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HEART RATE MONITOR SYSTEM AND
METHOD OF DETERMINING A
WARMING-UP STATUS OF A USER

FIELD OF THE INVENTION

[0001] The invention relates to a heart rate monitor system
as well as a method of determining a warming-up status of
a user.

BACKGROUND OF THE INVENTION

[0002] Optical heart rate sensors are well known to moni-
tor or detect a heart rate of a user. Such a heart rate sensor
can be based on a photoplethysmograph (PPG) sensor and
can be used to acquire a volumetric organ measurement. By
means of pulse oximeters, changes in light absorption of a
human skin is detected and based on these measurements, a
heart rate of a user can be determined.

[0003] US 2014/0073486 Al shows a wearable physi-
ological measurement system which uses a PPG signal to
determine the heart rate of a user. The heart rate or the heart
rate variability is determined and, based on these measure-
ments, it is determined whether a user should warm-up for
a longer period of time or is still in his/her warm-up stage.
[0004] Typically, a transmissive or reflective blood PPG
sensor monitors the perfusion of blood to the dermis and
subcutaneous tissue of the skin through absorption measure-
ments at a specific wavelength. The PPG signals can com-
prise a small AC signal (the actual photoplethysmogram) on
top of a large unwanted DC offset signal. The DC offset
signal can comprise signals which may originate from the
skin or tissue as well as from a considerable part of ambient
light.

SUMMARY OF THE INVENTION

[0005] It is an object of the invention to provide a heart
rate monitor system which is able to detect a warming-up
status of a user as well as a corresponding method for
determining a warming-up status of a user.

[0006] In an aspect of the present invention, a heart rate
monitor system is provided. The heart rate monitor system
comprises an optical heart rate sensor configured to measure
or determine a heart rate of a user and to output an output
signal. The heart rate monitor system furthermore comprises
an analyzing unit configured to analyze an output signal
from the at least one heart rate sensor and to determine a
warming-up status of a user based on the analyzed output
signal from the optical heart rate sensor. The analyzing unit
comprises a signal analyzer configured to analyze at least
one of an AC component of the output signal, a DC
component of the output signal and a pulse morphology of
the output signal. The analyzing unit furthermore comprises
a warm-up detector unit configured to detect a warming-up
status of the user based on blood perfusion of the user as
detected according to signal characteristics of the AC com-
ponent, the DC component or the pulse morphology of the
output signal from the optical heart rate sensor. The heart
rate monitor system is thus able to determine a warming-up
status of a user based on measured physiological signals as
determined by the optical heart rate sensor such that the
detection of a warming-up status is performed more accu-
rately.

[0007] Ina further aspect of the invention, the optical heart
rate sensor comprises at least one light source configured to
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generate light, which is directed towards a skin of a user. The
optical heart rate sensor furthermore comprises at least one
photo detector unit configured to detect light which is
indicative of an absorption or reflection of the light from the
at least one light source in or from the skin of a user. The
output signal of the optical heart rate sensor corresponds to
output signals of the at least one photo detector unit.
Accordingly, the output of the photo detector unit is ana-
lyzed by the analyzing unit and is thereby used to determine
the warming-up status of the user.

[0008] According to still a further aspect of the invention,
the signal characteristics can include an amplitude of the AC
component, the DC component of the output signal or a
history of the output signal (like the increase/decrease of the
amplitude) or the pulse morphology of the output signal.
These signal characteristics can be instant values or can be
time averages.

[0009] According to still a further aspect of the invention,
the warm-up detector unit is configured to compare the
analyzed signal characteristic and/or their absolute and/or
relative changes over time to threshold values to determine
the warming-up status of the user. When e.g. the amplitude
does not show a (significant) increase, optimal perfusion has
been reached. According to still a further aspect of the
invention, the heart rate monitor system comprises an output
unit configured to output the warming-up status of the user.
[0010] According to still a further aspect of the invention,
a method of determining a warming-up status of the user is
provided. A heart rate of a user is measured or determined
by means of an optical heart rate sensor and the output signal
is outputted. The output signal from the at least one optical
heart rate sensor is analyzed and a warming-up status of a
user is determined based on the analyzed output signal from
the optical heart rate sensor.

[0011] According to an aspect of the invention, a blood
perfusion and thereby a warming-up status of a user is
detected by using an optical heart rate sensor and by
analyzing the output signals of the optical heart rate sensor.
In particular, the blood perfusion has an influence on the
output signal, for example the signal-to-noise ratio, of the
optical heart rate sensor.

[0012] According to an aspect of the invention, a com-
puter program product comprising a computer readable
memory storing computer program code means for causing
the above heart rate monitor system to carry out the steps of
the method of determining a warming-up status of a user is
provided.

[0013] It shall be understood that the heart rate monitor
system of claim 1, the method of determining a warming-up
status of a user of claim 7 and the computer program product
of claim 8, have similar and/or identical preferred embodi-
ments, in particular, as defined in the dependent claims.
[0014] It shall be understood that a preferred embodiment
of the present invention can also be a combination of the
dependent claims or above embodiments or aspects with
respective independent claims.

[0015] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the following drawings:
[0017] FIG. 1 shows a basic block diagram of a heart rate
monitor system according to an aspect of the invention,
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[0018] FIG. 2 shows a graph depicting an output signal
from a heart rate sensor according to an aspect of the
invention,

[0019] FIG. 3 shows a graph indicating an output signal of
the heart rate sensor without its AC component as well as
movement data of a user according to an aspect of the
invention,

[0020] FIG. 4 shows a graph indicating an output signal of
the heart rate sensor with its AC component as well as
movement data,

[0021] FIG. 5 shows a graph indicating an AC component
of an output signal of a heart rate sensor as well as
movement data according to a further aspect of the inven-
tion,

[0022] FIG. 6 shows a graph indicating an output signal of
the heart rate sensor as well as a modulation of the output
sensor according to an aspect of the invention,

[0023] FIG. 7 shows a graph indicating the output signals
of a heart rate sensor as well as a movement data of a user
according to an aspect of the invention,

[0024] FIG. 8 shows a graph indicating an output signal of
a heart rate sensor as well as a modulation of the output
signal over 20 intervals measured on a wrist of a user,
[0025] FIG.9 shows a graph indicating an output signal of
the heart rate sensor as well as the modulation of the output
signals over 17 intervals measured on a calf of a user, and
[0026] FIG. 10 shows a graph indicating output signals of
an optical heart rate sensor using red light and infrared light
according to an aspect of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] FIG. 1 shows a schematic block diagram of a heart
rate monitor system according to an aspect of the invention.
The heart rate monitor system 10 comprises at least one
heart rate sensor 100, an analyzing unit 200, optionally an
output unit 300 and optionally at least one secondary sensor
400. The heart rate sensor 100 comprises at least one light
source 110 and at least one photo detector 120. Several
photo detectors can be combined into a photo detector unit.
The photo detector unit may also comprise only one photo
detector. The light source 110 emits light onto a skin 1000
of a user and the photo detector 120 detects reflected or
transmitted light from or through the skin 1000 of the user.
The light source 110 can be embodied as LEDs or laser. The
heart rate sensor 100 can thus be implemented as an optical
heart rate sensor. The heart rate sensor 100 can be operated
in a transmittance mode (measuring light transmitted
through the skin 1000 of a user) or in a reflectance mode
(measuring the light reflected from the skin 1000 of the
user).

[0028] In an aspect of the invention, the optical heart rate
sensor 100 is implemented as a photoplethysmography
(PPG) sensor.

[0029] The photo detector 120 detects light reflected or
transmitted from the skin 1000 of the user. In fact, the heart
rate sensor 100 optically measures the variation in blood
volume in the human tissue and can thus detect a pulse
signal based on these measurements. The output signal of
the at least one photo detector 120 can be the output signal
101 of the heart rate sensor 100. The output signal of the
hear rate sensor 100 can have a DC component and a AC
component. This will be described in more detail with
reference to FIG. 2.
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[0030] The analyzing unit 200 can comprise a signal
analyzer 120 and a warm-up detector 220. The warm-up
detector 220 can optionally be coupled to a memory 221 in
which threshold values can be stored. Alternatively or in
addition, the warm-up detector 220 can also detect that the
warming-up is completed by calculating the changes of the
amplitudes over time. If there is no (significant) change of
the amplitude anymore, the user is warmed-up and a good
perfusion is achieved.

[0031] The output unit 300 can optionally have a graphic
user interface 310 as well as optionally a wireless interface
320. Via the wireless interface 320, the heart rate monitor
system can wirelessly communicate e.g. with a smartphone,
tablet or laptop.

[0032] The secondary sensor unit 400 can comprise at
least one secondary sensor like an accelerometer 410 for
measuring movement of a user, a temperature sensor 420
and/or a humidity sensor 430. The data from the secondary
sensor unit 400 can be used to validate the output of the
warm-up detector 220.

[0033] According to an aspect of the invention, the signal
analyzer 210 analyzes the output signal 101 of the optical
heart rate sensor 100. In particular, the signal analyzer 210
can analyze a DC component, an AC component and/or the
pulse morphology of the output signal 101. In particular, the
morphology of the pulses in the PPG signal can be analyzed.
Furthermore, the signal analyzer 210 can also analyze the
variations in the DC component, the AC component and/or
the pulse morphology of the output signal 101. The warm-up
detector 220 determines a warming-up status of a user by
analyzing the DC component, the AC component and/or the
pulse morphology of the output signal 101 of the optical
heart rate sensor 100. In other words, the warm-up detector
220 detects a warming-up status of the user based on signal
characteristics of the output signal (like the amplitude of the
AC component and/or the history of the output signal of the
PPG sensor). Optionally, the warm-up detector 220 can
compare the analyzed output signal 101 with threshold
values which are for example stored in the memory 121.
Based on these comparisons, the warm-up detector 220 can
determine the warming-up status of a user.

[0034] The warm-up detector 220 may also monitor
changes of the amplitude of the output signal from the sensor
100. If no (significant) changes are detected, the warm-up
detector may determine that the warm-up is completed.
[0035] A warming-up is typically performed before exer-
cises like running, playing soccer or the like. A warming-up
is typically done by physical activity of lower intensity. In
particular, the muscles are moved. The aim can be to
increase the body temperature, to increase the activity of the
cardio vascular system, to increase the perfusion. The warm-
ing-up is useful to decrease the risk of injuries. Through the
warming-up, the perfusion is increased. This can lead to an
increased muscular activity. Accordingly, more blood flows
through the muscles and thus the muscles can be supplied
with oxygen.

[0036] FIG. 2 shows a graph indicating an output signal of
a heart rate sensor according to an aspect of the invention.
The heart rate sensor according to FIG. 2 may be based on
the heart rate sensor according to FIG. 1. In particular, the
output signal 101 of the heart rate sensor comprises a DC
component 101a as well as an AC component 1015. The
output signal 101 also has a pulse morphology. In FIG. 2, a
typical signal from a PPG sensor worn at the wrist is
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depicted. The DC component 101a of the output signal 100
does not contain heart rate information. However, the AC
component 1015 is the signal from which the heart rate can
be derived. The ratio of the AC component to the DC
component is the modulation and is an indication of the
amount of useful signals for the heart rate derivation. The
amplitude of the heart rate signal is the height of the AC
component.

[0037] FIG. 3 shows a graph indicating an output signal
from the heart rate sensor as well as movement data. In
particular, in FIG. 3, the output signal 101 of the optical rate
sensor is depicted. Furthermore, corresponding movement
data 401a, 4015, 401¢ is also depicted. As can be seen from
the depicted output signal of the heart rate sensor, only a DC
component 101a but not an AC component 1015 is present
although the user is not moving as can be seen by the
movement data 401a 401c. Accordingly, the heart rate
sensor 100 is not able to detect a pulse signal.

[0038] FIG. 4 shows a graph indicating an output signal of
a heart rate sensor as well as movement data according to an
aspect of the invention. Measurements as depicted in FIG. 4
are measured at a later point of time as compared to the
measurements of FIG. 3. Here, it can be seen from the graph
below that the user is not moving and that an AC component
1015 is detectable such that a pulse signal can be derived.
The wrinkle in the output signal corresponds to the changes
in reflection which are caused by heart beats. The amplitude
of these wrinkles can change in accordance with the activity
of the user. This can in particular happen during the first
minutes during a warm-up period.

[0039] FIG. 5 shows a graph indicating an output signal of
a heart rate sensor as well as movement data. The measure-
ments according to FIG. 5 have been measured at a later
point of time as compared to FIG. 4. The amplitude of the
AC component 1015 increases from FIG. 3 (where it is
basically zero) to FIG. 4 (with an amplitude of 0.03x10%) to
an amplitude of 0.04x10%,

[0040] The FIGS. 3-5 show that when taking a small pause
during the run (as indicated by a flat line in the accelerom-
eter data), the amplitude of the PPG output signal can
increase due to a better perfusion (the runner is warmed up).
During this pause, the PPG signal will not be disturbed by
motion artifacts.

[0041] FIG. 6 shows a graph indicating an amplitude S of
the output signal as well as the modulation M of the output
signal. The modulation M is depicted in % and the amplitude
S in nA/mA. At t=1, the user is inside a warm environment.
At t=2, the user has run 1 kilometer and is sitting down on
a bench and has a relative low perfusion. At t=3-14, the user
is running stairs up and down and then sitting on a bench
until the heart rate drops back to 120 bpm. Here, it can be
seen that the perfusion starts to increase. At t=15, a four
kilometer run is performed followed by sitting down on a
bench until the heart rate drops back to 120 bpm. At t=16,
a final 2 kilometer run is performed and the user is arriving
back at home and is sitting on a chair until the heart rate
drops below 90 bpm. As can be seen from FIG. 6, the
modulation M and the signal S changes over time reacting
to the different stages the body goes through during the
exercise. At t=2, the modulation M and the signal amplitude
S decreases as the body tries to preserve body heat. There-
after, the body starts to slowly warm up, for example at t=10
where the amplitude increases. In FIG. 6, the warm-up
period has been extended due to the relative short exercises
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and long idle stages. At t=6, the user has performed two runs
immediately after each other and thus the amplitude of the
output signal increases.

[0042] FIG. 7 shows a graph indicating an output signal of
a heart rate sensor as well as output signals of motion
sensors according to an aspect of the invention. In FIG. 7,
the exercise takes 4.000 seconds and in the upper part, the
output signal 101 of the motion sensor is depicted, while in
the lower part, the motion data from the user is depicted.
During t=220 3.700 s, the acceleration is not changing very
much except for interruptions at t=500 and t=2.400, when
the user is standing idle. As can be seen from FIG. 7, the
amplitude of the output signal 101 increases from the start
(t=295 s) and the middle (t=2.096 s).

[0043] FIG. 8 shows a graph indicating a signal S and a
modulation M of the output signal 101 according to an
aspect of the invention as seen for several intervals 1-20,
wherein the intervals can be 10 seconds each. In particular,
the optical heart rate sensor 100 is attached to a wrist of a
user. The graph of FIG. 8 relates to the graph of FIG. 7.
[0044] FIG. 9 shows a graph indicating a signal and a
modulation of the output signal 101 of the heart rate sensor
according to an aspect of the invention during the same
exercise as shown in FIG. 7, wherein the heart rate sensor is
attached to a calf of a user. By comparing the FIGS. 8 and
9, it can be seen that the output signal increases more for a
heart rate sensor attached to the wrist than for a heart rate
sensor attached to the calf of the user, although the arms are
not directly involved in the propulsion of the user.

[0045] It should be noted that the increased DC compo-
nent as well as the increased modulation of the output signal
101 of the heart rate sensor can be explained as the blood
perfusion increases during warm-up stages.

[0046] During a run with a relative constant movement,
the amplitude of the PPG signal can increase during rest as
long as movement artifacts are relatively constant.

[0047] It should be noted that if a user is doing a warm-up
with different kinds of exercises like side shuffle, carioca,
high knees, butt kicks etc., it may be difficult to measure an
increase of perfusion if the warm-up exercise is relatively
short and if there are rest periods in between the exercises,
it might be better to use those. On the other hand, if the
exercise has a returning pattern, the heart rate monitor
system may be able to perform some activity classification
(for example based on accelerometer data) to enable an
effective detection of a warm-up status even during the
exercises.

[0048] FIG. 10 shows a graph indicating output signals of
a heart rate sensor according to the invention placed at a
finger tip. In the upper part of FIG. 10, the output signal
101d of an optical heart rate sensor using red light and in the
lower part the output signal 101e of an optical heart rate
sensor using infrared is depicted. Furthermore, in F1G. 10, a
change in vasomotor tone is depicted, which was induced at
t=376 s by submerging the hand without sensor in cold
water, It should be noted that the vasoconstriction can be
present through the whole body thus leading to vasocon-
striction. As can be seen from FIG. 10, the modulation, as
well as the pulse morphology of the output signal, changes.
[0049] Accordingly, the heart rate monitor system accord-
ing to the invention analyzes the output signal of the heart
rate sensor to derive a warming-up status of a user.

[0050] As the warming-up status of a user is directly
connected to the blood perfusion, detecting a blood perfu-
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sion makes it possible to determine the warming-up status.
The heart rate monitor system according to the invention
uses the relationship of a low signal-to-noise ratio (low
modulation) of the output signal 101 of the heart rate sensor
to determine the blood perfusion. In other words, if the
signal-to-noise ratio of the output signal of the heart rate
sensor 100 is good, then also the blood perfusion is good and
the user is warmed up. On the other hand, if the signal-to-
noise ratio is low, then the blood perfusion is also low and
the user is not warmed up correctly. If a user is starting an
exercise in a cold environment, the human body will try to
preserve body heat by closing the capillaries thus by starting
a vasoconstriction.

[0051] According to an aspect of the invention, a warm-
ing-up status of a user can be detected by actually measured
physiological signals of the user. Thus, a very effective and
accurate determination of the warming-up status of the user
can be performed.

[0052] According to an aspect of the invention, the signal
analyzer 210 analyzes the AC component, the DC compo-
nent or a combination of these like the modulation of the
signal. Based on the signal analyzer 210, the warm-up
detector 220 can detect a warming-up status of a user. For
example, the warm-up detector can use an increase in the AC
component, the DC component or the modulation of the
output signal as well as the pulse morphology of the output
signal 101 to determine the warm-up status of the user. The
warm-up status of the user can be outputted by the output
unit 300. This can be performed by the graphical user
interface 310 or by the wireless interface 320. The user
and/or his trainer can be informed of an efficient warming-up
by optical or acoustical signals. Alternatively, a vibration
signal can also be outputted by the output unit 300.

[0053] According to an aspect of the invention, the warm-
up detector 220 can compare threshold values as stored in
the memory 221 with the actual analyzed output signals of
the heart rate sensor 100, As an example, a 5% increase in
the DC component could be used as threshold value. In
another aspect of the invention, the warm-up detector 220
can calculate the change in amplitude over time (e.g. by
taking the average amplitude in the last 10 seconds and
subtract the average amplitude in the 10 seconds before) and
determine that the warm-up is sufficient when that value
crosses a threshold of for example 5%. In addition or
alternatively, the threshold values may also be user depen-
dent or dependent on the circumstances of the exercise. The
circumstantial threshold values may also take into account
the outside temperature, the location of the sensor on the
body and the activity data. User specific thresholds may also
take into account the user’s age, the gender, the ethnicity
and/or skin tone and/or signal characteristics that were
measured during previous exercises of the user.

[0054] The light sources 110 of the optical heart rate
sensor 100 can be LEDs or lasers. Alternatively, the optical
sensor can also be camera based and might operate using
ambient light, without additional light source.

[0055] 1In a preferred embodiment of the invention, the
heart rate monitor system can be embodied as a wrist device.
Accordingly, a wrist device can comprise at least one optical
heart rate sensor and an analyzing unit. Optionally, the wrist
device can also comprise an output unit 300.

[0056] The heart rate monitor system can be embodied as
a smart watch, as a wrist device, as smart glasses, smart
bracelets or other wearable (smart) devices.
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[0057] Other variations of the disclosed embodiment can
be understood and effected by those skilled in the art in
practicing the claimed invention from a study of the draw-
ings, the disclosure and the appended claims.

[0058] In the claims, the word “comprising” does not
exclude other elements or steps and in the indefinite article

00

a” or “an” does not exclude a plurality.

[0059] A single unit or device may fulfill the functions of
several items recited in the claims. The mere fact that certain
measures are recited in mutual different dependent claims
does not indicate that a combination of these measurements
cannot be used to advantage. 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 a part of other hardware, but may also be
distributed in other forms such as via the internet or other
wired or wireless telecommunication systems.

[0060] Any reference signs in the claims should not be
construed as limiting the scope.

1. Heart rate monitor system, comprising;

an optical heart rate sensor configured to measure or
determine a heart rate of a user and to output an output
signal, and

an analyzing unit configured to analyze an output signal
from the heart rate sensor and to determine a warming-
up status of a user based on the analyzed output signal
from the optical heart rate sensor,
wherein the analyzing unit comprises:

a signal analyzer configured to analyze at least one of an
AC component of the output signal, a DC component
of the output signal, and a pulse morphology of the
output signal, and

a warm-up detector unit configured to detect a warming-
up status of the user based on a blood perfusion as
detected according 1o signal characteristics of the AC
component, the DC component or the pulse morphol-
ogy of the output signal.

2. Heart rate monitor system according to claim 1,
wherein said optical sensor comprises at least one light
source configured to generate light, which is directed
towards a skin of a user, and at least one photo detector unit
configured to detect light which is indicative of an absorp-
tion or reflection of the light from the at least one light
source in or from the skin of the user, and wherein the output
signal of the optical heart rate sensor corresponds to an
output signal of the at least one photo detector unit.

3. Heart rate monitor system according to claim 1,
wherein the signal characteristics of the output signal
include an instant or time averaged value of the DC com-
ponent, an instant or time averaged amplitude of the AC
component, and/or an instant or time averaged pulse mor-
phology.

4. Heart rate monitor system according to claim 3,
wherein the warm-up detector unit is configured to compare
the analyzed signal characteristics, their relative and/or
absolute changes over time with threshold values to deter-
mine whether the user is already warmed-up.

5. Heart rate monitor system according to claim 4, further
comprising an output unit configured to output the warm-up
status of a user.

6. Method of determining a warming-up status of a user,
comprising the steps of:



US 2017/0128024 Al

measuring or determining a heart rate of a user by an
optical heart rate sensor and outputting an output
signal,

analyzing an output signal from the heart rate sensor and
determining a warming-up status of a user based on the
analyzed output signal from the optical heart rate
sensor, wherein the step of analyzing further comprises
the sub-steps of:

analyzing by a signal analyzer at least one of an AC
component of the output signal, a DC component of the
output signal, and a pulse morphology of the output
signal, and

detecting by a warm-up detector unit a warming-up status
of the user based on a blood perfusion as detected
according to signal characteristics of the AC compo-
nent, the DC component or the pulse morphology of the
output signal.

7. A computer program product, comprising a computer

readable memory storing computer program code means for
causing the heart rate monitor system according to claim 1
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to carry out steps of the method of determining a warming-
up status of a user comprising the steps of:
measuring or determining a heart rate of a user by an
optical heart rate sensor and outputting an output
signal,
analyzing an output signal from the heart rate sensor and
determining a warming-up status of a user based on the
analyzed output signal from the optical heart rate
sensor, wherein the step of analyzing further comprises
the sub-steps of:
analyzing by a signal analyzer at least one of an AC
component of the output signal, a DC component of the
output signal, and a pulse morphology of the output
signal, and
detecting by a warm-up detector unit a warming-up status
of the user based on a blood perfusion as detected
according to signal characteristics of the AC compo-
nent, the DC component or the pulse morphology of the
output signal.
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