determi-
nation as mentioned below.

[0057] The inventors have realized that the mean of IBIs
and heart rate are in a particular range for each of the
sedentary body postures, namely, sedentarily lying, seden-
tarily sitting and sedentarily standing. Table 2 below pro-
vides the range of mean HR and IBIs for each of the
sedentarily body postures. In an embodiment, the mean HR
and IBIs for each posture is indicative of an ideal situation
of heart, i.e. without any influence of the arousal.

TABLE 2
Lying Sitting Standing
Mean HR (bpm) <62 bpm 62-73 bpm >73 bpm
Mean IBI (ms) >968 ms 822-968 ms <822 ms

Table 2 provides the pre-determined range for each seden-
tary posture of heart rate and IBIs that is indicative of
general population data. Such population data can be gath-
ered for various heart rate features. In an alternate embodi-
ment, the ranges above can also be calibrated during a
calibration phase for the user. For instance, a protocol can be
followed by the user, in which, the user can be asked to be
in different sedentary body postures and accordingly the
corresponding heart rate feature range for each posture for
the user can be stored in the table. Thereafter, the calibrated
ranges can be used for determining sedentary postures. This
is in particular advantageous when the user is suffering from
a chronic heart disease because of which his heart rate/IBI
does not fall in or follow a typical population data. Few
examples of such heart diseases could be bradycardia,
tachycardia, atrial fibrillation, etc. Similarly, such ranges for
different heart rate features can be accordingly understood
and stored in form of tables and be used for ascertaining
sedentary body postures.

[0058] In another embodiment the frequency distribution
of IBIs can be stored for each of the sedentary body posture.
It is understood by the inventors that frequency distribution
of the IBIs follows a Gaussian frequency distribution. An
example of frequency distribution of IBIs for sedentarily
lying is shown in FIG. 25. Such template also be pre-stored
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as a baseline distribution which can be later used for
ascertaining the sedentary body posture.

[0059] At S7, influence of arousal is removed/filtered from
the derived heart rate feature value. It may be appreciated by
a person skilled in the art that when the person is sedentary,
there are instances when he may be thinking, tensed, etc.
which invariably increases the cognitive load or stress on the
subject. In such instances, the arousal increases the heart rate
or in other words it decreases the mean IBIs. Thus, it may
be advantageous to remove effect of the arousal from the
derived heart rate feature value before ascertaining seden-
tary body posture. There are various ways to remove arousal
from the heart rate signal.

[0060] Inan embodiment, influence of arousal is removed
based on the skin conductance measured during the person
is sedentary to further determine one of the sedentary body
postures. It is well known in the art already that influence of
arousal can be seen in skin conductance of the subject. For
instance, in an example depicted in FIG. 3, the subject is
sedentary and in a point in time (at t10) a loud noise is
introduced. It can be seen that influence of arousal, such as
of a loud noise, is seen in the heart rate signal and skin
conductance signal between t10-t12. For rest of the time, i.e.
t1-110, both the signals were rather constant without any
spikes.

[0061] Removal of arousal component from the heart rate
information based on the skin conductance is further
explained with the help of the above example. In the current
embodiment, the relation between arousal and skin conduc-
tance (SC) can be plotted in linear fashion. Thus, the relation
between arousal and skin conductance mathematically can
be expressed as

SC=a,+a, Arousal H

where SC is average skin conductance value during the
arousal moment. In this case SC=6 pS based on FIG. 3
(arousal depicted in the dotted lines); and o, and a, are
pre-defined constants. In the current example, ;=3 pS and
,=0.5 Thus, based on (1) Arousal can be calculated as 6.
The relation between arousal and skin conductance is further
plotted in FIG. 4.

[0062] Further, heart rate value attributing solely due to
the influence of arousal, also can be referred to as arousal
value, can be expressed mathematically as

(HR 4y ouisa1) =P Arousal @

In the current formula $=2.5 is a constant, thus, based on the
calculated arousal from (1), HR, ., is calculated based on
(2) as 15 bpm. In other words heart rate indicative of arousal
is 15 bpm.

Furthermore, in the current example, HR, , , is the heart rate
information including arousal, which can be further
expressed as:

HR

[0063] Thus, if the incoming mean heart rate information,
ie. from 10-t12, is 87 bpm, the HR (Heart rate

sedentary

indicative of sedentary body posture) based on (3) is 72

bpm.

[0064] After the heart rate feature value (HR,,zz0,) 10
this case the heart rate, is determined, it is compared with the
pre-defined ranges provided in Table 1 for the different

sedentary body postures at S8. The comparison leads to

_ A
rora HR codentart HR 4rousar 3
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ascertaining sedentary body posture as “sedentary sitting” at
S9. The subject may then be alerted to change the posture or
take a break at S10.

[0065] In another embodiment, unlike the linear relation
expressed above, the relation between arousal and skin
conductance; and between arousal and heart rate features
can be expressed in more complex mathematical models.
[0066] Another way of removing influence of arousal from
the heart rate feature is described below. In the current
example, the heart rate feature is IBIs. As explained above,
inventors have realized that the IBIs follow a typical Gauss-
ian Frequency Distribution (FIG. 25). Thus, if the person is
ascertained to be sedentary at S4, the IBIs associated with
the heart rate information received at S5 are derived at S6
and constantly plotted as frequency distribution for a pre-
defined recording time. In an embodiment, the pre-defined
recording time is 5 minutes. The pre-defined recording time
is based on the insight that data gathered in this time must
be sufficient for analysis of posture determination. The
inventors have found that typically five minutes is a good
indication for gathering heart rate features. An exemplary
plotting of IBIs derived at S6 is depicted in FIG. Sa.
Thereafter to determine the sedentary body posture, it is
checked if it matches the template Gaussian distribution,
such as depicted in FIG. 2b. However, given that the person
1s under the influence of arousal, the frequency distribution
will change shape from a normal Gaussian distribution (FIG.
2b) to a bi-modal skewed distribution (as depicted in FIG.
5a).

[0067] Since it is understood that the highest IBIs (lowest
HR), i.e. most frequent IBI, is related to the posture (in the
example, between 1120 ms and 1130 ms, the bigger curve on
the right (FIG. 5a) will be associated to the current posture,
whereas the IBIs values forming the left curve will be
associated to arousal and not to posture. In an embodiment,
the association of the bigger curve to the sedentary posture
is based on the percentage of frequency distribution in the
pre-defined IBI range. In this case, it is evident that majority
of the range is in the “Lying” posture. Thus, the comparison,
depicted in FIG. 55, between the bi-modal skewed distri-
bution and the template Gaussian distribution for “Lying”
will filter/remove the IBIs arising from the arousal. These
filtered values will provide mean IBIs ascribable solely to
posture. In this example:

[0068] Mean IBIs before filtering 967 ms (i.e. based on
FIG. 5q)
[0069] Mean IBIs after filtering 980 ms

Thus, the means IBIs after filtering, i.e. removing the arousal
value (in this case 980-967=23 ms), is indicative of the
current sedentary body posture. It is understood that a person
skilled in the art is aware of comparing such frequency
distribution curves to isolate the outliers (in this case the
arousal component). One of the ways used in statistical
analysis is called curve fitting.

[0070] At S8, 980 ms is looked up in the table 1 and it is
ascertained that the body posture is “lying down™ at S9. It
can be seen that if the mean IBIs were not filtered by
removing the means IBIs resulting from the arousal, then the
sedentary posture would have been misclassified as “seden-
tary sitting”. The term “filtering’ in the current embodiment
means to compensate/adjust the mean IBIs information by
removing the effect of the arousal effect on IBI.

[0071] In an alternate embodiment, instead of calculating
mean IBIs, the two frequency distributions, i.e. template
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(FIG. 2b) and bimodal skewed (FIG. 5a), can be simply
compared to filter the arousal component to arrive at the
template distribution which can then be ascertain the sed-
entary body posture. Optionally, the person may be alerted
at S10 based on the sedentary body posture. For instance, the
person has been asked not to lie down for more than a few
minutes in the day by a doctor. In such as case, if he is
determined to sedentarily lying and further if he is lying for
more than pre-determined sedentary time threshold, he may
be alerted accordingly. It may be appreciated by a person
skilled in the art, if the person (user/subject) becomes
non-sedentary, the method steps described above will start
again, once the person is ascertained to be in a sedentary
state. In various embodiments, once the sedentary body
posture is determined based on the gathered heart rate
feature data in the pre-defined recording time, the alerting
can be postponed, when the person continues to be in
sedentary state (i.e. motion less than the pre-determined
motion threshold), till the pre-determined sedentary time
threshold has elapsed. This helps in power management as
continuous heart rate data is not required anymore. How-
ever, if the person becomes non-sedentary after the deter-
mination of the sedentary body posture, the method steps
described above will start again, once he is ascertained to be
in the sedentary state again.

[0072] In a further embodiment, an additional step of
filtering may be performed for specific cases of arrhythmias,
such as atrial fibrillation. If irregular heartbeat events are
recorded in the pre-defined recording time for majority of
the time, for instance, for a patient suffering from atrial
fibrillation can have multiple events because of which heart
beats deviate from the calibrated range/population data of
heart beat ranges, then the method will not use the gathered
IBIs to determine the sedentary body posture but will wait
till the event subsides. For instance, a Poincare plot can be
used to understand if the IBIs gathered in the pre-defined
recording time indicates multiple events of atrial fibrillation.
Poincare plots are well known from the literature to indicate
arrhythmia. Furthermore, if the plot does not indicate
arrhythmias, atrial fibrillation for the majority part of the
gathered IBIs, then the filtering can be performed based on
the method steps described above in conjunction with the
arousal removal. This is because, a one-time or minor event
in the pre-defined recording time will lead to bi-modal
distribution, which can be then filtered based on the most
frequent IBI, which will indicate the posture and thus the
IBIs not related to the posture, will be filtered from the
bi-modal distribution to determine the sedentary posture. Tt
may be appreciated that if such an event of atrial fibrillation
overlaps with arousal event then the IBIs will be filtered
together because it will lead to a bimodal distribution again.
Thus to summarize, the method further filters arrhythmias,
such as tachycardia, bradycardia, atrial fibrillation, that are
not chronic in nature and occur in the pre-defined recording
time.

[0073] FIG. 6 shows a schematic diagram of an embodi-
ment of a system 600 for ascertaining a sedentary body
posture of a subject. The system 600 includes an acceler-
ometer 620 for acquiring motion information of the subject.
Such accelerometers are generally known in the art. They
can be worn e.g. around the leg or the arm, for instance a
wrist worn device like a watch or at the ankle, but may also
be mounted to any other part of the body. The accelerometer
620 generally provides three-dimensional accelerometer
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data, i.e. a separate accelerometer signal for each of three
orthogonal directions indication the acceleration in the
respective direction. However, various embodiments also
work with other accelerometer data, e.g. a single acceler-
ometer signal (i.e. one-dimensional accelerometer data) or
two-dimensional accelerometer data, as long as the desired
motion information in some way reflected in the acceler-
ometer data.

[0074] The system 600 also includes a heart rate (HR)
sensor 640 to obtain heart rate signal indicative of heart rate
the subject. In an embodiment, the HR sensor 640 is a
Photoplethysmogram (PPG) sensor. Various other HR sen-
sors, such as ECG sensor, bio-impedance, galvanic skin
response and other surface electrical recordings on the body
may be used to obtain the HR signal of the subject.

[0075] The system 600 further includes a device 660 for
ascertaining a sedentary body posture of a subject based on
the motion information captured by accelerometer 620. The
device 660 may be implemented in hardware and/or soft-
ware. E.g. a processor or computer may be configured
accordingly to implement the elements of the device 660 as
explained below. As will be understood, the term “proces-
sor” will be understood to encompass various hardware such
as microprocessors, field programmable gate arrays (FP-
GAs), application-specific integrated circuits (ASICs), or
other similar hardware capable of performing various func-
tionality described herein. In some embodiments, the pro-
cessor may perform such functionality by executing instruc-
tions stored in memory or by operating on data stored in
memory. As used herein, the term “memory” will be under-
stood to encompass various types of memories such as
L1/L2/1.3 memory, system memory, or storage. Further, as
used herein, the term “non-transitory computer-readable
medium” and similar terms will be understood to encompass
both volatile memories (e.g., SRAM and DRAM) and non-
volatile memories (e.g., flash, magnetic, and optical memo-
ries) but to exclude transitory signals.

[0076] The system 600 further includes an output interface
680 for outputting the sedentary body posture. The output
interface 680 may be a display for displaying the sedentary
body posture, but may also be a transmitter for transmitting
the determined sedentary body posture to another device,
e.g. a smartphone, computer or website, for further process-
ing (e.g. for medical purposes or storage in a health record)
and/or display there.

[0077] The system 600 furthermore optionally includes a
Galvanic Skin Response (GSR) sensor 690. SR sensor 690
provides a signal indicative of skin response, which is
specifically useful in discerning events of arousal, such as
stress, excitement, etc.

[0078] All elements of the system 600 may be integrated
into a common wearable device (as shown below in more
detail for another embodiment of the system) or may be
implemented as separate devices. For instance, only the
accelerometer 620 and HR sensor 640 are mounted to the
subject’s body and transmits the accelerometer data and the
heart rate signal data (in real time in a wired or wireless
manner) to the device 660 for processing. The device 660
may be configured as or part of a computer, laptop, smart-
phone, tablet or any other device that is configured for
carrying out the steps performed by the device 660.

[0079] FIG. 7 shows a schematic diagram of an embodi-
ment of device 660 according to various embodiments for
ascertaining the body posture of the subject. To implement
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the above-described method, the device 660 includes a
sedentary state determination unit 702, an input unit 704, a
heart rate feature unit 706, a storage unit 708, a sedentary
posture determining unit 710, an arousal determination unit
712, an alert unit 714 and a calibration unit 716.

[0080] The sedentary state determination unit (SSDU) 702
receives motion information from the accelerometer 620.
The SSDU 702 further checks if the motion information is
indicative of the sedentary state. As described above, the
sedentary state can be described as when there are no spikes
observed in the motion signal for a pre-defined amount of
time. Such a signal is indicative of sedentary state of the
subject. In an embodiment, SSDU 702 determines the sed-
entary state by checking if the motion information corre-
sponding to the subject is below a pre-determined threshold
motion information. SSDU 702 determines the sedentary
state as explained in the steps S2 and S4 of the FIG. 2.
[0081] After, it is established that the subject is in the
sedentary state, the input unit 704 further receives the HR
signal from the HR sensor 640. As described above, the heart
rate signal indicative of at least one heart rate feature.
Thereafter, the heart rate feature unit (HRFU) 706 derives a
heart rate feature value, from the obtained heart rate signal,
corresponding to at least one heart rate feature. One of the
examples of heart rate feature is heart rate typically
expressed in Beats per minute (bpm). Other example of the
heart rate feature is Inter Beat Intervals, typically expressed
in milli seconds (ms). Thus, an example of heart rate feature
value for heart rate is 87 bpm. Similarly, an example of heart
rate feature value for mean IBIs is 980 ms.

[0082] The sedentary body posture determination unit
(SDPDU) 710 determines the sedentary body posture of the
subject based on comparison between the derived heart rate
feature value and stored ranges for each of the body postures
to determine the sedentary body posture. The ranges are
stored in a storage unit 708. The ranges are stored in form
of a table, such as Table 2, and/or Gaussian frequency
distribution (also depicted in FIG. 2b) of the at least one
heart rate feature. In addition to table 2, table 1 discussed
above is also stored in the storage unit 708. An example of
the storage unit 708 can be a semiconductor memory ele-
ment.

[0083] In an embodiment, the arousal unit 712 filters the
arousal value/component from the heart rate signal to deter-
mine the heart rate feature value indicative of heart rate
feature without the influence of arousal. Such a heart rate
feature value, i.e. without the arousal, is used for comparison
with the ranges stored in the storage unit 708. In an
embodiment, the arousal determination unit 712 interacts/
communicates with the HR sensor 640 and the GSR sensor
690 to determine the arousal value. In other embodiment, the
arousal determination unit 712 interacts/communicates with
HR sensor 640 only to determine the arousal value. The
arousal determination unit 712 executes one or more com-
bination of the methodologies (S7) as described in FIG. 1.
Once the sedentary posture is ascertained, the alert unit 714
provides an alert signal to the user if the user continues to be
in the sedentary posture for more than a pre-defined seden-
tary time threshold. In a further embodiment, the calibration
unit 716 further calibrates the stored ranges for each of the
sedentary body postures. For example, the SSPDU 710 may
prompt the user via the output interface 660 to confirm the
determined sedentary body posture, such as “Sedentary
Lying”. However, if the subject disagrees with the determi-
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nation and suggests the state is “Sedentary Sitting”, then the
stored range corresponding to the “Sedentary Lying” can be
mapped to “Sedentary sitting”. Similarly, the range corre-
sponding to “Sedentary Sitting” will be mapped to “Seden-
tary Standing”. A new range can be calculated for “Seden-
tary Lying” based on the “Sedentary Sitting”. For instance,
the calibration unit 716 may use a pre-determined margin to
calculate the range for “Sedentary Lying” based on “Sed-
entary Sitting”.

[0084] In another embodiment, the calibration unit 716
may provide one or more instructions to the subject via the
output interface 660. For instance, the output interface 660
provides an instruction, such as “Sit Still for 2 minutes”.
Thereafter, the range of heart rate feature, such as range of
heart rate (bpm) will be stored in the table, such as Table 1,
for determination of sedentary state body posture for later
point in time. Similarly, range corresponding to different
heart rate features can be stored in a table for later use. Of
course, the Gaussian frequency distribution can also be
stored in the storage unit 708 for each body posture by the
calibration unit 716.

[0085] FIG. 8 shows a schematic diagram of another
embodiment of a system 800. In the current embodiment a
housing 820 is provided for housing the accelerometer 620,
the HR sensor 640, the device 660 and the output interface
680 to integrate all elements as an integrated wearable
device. Further, a holding element 840, such as a belt or
wrist band, is provided for holding the housing at a body part
of the subject. The system 800 may further optionally
include the GSR sensor 690.

[0086] While various embodiments have been illustrated
and described in detail in the drawings and foregoing
description, such illustration and description are to be con-
sidered illustrative or exemplary and not restrictive; the
advna 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
techniques and concepts described herein, from a study of
the drawings, the disclosure, and the appended claims.
[0087] 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.

[0088] A computer program may be stored/distributed on
a suitable 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 telecommuni-
cation systems.

[0089] Any reference signs in the claims should not be
construed as limiting the scope.

1. A method of ascertaining a sedentary body posture of
a subject, the method comprising:

determining if the subject is in a sedentary state, wherein
the subject is determined to be in the sedentary state
when the subject is being sedentary for at least a
pre-determined time threshold;

receiving a heart rate signal indicative of at least one heart
rate feature of the subject;
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deriving, from the received heart rate signal, at least one
heart rate feature value corresponding to the at least one
heart rate feature, when the subject is determined to be
in the sedentary state, wherein deriving the heart rate
feature value further comprises filtering an arousal
value from the received heart rate signal, so as to
reduce an influence of the arousal on the determination
of the sedentary posture; and

determining the sedentary body posture of the subject
based on a comparison between the derived at least one
heart rate feature value and a pre-determined range
associated with the corresponding at least one heart rate
feature, wherein for each sedentary body posture a
pre-determined range corresponding to the at least one
heart feature is stored.

2. The method according to claim 1, wherein filtering the
arousal value further comprises a. receiving Inter-Beat-
Intervals for a pre-defined recording time, wherein the
Inter-Beat-Intervals is a heart rate feature; b. plotting a
frequency distribution of the Inter-Beat-Intervals gathered in
the pre-defined recording time; and c. comparing the plotted
frequency distribution in the pre-defined recording time with
a template frequency distribution associated with [nter-Beat-
Intervals for different sedentary body postures.

3. The method according to claim 2, wherein the com-
parison between the two frequency distributions further
comprises comparing the mean Inter-Beat-Intervals associ-
ated with each of the frequency distributions, wherein the
comparison of mean Inter-Beat-Intervals determines the
sedentary body posture.

4. The method according to claim 1, wherein filtering the
arousal value further comprises calculating a heart rate
(HR,,,,,,;) indicative of arousal based on Galvanic Skin
Response (GSR) signal and removing the calculated the
heart rate (HR , ,.,;) indicative of arousal from the overall
heart rate (HRy,,,;) received from the heart rate signal to
derive the heart rate (HR s, 4,,,,,,,) indicative of the sedentary
body posture, wherein the heart rate is a heart rate feature.

5. The method according to claim 1, wherein determining
if the subject is sedentary further comprises checking if the
motion information corresponding to the subject is below a
pre-determined motion threshold.

6. The method according to claim 1 wherein the pre-
determined range corresponding to each sedentary body
posture is stored in at least one of a table and in form of a
Gaussian distribution for a pre-defined time interval.

7. The method according to claim 1 further comprising
calibrating the pre-determined range corresponding to the at
least one heart rate feature for each of the sedentary posture.

8. The method according to claim 7, wherein calibrating
the pre-determined range further comprises:

a. providing one or more instructions to the subject in
order to bring the subject in a sedentary body posture;
and

b. recording a new range corresponding to the at least one
heart rate feature associated with the sedentary body
posture, wherein the recorded new range is stored as the
pre-determined range corresponding to the at least one
heart rate feature associated with the sedentary body
posture.

9. The method according to claim 1 further comprising
alerting the subject if the subject is determined to be in the
sedentary posture for a time period greater than a pre-
defined sedentary time threshold.

Mar. 23, 2017

10. A device for ascertaining a sedentary body posture of
a subject, the device comprising:

a. a sedentary state determination unit configured to check
if the subject is in a sedentary state, wherein the subject
is determined to be in the sedentary state when the
subject is being sedentary for at least a pre-determined
time threshold;

b. an input unit for obtaining a heart rate signal indicative
of at least one heart rate feature of the subject;

c. a heart rate feature unit for deriving, from the obtained
heart rate signal, a heart rate feature value correspond-
ing to the at least one heart rate feature, when the
subject is in the sedentary state, wherein the heart rate
feature unit further comprising an arousal determina-
tion unit for filtering an arousal value from the received
heart rate signal, so as to reduce an influence of the
arousal on the determination of the sedentary posture;

d. a storage unit for storing pre-determined ranges of the
heart rate feature values for each of a plurality of the
sedentary body postures; and

e. a sedentary body posture determination unit for deter-
mining the sedentary body posture of the subject based
on a comparison between the derived heart rate feature
value and the stored ranges.

11. The device according to claim 10 wherein the seden-
tary state determination unit is arranged to determine the
sedentary state by checking if the motion information cor-
responding to the subject is below a predetermined motion
threshold.

12. The device according to claim 10 further comprising
a calibration unit for calibrating the pre-determined range
corresponding to the at least one heart rate feature for each
of the sedentary posture.

13. The device according to claim 12, wherein the cali-
bration unit is further arranged for:

a. providing one or more instructions to the subject in

order to bring the subject in a sedentary body posture;
b. recording a new range corresponding to the heart rate
feature associated with the sedentary body posture; and

¢. storing the recorded new range as the pre-determined
range corresponding to the at least one heart rate
feature associated with the sedentary body posture in
the storage unit.

14. The device according to claim 10 further comprising
an alert unit to alert the subject if the subject is determined

to be in the sedentary posture for a time period greater than
a pre-defined time threshold.

15. A system for ascertaining a sedentary body posture of
a subject, the system comprising:
a. an accelerometer for providing motion information of
the subject;

b. a heart rate sensor for receiving a heart signal indicative
of at least one heart rate feature of the subject;

¢. a device for determining the sedentary body posture of
the subject; wherein the device configured to check if
the subject is in a sedentary state on the basis of the
motion information provided by the accelerometer and
the heart rate signal provided by the heart rate sensor,
and

d. an output interface for outputting the determined sed-
entary body posture.
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16. The system according to claim 15 further comprising:

a. a housing for housing the accelerometer, the device and
the output interface; and

b. a holding element for holding the housing at body part
of the subject.
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