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1
ULTRA-LOW POWER CONTINUOUS HEART
RATE SENSING IN WEARABLE DEVICES

TECHNICAL FIELD

Embodiments generally relate to heart rate sensing. More
particularly, embodiments relate to ultra-low power continu-
ous heart rate sensing in wearable devices.

BACKGROUND

Wearable heart rate sensors may typically employ pho-
toplethysmography (PPG) techniques in which one or more
light emitting diodes (LEDs) illuminate the skin of the
wearer and changes in light reflected from the skin are
measured as a function of pulsatile blood flow. While such
an approach may be suitable under certain circumstances,
there remains considerable room for improvement. For
example, driving the LEDs may involve a relatively large
amount of power consumption, which may have a negative
impact on battery life, particularly in wearable sensors.
Moreover, the accuracy of the reflected light in measuring
pulsatile blood flow may be dependent on skin color as well
as muscle tissue perfusion.

BRIEF DESCRIPTION OF THE DRAWINGS

The various advantages of the embodiments will become
apparent to one skilled in the art by reading the following
specification and appended claims, and by referencing the
following drawings, in which:

FIGS. 1A and 1B are a sectional side view and an end
view, respectively, of an example of a wearable system
according to an embodiment;

FIG. 2 is a schematic diagram of an example of an analog
front end according to an embodiment;

FIG. 3 is a plot of an example of a measurement signal
according to an embodiment; and

FIG. 4 is a flowchart of an example of a method of
generating continuous heart rate measurements according to
an embodiment.

DESCRIPTION OF EMBODIMENTS

Turning now to FIGS. 1A and 1B, a wearable system 10
is shown. In the illustrated example, the wearable system 10
is worn on the wrist of an individual in order to take heart
rate measurements. The wearable system 10 may alterna-
tively be configured to be worn on other body parts such as,
for example, the head, neck and other portions of the body
in which pulsatile blood flow may be detected at the skin
(e.g., near arterial sites in the subcutaneous tissue). In
general, a wristband 12 of the wearable system 10 may
include a piezoelectric film 14 (or an array of small piezo-
electric elements) having one or more surfaces exposed to
the interior region of the wearable system 10 so that the
surface(s) of the piezoelectric film 14 come into contact with
the skin 16 of the wrist either directly or through another
layer of insulating film. The terms “piezoelectric film” and
“array of small piezoelectric sensors” are used interchange-
ably herein. The piezoelectric film 14 may generate an
excitation signal in response to pressure variations on the
surface of the piezoelectric film 14 as a result of pulsatile
blood flow beneath the skin 16 of the wearer. As will be
discussed in greater detail, the piezoelectric film 14 may
obviate concerns regarding power consumption, battery life,
skin color, muscle tissue perfusion, and so forth.
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An electrical housing 18 may be coupled to the wristband
12, wherein the illustrated electrical housing 18 includes an
analog front end 20 coupled to the piezoelectric film 14. The
analog front end 20 may generate a first measurement signal
based on the excitation signal from the piezoelectric film 14.
The illustrated electrical housing 18 also includes a heart
rate monitor 22 coupled to the analog front end 20, wherein
the heart rate monitor 22 may generate a heart rate mea-
surement based on the first measurement signal. Addition-
ally, a user interface 24 (e.g., display, speaker) coupled to the
heart rate monitor 22 may output the heart rate measurement
for external observation.

Of particular note is that the illustrated piezoelectric film
14 generates the excitation signal without any external
power source such as, for example, a battery. As a result, the
wearable system 10 may have relatively low power con-
sumption. Indeed, the low power operability of the wearable
system 10 may enable continuous heart rate measurements
to be generated without concern over battery life. Moreover,
because the illustrated piezoelectric film 14 does not rely on
optical measurements, the heart rate measurements made by
the wearable system 10 may not be dependent on skin color
or muscle tissue perfusion.

FIG. 2 shows one possible embodiment of an analog front
end 26 to generate measurement signals. The analog front
end 26 may be readily substituted for the analog front end 20
(FIG. 1A), already discussed. In the illustrated example, a
piezoelectric film 28, which may be readily substituted for
the piezoelectric film 14 (FIG. 1), generates an excitation
signal that is a function of the pressure variations applied to
the surface of the piezoelectric film 14 as a result of pulsatile
blood flow. A signal amplifier 30 (e.g., operational amplifier)
having an operational voltage (V) and a reference voltage
(V,.p) may generate an analog measurement signal that is
proportional to the voltage difference between the excitation
signal and the reference voltage. In addition to the relatively
low power requirements of the illustrated amplifier 30, fewer
parts and less printed circuit board (PCB) space usage may
be achieved via the illustrated approach. Although the illus-
trated amplifier 30 is a single-stage amplifier, the analog
front end 26 may alternatively include multi-stage amplifiers
as well. FIG. 3 shows an example of a measurement signal
31 generated by the analog front end 26.

Returning to FIGS. 1A and 1B, a hybrid piezoelectric/
optical solution may be used to achieve greater accuracy. In
this regard, if the wearer of the system 10 engages in intense
levels of activity (e.g., heavy exercise versus sedentary/
moderate activity), the piezoelectric film 14 may be suscep-
tible to motion artifacts. Accordingly, the illustrated wear-
able system 10 also includes an optical module 32 (e.g,,
photoplethysmography/PPG module) coupled to the heart
rate monitor 22 via an activity level monitor 34. The activity
level monitor 34 may activate the optical module 32 in
response to a physical activity condition being met (e.g., an
activity threshold is exceeded).

The activity level monitor 34 may determine whether the
physical activity condition is met based on the first mea-
surement signal from the analog front end 20 and the
piezoelectric film 14. Thus, if the first measurement signal
exhibits voltage levels and/or swings that are greater than
would be expected from pulsatile blood flow, the activity
level monitor 34 might conclude that the physical activity
condition 1s met. The activity level monitor 34 may also
determine whether the physical activity condition is met
based on another signal such as, for example, an acceler-
ometer signal from an accelerometer 36 embedded in the
wearable system 10.
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Accordingly, the optical module 32 may generate a sec-
ond measurement signal when the optical module 32 is
activated, wherein the illustrated heart rate monitor 22
generates the heart rate measurement based on the second
measurement signal when the second measurement signal is
received from the optical module 32 via the activity level
monitor 34. If, on the other hand, the physical activity
condition is not met, the illustrated activity level monitor 34
deactivates the optical module 32 and the heart rate mea-
surements are made based on the first measurement signal
from the analog front end 20, as already discussed. Thus, the
piezoelectric film 14 might be used to generate heart rate
measurements during periods of sedentary to moderate
activity (e.g., the majority of the time for most individuals).

The wristband 12 may be configured to ensure proper
positioning of the piezoelectric film 14 relative to the arterial
sites in the subcutaneous tissue as well as optimal pressure
between the piezoelectric film 14 and the skin 16 in order to
capture readings. For example, the piezoelectric film 14 may
extend around a substantial circumference of the inner
diameter of the wristband 12 so as to increase the likelihood
of contact being made near the arteries. Additionally, the
wristband 12 may include a stretch sensor 13 made, for
example, from conductive elastomers and/or conductive
fabric that enables the monitoring of stretch and tension of
the wristband 12 and position. The monitored data may in
turn be used to convey repositioning, tightening and/or
loosening messages to the wearer of the system 10 via, for
example, the user interface 24. Other techniques may also be
used to optimize the heart rate measurements.

Turning now to FIG. 4, a method 38 of generating heart
rate measurements is shown. The method 38 may be imple-
mented as one or more modules in a set of logic instructions
stored in a machine- or computer-readable storage medium
such as random access memory (RAM), read only memory
(ROM), programmable ROM (PROM), firmware, flash
memory, etc., in configurable logic such as, for example,
programmable logic arrays (PLAs), field programmable gate
arrays (FPGAs), complex programmable logic devices
(CPLDs), in fixed-functionality hardware logic using circuit
technology such as, for example, application specific inte-
grated circuit (ASIC), complementary metal oxide semicon-
ductor (CMOS) or transistor-transistor logic (TTL) technol-
ogy, or any combination thereof.

MMustrated processing block 40 places an optical module
in a deactivated state (e.g., kept off), wherein an estimation
of the level of physical activity may be made at block 42.
The estimation may use signals from a piezoelectric film
and/or an accelerometer of a wearable system. Illustrated
block 44 determines whether the level of physical activity
exceeds a particular threshold (e.g., a physical activity
condition is met). If not, the optical module may be main-
tained in the deactivated state at block 46 and excitation
signals from the piezoelectric film may be used to generate
heart rate measurements. Block 46 may therefore involve
using the piezoelectric film to generate an excitation signal
in response to pressure variations on a surface of the
piezoelectric film and generating a measurement signal
based on the excitation signal, as already discussed. Only if
the physical activity condition is met, block 48 may activate
the optical module and obtain a measurement signal from
the optical module. Illustrated block 50 computes and dis-
plays a heart rate measurement based on either the measure-
ment signal from the piezoelectric film or the measurement
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signal from the optical module. In either instance, the heart
rate measurement may be continuous.

ADDITIONAL NOTES AND EXAMPLES

Example 1 may include an apparatus to generate heart rate
measurements, comprising a piezoelectric film to generate
an excitation signal in response to pressure variations on a
surface of the piezoelectric film, an analog front end coupled
to the piezoelectric film, the analog front end to generate a
first measurement signal based on the excitation signal, a
heart rate monitor coupled to the analog front end, the heart
rate monitor to generate a continuous heart rate measure-
ment based on the first measurement signal, an optical
module coupled to the heart rate monitor, and an activity
level monitor coupled to the optical module, the activity
level monitor to activate the optical module in response to a
physical activity condition being met and deactivate the
optical module in response to the physical activity condition
not being met, wherein the optical module is to generate a
second measurement signal when the optical module is
activated, and wherein the heart rate monitor is to generate
the continuous heart rate measurement based on the second
measurement signal when the second measurement signal is
received from the optical module.

Example 2 may include the apparatus of Example 1,
wherein the analog front end includes a single stage ampli-
fier.

Example 3 may include the apparatus of Example 1,
wherein the activity level monitor is to determine whether
the physical activity condition is met based on the first
measurement signal.

Example 4 may include the apparatus of Example 1,
wherein the activity level monitor is to determine whether
the physical activity condition is met based on an acceler-
ometer signal.

Example 5 may include a wearable system comprising a
wristband including a piezoelectric film with a surface
exposed to an interior region of the wristband, the piezo-
electric film to generate an excitation signal in response to
pressure variations on the surface of the piezoelectric film,
an electrical housing coupled to the wristband, the electrical
housing including an analog front end coupled to the piezo-
electric film, the analog front end to generate a first mea-
surement signal based on the excitation signal, a heart rate
monitor coupled to the analog front end, the heart rate
monitor to generate a heart rate measurement based on the
first measurement signal, and a user interface coupled to the
heart rate monitor, the user interface to output the heart rate
measurement.

Example 6 may include the wearable system of Example
5, wherein the analog front end includes a single stage
amplifier.

Example 7 may include the wearable system of Example
5, further including an optical module coupled to the heart
rate monitor; and an activity level monitor coupled to the
optical module, the activity level monitor to activate the
optical module in response to a physical activity condition
being met, wherein the optical module is to generate a
second measurement signal when the optical module is
activated, and wherein the heart rate monitor is to generate
the heart rate measurement based on the second measure-
ment signal when the second measurement signal is received
from the optical module.
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Example 8 may include the wearable system of Example
7, wherein the activity level monitor is to deactivate the
optical module in response to the physical activity condition
not being met.

Example 9 may include the wearable system of Example
7, wherein the activity level monitor is to determine whether
the physical activity condition is met based on the first
measurement signal.

Example 10 may include the wearable system of Example
7, further including an accelerometer to generate an accel-
erometer signal, wherein the activity level monitor is to
determine whether the physical activity condition is met
based on the accelerometer signal.

Example 11 may include the wearable system of any one
of Examples 5 to 10, wherein the heart rate measurement is
continuous.

Example 12 may include an apparatus to generate heart
rate measurements, comprising a piezoelectric film to gen-
erate an excitation signal in response to pressure variations
on a surface of the piezoelectric film, an analog front end
coupled to the piezoelectric film, the analog front end to
generate a first measurement signal based on the excitation
signal, and a heart rate monitor coupled to the analog front
end, the heart rate monitor to generate a heart rate measure-
ment based on the first measurement signal.

Example 13 may include the apparatus of Example 12,
wherein the analog front end includes a single stage ampli-
fier.

Example 14 may include the apparatus of Example 12,
further including an optical module coupled to the heart rate
monitor; and an activity level monitor coupled to the optical
module, the activity level monitor to activate the optical
module in response to a physical activity condition being
met, wherein the optical module is to generate a second
measurement signal when the optical module is activated,
and wherein the heart rate monitor is to generate the heart
rate measurement based on the second measurement signal
when the second measurement signal is received from the
optical module.

Example 15 may include the apparatus of Example 14,
wherein the activity level monitor is to deactivate the optical
module in response to the physical activity condition not
being met.

Example 16 may include the apparatus of Example 14,
wherein the activity level monitor is to determine whether
the physical activity condition is met based on the first
measurement signal.

Example 17 may include the apparatus of Example 14,
wherein the activity level monitor is to determine whether
the physical activity condition is met based on an acceler-
ometer signal.

Example 18 may include the apparatus of any one of
Examples 12 to 17, wherein the heart rate measurement is
continuous.

Example 19 may include a method of generating heart
rate measurements, comprising generating an excitation
signal in response to pressure variations on a surface of a
piezoelectric film, generating a first measurement signal
based on the excitation signal, and generating a heart rate
measurement based on the first measurement signal.

Example 20 may include the method of Example 19,
further including using a single stage amplifier to generate
the first measurement signal.

Example 21 may include the method of Example 19,
further including activating an optical module in response to
a physical activity condition being met, wherein the optical
module generates a second measurement signal when the
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optical module is activated, and wherein the heart rate
measurement is generated based on the second measurement
signal when the second measurement signal is received from
the optical module.

Example 22 may include the method of Example 21,
further including deactivating the optical module in response
to the physical activity condition not being met.

Example 23 may include the method of Example 21,
further including determining whether the physical activity
condition is met based on the first measurement signal.

Example 24 may include the method of Example 21,
further including determining whether the physical activity
condition is met based on an accelerometer signal.

Example 25 may include the method of any one of
Examples 19 to 24, wherein the heart rate measurement is
continuous.

Example 26 may include an apparatus to generate heart
rate measurements, comprising means for performing the
method of any of Examples 19 to 25, in any combination or
sub-combination thereof.

Thus, techniques may enable continuous heart rate mea-
surements to be made without concern over power consump-
tion, battery life, skin color, muscle tissue perfusion, and so
forth. Additionally, fewer parts and less PCB space may be
achieved.

Embodiments are applicable for use with all types of
semiconductor integrated circuit (“IC”) chips. Examples of
these IC chips include but are not limited to processors,
controllers, chipset components, programmable logic arrays
(PLAs), memory chips, network chips, systems on chip
(SoCs), SSD/NAND controller ASICs, and the like. In
addition, in some of the drawings, signal conductor lines are
represented with lines. Some may be different, to indicate
more constituent signal paths, have a number label, to
indicate a number of constituent signal paths, and/or have
arrows at one or more ends, to indicate primary information
flow direction. This, however, should not be construed in a
limiting manner. Rather, such added detail may be used in
connection with one or more exemplary embodiments to
facilitate easier understanding of a circuit. Any represented
signal lines, whether or not having additional information,
may actually comprise one or more signals that may travel
in multiple directions and may be implemented with any
suitable type of signal scheme, e.g., digital or analog lines
implemented with differential pairs, optical fiber lines, and/
or single-ended lines.

Example sizes/models/values/ranges may have been
given, although embodiments are not limited to the same. As
manufacturing techniques (e.g., photolithography) mature
over time, it is expected that devices of smaller size could be
manufactured. In addition, well known power/ground con-
nections to IC chips and other components may or may not
be shown within the figures, for simplicity of illustration and
discussion, and so as not to obscure certain aspects of the
embodiments. Further, arrangements may be shown in block
diagram form in order to avoid obscuring embodiments, and
also in view of the fact that specifics with respect to
implementation of such block diagram arrangements are
highly dependent upon the platform within which the
embodiment is to be implemented, i.e., such specifics should
be well within purview of one skilled in the art. Where
specific details (e.g., circuits) are set forth in order to
describe example embodiments, it should be apparent to one
skilled in the art that embodiments can be practiced without,
or with variation of, these specific details. The description is
thus to be regarded as illustrative instead of limiting.
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The term “coupled” may be used herein to refer to any
type of relationship, direct or indirect, between the compo-
nents in question, and may apply to electrical, mechanical,
fluid, optical, electromagnetic, electromechanical or other
connections. In addition, the terms “first”, “second”, etc.
may be used herein only to facilitate discussion, and carry no
particular temporal or chronological significance unless oth-
erwise indicated.

As used in this application and in the claims, a list of items
joined by the term “one or more of” may mean any com-
bination of the listed terms. For example, the phrases “one
or more of A, B or C” may mean A, B, C; A and B; A and
C; Band C; or A, B and C.

Those skilled in the art will appreciate from the foregoing
description that the broad techniques of the embodiments
can be implemented in a variety of forms. Therefore, while
the embodiments have been described in connection with
particular examples thereof, the true scope of the embodi-
ments should not be so limited since other modifications will
become apparent to the skilled practitioner upon a study of
the drawings, specification, and following claims.

We claim:

1. An apparatus comprising:

a piezoelectric film to generate an excitation signal in
response to pressure variations on a surface of the
piezoelectric film;

an analog front end coupled to the piezoelectric film, the
analog front end to generate a first measurement signal
based on the excitation signal;

a heart rate monitor coupled to the analog front end, the
heart rate monitor to generate a continuous heart rate
measurement based on the first measurement signal;

an optical module, implemented at least partly in one or
more of configurable logic or fixed functionality logic
hardware, coupled to the heart rate monitor; and

an activity level monitor coupled to the optical module,
the activity level monitor to activate the optical module
in response to a physical activity condition being met
and deactivate the optical module in response to the
physical activity condition not being met, wherein the
optical module is to generate a second measurement
signal when the optical module is activated, and
wherein the heart rate monitor is to generate the con-
tinuous heart rate measurement based on the second
measurement signal when the second measurement
signal is received from the optical module.

2. The apparatus of claim 1, wherein the analog front end

includes a single stage amplifier.

3. The apparatus of claim 1, wherein the activity level
monitor is to determine whether the physical activity con-
dition is met based on the first measurement signal.

4. The apparatus of claim 1, wherein the activity level
monitor is to determine whether the physical activity con-
dition is met based on an accelerometer signal.

5. A wearable system comprising:

a wristband including a piezoelectric film with a surface
exposed to an interior region of the wristband, the
piezoelectric film to generate an excitation signal in
response to pressure variations on the surface of the
piezoelectric film; and

an electrical housing coupled to the wristband, the elec-
trical housing including:
an analog front end coupled to the piezoelectric film,

the analog front end to generate a first measurement
signal based on the excitation signal,
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a heart rate monitor coupled to the analog front end, the
heart rate monitor to generate a heart rate measure-
ment based on the first measurement signal, and

a user interface coupled to the heart rate monitor, the
user interface to output the heart rate measurement.

6. The wearable system of claim 5, wherein the analog
front end includes a single stage amplifier.

7. The wearable system of claim 5, further including:

an optical module, implemented at least partly in one or
more of configurable logic or fixed functionality logic
hardware, coupled to the heart rate monitor; and

an activity level monitor coupled to the optical module,
the activity level monitor to activate the optical module
in response to a physical activity condition being met,
wherein the optical module is to generate a second
measurement signal when the optical module is acti-
vated, and wherein the heart rate monitor is to generate
the heart rate measurement based on the second mea-
surement signal when the second measurement signal is
received from the optical module.

8. The wearable system of claim 7, wherein the activity
level monitor is to deactivate the optical module in response
to the physical activity condition not being met.

9. The wearable system of claim 7, wherein the activity
level monitor is to determine whether the physical activity
condition is met based on the first measurement signal.

10. The wearable system of claim 7, further including an
accelerometer to generate an accelerometer signal, wherein
the activity level monitor is to determine whether the
physical activity condition is met based on the accelerometer
signal.

11. The wearable system of claim 5, wherein the heart rate
measurement is continuous.

12. An apparatus comprising:

a piezoelectric film to generate an excitation signal in
response to pressure variations on a surface of the
piezoelectric film;

an analog front end coupled to the piezoelectric film, the
analog front end to generate a first measurement signal
based on the excitation signal; and

a heart rate monitor coupled to the analog front end, the
heart rate monitor to generate a heart rate measurement
based on the first measurement signal.

13. The apparatus of claim 12, wherein the analog front

end includes a single stage amplifier.

14. The apparatus of claim 12, further including:

an optical module, implemented at least partly in one or
more of configurable logic or fixed functionality logic
hardware, coupled to the heart rate monitor; and

an activity level monitor coupled to the optical module,
the activity level monitor to activate the optical module
in response to a physical activity condition being met,
wherein the optical module is to generate a second
measurement signal when the optical module is acti-
vated, and wherein the heart rate monitor is to generate
the heart rate measurement based on the second mea-
surement signal when the second measurement signal is
received from the optical module.

15. The apparatus of claim 14, wherein the activity level
monitor is to deactivate the optical module in response to the
physical activity condition not being met.

16. The apparatus of claim 14, wherein the activity level
monitor is to determine whether the physical activity con-
dition is met based on the first measurement signal.

17. The apparatus of claim 14, wherein the activity level
monitor is to determine whether the physical activity con-
dition is met based on an accelerometer signal.
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18. The apparatus of claim 12, wherein the heart rate
measurement is continuous.
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