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(57) ABSTRACT

An apparatus includes a first electromagnetic sensor config-
ured to generate a first sensed signal based at least in part on
detection of a first signal having a first wavelength. The
apparatus includes a second electromagnetic sensor config-
ured to generate a second sensed signal based at least in part
on detection of a second signal having a second wavelength
different from the first wavelength. The apparatus includes a
processing circuit configured to generate a plethysmogram
based at least in part on the first sensed signal and the second
sensed signal. The apparatus may include a first emitter
configured to emit an optical signal having the first wave-
length. The apparatus may include a second emitter config-
ured to emit a reference signal. The first wavelength may be
a human-blood-sensitive and human-skin-penetrable wave-

Int. CL. length and the second wavelength may be at least one of a
A61B 5/00 (2006.01) human-blood-insensitive wavelength and a human-skin-im-
AG6IB 5/024 (2006.01) penetrable wavelength.
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PLETHYSMOGRAPHY HEART RATE
MONITOR NOISE REDUCTION USING

DIFFERENTIAL SENSORS
BACKGROUND
[0001] Field of the Invention
[0002] Thepresent invention is related to sensor devices in

general and to wearable plethysmograph devices in particu-
lar.

[0003] Description of the Related Art

[0004] In general, a plethysmogram is a volumetric mea-
surement of an organ. An optically determined plethysmo-
gram, referred to as a photoplethysmogram (PPG), may be
generated using a pulse oximeter that illuminates the skin
and measures changes in light absorption. A conventional
pulse oximeter monitors perfusion, i.., the process of a
body delivering blood to a capillary bed in biologic tissue
(e.g., dermis and subcutaneous tissue of the skin). With each
cardiac cycle, the heart pumps blood to the periphery of a
body. Although this pressure pulse is damped by the time it
reaches the skin, the pressure is sufficient to distend the
arteries and arterioles in the subcutaneous tissue. A light-
emitting diode (LED) may illuminate the skin with light and
the amount of light either transmitted or reflected may be
sensed by a photodiode to detect a change in volume caused
by the pressure pulse. Each cardiac cycle may appear as a
peak in the sensed signal. Motion may result in artifacts in
the signal due to changes in the amount of ambient light
leakage, sensor position relative to the skin, blood volume in
a localized area, or physiological change due to muscle
contraction. Motion-induced artifacts may introduce noise
having amplitudes that are substantially greater than the
amplitude of the heartbeat signal and may degrade the
resulting heart rate measurement. Accordingly, improved
techniques for generating a plethysmogram are desired.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

[0005] In at least one embodiment of the invention, an
apparatus includes a first electromagnetic sensor configured
to generate a first sensed signal based at least in part on
detection of a first signal having a first wavelength. The
apparatus includes a second electromagnetic sensor config-
ured to generate a second sensed signal based at least in part
on detection of a second signal having a second wavelength
different from the first wavelength. The apparatus includes a
processing circuit configured to generate a plethysmogram
based at least in part on the first sensed signal and the second
sensed signal. The apparatus may include a first emitter
configured to emit an optical signal having the first wave-
length. The first signal may be a reflected version of the
optical signal. The apparatus may include a second emitter
configured to emit a reference signal. The second signal may
be a reflected version of the reference signal. The first
emitter may be a first light-emitting diode configured to
generate the optical signal and the first wavelength may be
in the optical green range of wavelengths. The second
emitter may be a second light-emitting diode and the second
wavelength may be in one of the optical blue range of
wavelengths and the infrared range of wavelengths. The first
wavelength may be a human-blood-sensitive and human-
skin-penetrable wavelength and the second wavelength may
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be at least one of a human-blood-insensitive wavelength and
a human-skin-impenetrable wavelength.

[0006] In at least one embodiment of the invention, a
method includes generating a plethysmogram based at least
in part on a first sensed signal and a second sensed signal.
The first sensed signal has a first wavelength and the second
sensed signal has a second wavelength different from the
first wavelength. The method may include generating the
first sensed signal based at least in part on detection of a
reflection of a first signal having the first wavelength. The
method may include generating the second sensed signal
based at least in part on detection of a reference signal
having the second wavelength. The method may include
emitting an optical signal. The first signal may be a reflected
version of the optical signal. The method may include
emitting a reference signal. The second signal may be a
reflected version of the reference signal. The method may
include adjusting emission of the first signal from a first
power level to a second power level based at least in part on
the first signal, the second signal, and a target signal-to-noise
ratio for the plethysmogram. The first signal may have a
wavelength in the optical green range of wavelengths and
the second signal may have a wavelength in one of the
optical blue range of wavelengths and the infrared range of
wavelengths.

[0007] In at least one embodiment of the invention, a
method includes transmitting, at a first power level, a first
signal having a first wavelength. The method includes
sensing a reflected signal including reflections of the first
signal. The method includes sensing a second signal that is
less sensitive to heart rate than the first signal. The method
includes adjusting transmission of the first signal from the
first power level to a second power level based at least in part
on the reflected signal, the second signal, and a target
signal-to-noise ratio for a plethysmogram based at least in
part on the first signal and the second signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention may be better understood,
and its numerous objects, features, and advantages made
apparent to those skilled in the art by referencing the
accompanying drawings.

[0009] FIG. 1 illustrates a functional block diagram of a
plethysmography heart rate monitor system.

[0010] FIG. 2 illustrates a functional block diagram of a
plethysmography heart rate monitor system consistent with
at least one embodiment of the invention.

[0011] FIG. 3 illustrates a functional block diagram of a
plethysmography heart rate monitor system consistent with
at least one embodiment of the invention.

[0012] FIG. 4 illustrates exemplary information and con-
trol flows for the plethysmography heart rate monitor system
of FIG. 2 consistent with at least one embodiment of the
invention.

[0013] FIG. 5 illustrates a functional block diagram of
portions of a plethysmography heart rate monitor system
consistent with at least one embodiment of the invention.
[0014] FIG. 6 illustrates a functional block diagram of a
plethysmography heart rate monitor system consistent with
at least one embodiment of the invention.

[0015] The use of the same reference symbols in different
drawings indicates similar or identical items.
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DETAILED DESCRIPTION

[0016] Referring to FIG. 1, an exemplary plethysmogra-
phy heart rate monitor system includes emitter 108, which
emits an optical signal that penetrates layer 114 of tissue 112
and into subcutaneous layer 116 that includes capillaries. At
least a portion of the optical signal is reflected by the
capillaries and those reflections are detected using optical
sensor 110, which may be a photodiode. System 102
includes accelerometer 106, an output of which is used by
processor 104 to reduce or eliminate motion artifacts from
the plethysmogram signal. For example, processor 104 uses
signal processing techniques (e.g., fast Fourier transform
techniques) to identify common frequency signals in the
plethysmogram signal and the accelerometer signal and
rejects those common frequency signals to reduce or elimi-
nate motion artifacts in the plethysmogram signal. In other
embodiments, processor 104 uses the output of accelerom-
eter 106 as a reference signal to cancel noise in plethysmo-
gram signal, similar to adaptive echo cancellation.

[0017] The weak correlation between the output of accel-
erometer 106 and the output of sensor 110 results in poor
cancellation of the noise and a low signal-to-noise ratio of
the plethysmogram signal. The output of accelerometer 106
does not directly reflect blood flow changes, physiology
changes, ambient light changes, or changes in position of
sensor 110 on the skin. Timing between accelerometer
events and associated plethysmogram events may vary sub-
stantially, depending on the causes of the plethysmogram
events. For example, plethysmogram signal changes
induced by blood flow changes may occur hundreds of
milliseconds, or more, after a body movement, while
plethysmogram signal changes associated with ambient
leakage may occur concurrently with body movement. Char-
acterization and compensation for timing delay between
body movement, as determined by the accelerometer, and
resulting plethysmogram effects may be difficult or impos-
sible to achieve. In addition, note that when the heart rate
and the frequency of motion coincide, isolating a heart rate
signal may not be possible.

[0018] Referring to FIG. 2, a technique for improving a
signal-to-noise ratio of a plethysmogram signal includes
attenuating or removing noise components using a reference
signal that is susceptible to at least some of the same noise
sources as the heart rate signal, but includes little or no heart
rate information. Emitter 208 generates measurement exci-
tation signal 236, which is an electromagnetic signal (e.g.,
includes an optical signal having a wavelength in the optical
green range of wavelengths) that penetrates body tissue
through first layer 232 into subcutaneous layer 234. At least
a portion of measurement excitation signal 236 is reflected
by capillaries in subcutaneous layer 234 and detected using
sensor 214, which may include photodiode 218. Reference
signal emitter 220 emits artifact detection signal 240, which
does not penetrate subcutaneous layer 234, but is subjected
to at least some of the same noise sources as measurement
excitation signal 236 (e.g., emitter driver noise due to power
supply noise, electronic noise, ambient electromagnetic sig-
nal noise, physiological change induced noise, noise induced
by small relative motion between the sensor module and the
skin, etc.). Artifact detection signal 240 is an electromag-
netic signal that has less sensitivity to heart rate than
measurement excitation signal 236 and thus contains less
heart rate information. Accordingly, reflected versions of
artifact detection signal 240 contain little or no heart rate
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signal information but include noise information compa-
rable to the noise information in reflected versions of
measurement excitation signal 236.

[0019] In at least one embodiment, artifact detection sig-
nal 240 includes an optical signal having a wavelength in the
optical blue range of wavelengths. The optical blue wave-
length range signal does not penetrate layer 232 well, thus
reflected versions of artifact detection signal 240 will have
little or no heart rate information. Referring to FIG. 3, in
other embodiments, artifact detection signal 240 includes
signals having other wavelengths, e.g., a signal having a
wavelength in the infrared range of wavelengths. Infrared
wavelength range signals penetrate layer 232, but are not
well absorbed by subcutaneous layer 234, thus reflected
versions of artifact detection signal 240 having infrared
wavelengths will have little or no heart rate information.
Although measurement excitation signal 236 and artifact
detection signal 240 travel through the same layers of tissue,
the different wavelengths result in different losses on entry
and exit of the tissue, different losses in diffusion through the
tissue, and different amounts of modulation of the signal
transmission through the tissue. Referring to FIGS. 2 and 3,
in other embodiments, measurement excitation signal 236 is
another electromagnetic signal that is sensitive to heart rate
and artifact detection signal 240 is another electromagnetic
signal that is insensitive to heart rate or has less modulation
of signal transmission through the tissue by heart rate, but
susceptible to the same noise sources as measurement exci-
tation signal 236.

[0020] In at least one embodiment, the position of refer-
ence signal emitter 220 and a wavelength of artifact detec-
tion signal 240 generated by reference signal emitter 220 are
selected to reduce or eliminate the sensitivity of digital
reference signal 252 to heart rate. The position of emitter
208 and the wavelength of the measurement excitation
signal 236 generated by emitter 208 are selected to cause
digital signal 250 to be sensitive to heart rate. Distance of
separation between emitter 208 and sensor 214 may be
predetermined for a target heart rate signal detection level.
Distance of separation between reference signal emitter 220
and reference signal sensor 226 may be predetermined for a
target reference signal detection level. Emitter 208 may
include driver 210 and light-emitting diode 212. In at least
one embodiment, rather than use light-emitting diode 212, a
vertical cavity surface-emitting laser (VCSEL) or other
electromagnetic signal may be used instead. Reference sig-
nal emitter 220 may include driver 222 and light-emitting
diode 224. In at least one embodiment, rather than use
light-emitting diode 224, a vertical cavity surface-emitting
laser or other electromagnetic signal emitter is included
instead.

[0021] Sensor 214 may include electromagnetic sensor
218, which may include a photodiode. Sensor 214 is con-
figured to sense the reflected version of measurement exci-
tation signal 236 and provides a digital version of the signal
to processor 204. Sensor 214 may include analog-to-digital
converter 216, which provides digital reference signal 250 to
processor 204. Reference signal sensor 226 may include
electromagnetic sensor 230, which may include a photo-
diode. Reference signal sensor 226 is configured to sense the
reflected version of signal 240 and provides a digital version
of the signal, digital reference signal 252 to processor 204.
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Reference signal sensor 226 may include analog-to-digital
converter 228, which provides digital reference signal 252 to
processor 204.

[0022] Signal processor 204 uses digital reference signal
252, which is based on the reflected versions of artifact
detection signal 240, to remove noise from digital signal
250, which is based on the reflected versions of measure-
ment excitation signal 236. Since measurement excitation
signal 236 and artifact detection signal 240 are signals
having wavelengths relatively close in the electromagnetic
spectrum and emitter 208 and reference signal emitter 220
are co-located, measurement excitation signal 236 and arti-
fact detection signal 240 have a strong correlation. Noise
cancellation using a reflected version of artifact detection
signal 240 results in a plethysmogram signal having a higher
signal-to-noise ratio than a signal-to-noise ratio achieved by
systems that attempt to cancel noise using an accelerometer
signal that is weakly correlated to a signal including heart
rate information (e.g., system 102 of FIG. 1).

[0023] Conventional noise cancellation techniques used
by typical plethysmograph systems that use an accelerom-
eter signal are relatively fragile and complex, and may
require frequent updates for new application environments
due to weak correlation between the reference signal and the
signal including heart rate information. Referring back to
FIG. 2, plethysmograph system 202 is more robust across
various application environments than typical plethysmo-
graph systems due to the higher correlation between signal
250 and digital reference signal 252 as compared to the
signals used to cancel noise in the typical plethysmogram
system. Moreover, since digital signal 250 and digital ref-
erence signal 252 of plethysmograph system 202 have a
strong correlation, conventional echo cancellation tech-
niques (e.g., classical time-domain least-mean squared echo
cancellation techniques) may be used to process those
signals.

[0024] Referring to FIG. 5, an exemplary adaptive echo
cancellation technique implemented by processor 204
includes generating an estimate of the motion artifacts from
the reference signal 252 using adaptive filter 402 and
subtracting the estimate from measurement excitation signal
240 (e.g., using difference module 406) to reduce the motion
artifacts, as illustrated in FIG. 5. Note that although adaptive
filter 402 and difference module 406 may be implemented
using dedicated integrated circuit modules, in at least one
embodiment, processor 204 is a digital signal processor
programmed with software to execute an adaptive filtering
subroutine and with software to execute a difference com-
putation subroutine. Software (which includes firmware), as
described herein, may be encoded in memory 205, which
may include at least one tangible computer readable
medium. As referred to herein, a tangible computer-readable
medium includes at least a disk, tape, or other magnetic,
optical, or electronic storage medium.

[0025] Referring back to FIG. 2, in general, improving the
signal-to-noise ratio of a plethysmogram signal, may
improve heart rate monitor performance in applications that
typically have poor performance, e.g., applications having
low reflected signal levels. For example, a heart rate monitor
in use by a thin body, a body having a dark skin tone, or a
body having low body temperature, typically does not
achieve a high signal-to-noise ratio even when the body is
stationary. Body motion further degrades that already low
signal-to-noise ratio. By reducing noise in the plethysmo-
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gram signal, the signal-to-noise ratio of a poor plethysmo-
gram signal may improve and be degraded less by body
motion.

[0026] Conventional wearable plethysmograph devices
often include different activity modes (e.g., running mode or
idling mode) selectable by a user prior to initiating a heart
rate (or other) monitor measurement. However, since
plethysmograph system 202 cancels noise using a technique
that is motion independent, unlike those conventional
plethysmograph systems, plethysmograph system 202 needs
no such activity adjustments and such modes and associated
facilities may be eliminated. Since the same noise cancel-
lation technique may be used regardless of user activity and
the user need not regularly change modes according to
activity, plethysmograph system 202 may be easier to use
than a conventional plethysmograph system.

[0027] In addition, plethysmograph system 202 is not
timing-sensitive since digital signal 250 and digital refer-
ence signal 252 have similar timing. Since plethysmograph
system 202 increases the signal-to-noise ratio of the result-
ing plethysmogram signal as compared to a conventional
system, light-emitting diode 212 of emitter 208 may not
need to be driven as strongly as a light-emitting diode of a
conventional system, thus reducing energy consumption of
plethysmograph system 202 as compared to the conven-
tional system. In addition, since plethysmograph system 202
reduces or eliminates noise in a plethysmogram signal,
driver 210 need not be a low noise driver, thereby reducing
or eliminating the need for high-precision components,
reducing driver size, and, thus, reducing the cost of plethys-
mograph system 202 as compared to a corresponding driver
in a conventional system. Since the plethysmogram of
plethysmograph system 202 is motion independent, plethys-
mograph system 202 may not experience reduced signal-to-
noise ratio in applications where the rate of motion (e.g., the
step rate) overlaps with, or aliases, the heart rate.

[0028] Referring to FIGS. 2 and 4, in at least one embodi-
ment of plethysmograph system 202, processor 204 is con-
figured to adjust a transmission power level of emitter 208
from a first power level to a second power level based on a
target signal-to-noise ratio for a plethysmogram generated
using digital signal 250 and digital reference signal 252. For
example, processor 204 configures emitter 208 to transmit
measurement excitation signal 236 at a maximum value of
a first power level and configures reference signal emitter
220 to transmit artifact detection signal 240 at a maximum
value of a second power level (301). Note that processor 204
may also configure other elements of plethysmograph sys-
tem 202. For example, processor 204 may set a gain or
sensitivity level of analog-to-digital converter 216, photo-
diode 218, or other element of sensor 214 to levels that
correspond to the first power level and may set a gain or
sensitivity level of analog-to-digital converter 228, photo-
diode 230, or other element of reference signal sensor 226
to levels that correspond to the second power level. The first
and second power levels may be the same or may vary and
may be selected according to the wavelength of measure-
ment excitation signal 236 or the wavelength of artifact
detection signal 240 and indicators thereof stored in memory
205. Emitter 208 transmits measurement excitation signal
236 at the first power level and reference signal emitter 220
transmits artifact detection signal 240 at the second power
level (302). Plethysmograph system 202 senses reflections
of measurement excitation signal 236 and generates digital
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signal 250 based thereon. Plethysmograph system 202
senses reflections of artifact detection signal 240 and gen-
erates digital reference signal 252 based thereon (304).

[0029] Processor 204 generates the plethysmogram signal,
e.g., using digital signal processing techniques such as
adaptive noise cancellation using digital reference signal
252 and digital signal 250, as described above (306). Pro-
cessor 204 determines a signal-to-noise ratio of the plethys-
mogram signal (308). Processor 204 compares the signal-
to-noise ratio to a threshold signal-to-noise ratio, which may
be stored in storage location 206 (310). The threshold
signal-to-noise ratio may be predetermined by any suitable
technique (e.g., hardwired, received from a user using an
interface to plethysmograph system 202, read by processor
204 from a non-volatile storage element and stored in
storage location 206, etc.). If the signal-to-noise ratio of the
plethysmogram signal exceeds the threshold signal-to-noise
ratio, then processor 204 may adjust (e.g., decrease) the first
power level, the second power level, or combination thereof,
and may adjust corresponding receiver gain levels (312). In
at least one embodiment of plethysmograph system 202, if
the signal-to-noise ratio of the plethysmogram signal falls
below a second threshold signal-to-noise ratio, then proces-
sor 204 may adjust the first power level, the second power
level, receiver gain levels, or combination thereof, toward
the maximum levels or other predetermined levels, if not
already at those levels. In addition, note that the information
and control flow of FIG. 4 may be adapted to implement
hysteresis using different threshold levels to determine when
to increase or decrease the emitter power levels and corre-
sponding receiver gain levels.

[0030] Referring to FIGS. 2 and 6, although plethysmo-
graph system 202 has been described as including emitter
208, reference signal emitter 220, sensor 214 and reference
signal sensor 226, the techniques described herein may be
adapted to various embodiments of plethysmograph system
202. For example, measurement excitation signal 236 may
be generated using emitter 208 and additional emitters, each
including at least one driver and at least one light-emitting
diode circuit that generate the measurement excitation signal
including one or more signals having a wavelength or a
combination of signals having a range of wavelengths,
which may be selected based on the intended application
(e.g., body part, skin type, and design preference). Similarly,
artifact detection signal 240 may be generated using refer-
ence signal emitter 220 and additional emitters, each includ-
ing at least one driver and at least one light-emitting diode
circuit that generate artifact detection signal 240 including
one or more signals having a wavelength or combination of
signals having a range of wavelengths that are less sensitive
to heart rate in the target tissue. For example, artifact
detection signal 240 may include wavelengths shorter than
the wavelength(s) of measurement excitation signal 236 and
that are indicative of surface conditions and wavelength(s)
longer than the wavelength(s) of measurement excitation
signal 236 and that are absorbed less by blood and are not
modulated by heart rate but are indicative of loss on skin
entry and its variation. The multiple emitter circuits of
emitter module 502 may be independently controllable by
processor 204 or some may be configured to receive the
same control signals. In at least one embodiment of plethys-
mograph system 202, reference signal emitter 220 is
excluded and only ambient light is used as artifact detection
signal 240. The amount of ambient light received by refer-
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ence signal sensor 226 of FIG. 2 or sensor module 504 of
FIG. 6 may be related to the same noise sources as mea-
surement excitation signal 236 but is heart rate insensitive.
[0031] In at least one embodiment of plethysmograph
system 202, emitter 208 and reference signal emitter 220
have different displacements with respect to corresponding
sensors or sensor module 504 and may transmit using
time-multiplexed time slots. The displacements relative to
corresponding sensors may increase the sensitivity of mea-
surement excitation signal 236 generated by emitter 208 to
heart rate and decrease sensitivity to heart rate of artifact
detection signal 240, even in embodiments of plethysmo-
graph system 202 where emitter 208 and reference signal
emitter 220 generate signals having the same wavelengths.
[0032] In at least one embodiment of plethysmograph
system 202, rather than using multiple sensors (e.g., sensor
214 and reference signal sensor 220), a sensor module uses
a time-multiplexed sensor to generate both digital signal 250
and digital reference signal 252. For example, sensor mod-
ule 504 includes one physical sensor that detects signals
having the measurement excitation signal wavelength or
measurement excitation signal range of wavelengths during
a first time slot of alternating time slots and detects signals
having the artifact detection signal wavelengths or artifact
detection signal range of wavelengths during a second time
slot of the alternating time slots. An analog-to-digital con-
verter digitizes and demultiplexes the signals and provides
digital signal 250 and digital reference signal 252 to pro-
cessor 204.

[0033] While circuits and physical structures have been
generally presumed in describing embodiments of the inven-
tion, it is well recognized that in modern semiconductor
design and fabrication, physical structures and circuits may
be embodied in computer-readable descriptive form suitable
for use in subsequent design, simulation, test or fabrication
stages. Structures and functionality presented as discrete
components in the exemplary configurations may be imple-
mented as a combined structure or component. Various
embodiments of the invention are contemplated to include
circuits, systems of circuits, related methods, and tangible
computer-readable medium having encodings thereon (e.g,,
VHSIC Hardware Description Language (VHDL), Verilog,
GDSII data, Electronic Design Interchange Format (EDIF),
and/or Gerber file) of such circuits, systems, and methods,
all as described herein, and as defined in the appended
claims.

[0034] The description of the invention set forth herein is
illustrative, and is not intended to limit the scope of the
invention as set forth in the following claims. For example,
while the invention has been described in embodiments of a
heart rate monitor system, one of skill in the art will
appreciate that the teachings herein can be utilized with
systems that use measurements of blood flow to the skin for
monitoring breathing, hypovolemia, and other circulatory
conditions. Variations and modifications of the embodiments
disclosed herein, may be made based on the description set
forth herein, without departing from the scope and spirit of
the invention as set forth in the following claims.

What is claimed is:

1. An apparatus comprising:

a sensor module configured to generate a first sensed
signal based at least in part on detection of a first signal
having a first wavelength and configured to generate a
second sensed signal based at least in part on detection
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of a second signal having a second wavelength different
from the first wavelength; and

a processing circuit configured to generate a plethysmo-

gram based at least in part on the first sensed signal and
the second sensed signal.

2. The apparatus as recited in claim 1 further comprising:

a first emitter configured to emit an optical signal having

the first wavelength, the first signal being a reflected
version of the optical signal.

3. The apparatus as recited in claim 2, further comprising:

a second emitter configured to emit a reference signal, the

second signal being a reflected version of the reference
signal.

4. The apparatus as recited in claim 2, wherein the first
emitter is a first light-emitting diode configured to generate
the optical signal and the first wavelength is in the optical
green range of wavelengths and the second emitter is a
second light-emitting diode and the second wavelength is in
one of the optical blue range of wavelengths and the infrared
range of wavelengths.

5. The apparatus as recited in claim 4, wherein the
reference signal is susceptible to at least some of the same
noise sources as the first signal and insusceptible to heart
rate signal variations.

6. The apparatus as recited in claim 1, wherein the first
wavelength is a human-blood-sensitive and a human-skin-
penetrable wavelength and the second wavelength is at least
one of a human-blood-insensitive wavelength and a human-
skin-impenetrable wavelength.

7. The apparatus as recited in claim 1, wherein the first
wavelength is a heart-rate-sensitive wavelength and the
second wavelength is heart-rate-insensitive wavelength.

8. The apparatus as recited in claim 1, wherein the sensor
module comprises:

a first electromagnetic sensor comprising a photodiode;

and

a second electromagnetic sensor comprising a second

photodiode.

9. The apparatus as recited in claim 1, wherein the
signal-to-noise ratio of the plethysmogram is greater than
the signal-to-noise ratio of the first sensed signal.

10. A method comprising:

generating a plethysmogram based at least in part a first
sensed signal and a second sensed signal, the first
sensed signal having a first wavelength and the second
sensed signal having a second wavelength different
from the first wavelength.
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11. The method as recited in claim 10, further comprising:

generating the first sensed signal based at least in part on
detection of a reflection of a first signal having the first
wavelength; and

generating the second sensed signal based at least in part

on detection of a reference signal having the second
wavelength.

12. The method as recited in claim 11, further comprising:

emitting an optical signal, the first signal being a reflected

version of the optical signal.

13. The method as recited in claim 12, further comprising:

emitting a reference signal, the second signal being a

reflected version of the reference signal.

14. The method as recited in claim 12, further comprising:

adjusting emission of the first signal from a first power

level to a second power level based at least in part on
the first signal, the second signal, and a target signal-
to-noise ratio for the plethysmogram.

15. The method as recited in claim 10, wherein the first
signal has a wavelength in the optical green range of
wavelengths and the second signal has a wavelength in one
of the optical blue range of wavelengths and the infrared
range of wavelengths.

16. The method as recited in claim 10, wherein the second
signal is susceptible to at least some of the same noise
sources as the first signal and insusceptible to heart rate
signal variations.

17. The method as recited in claim 10, wherein the first
wavelength is a human-blood-sensitive wavelength and a
human-skin-penetrable wavelength and the second wave-
length is at least one of human-blood insensitive and human-
skin-impenetrable.

18. The method as recited in claim 10, wherein the first
wavelength is a heart-rate-sensitive wavelength and the
second wavelength is heart-rate-insensitive wavelength.

19. The method as recited in claim 10, wherein the
signal-to-noise ratio of the plethysmogram is greater than
the signal-to-noise ratio of the first sensed signal.

20. A method comprising:

transmitting, at a first power level, a first signal having a

first wavelength;

sensing a reflected signal including reflections of the first

signal;

sensing a second signal less sensitive to heart rate than the

first signal; and

adjusting transmission of the first signal from the first

power level to a second power level based at least in
part on the reflected signal, the second signal, and a
target signal-to-noise ratio for a plethysmogram based
at least in part on the first signal and the second signal.

I S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RBA

S EREESE

BEG®)

—FERECRE F-BHARSE  WRENEIBPIMETERE K

FER =50 & BER VAR TRHE 1T O R WS NI 2R PR 1R

US20170095211A1 ASIHUN=!
US14/872605 i H
EXRENT

Silicon Laboratories#JINC.

Silicon Laboratories#JINC.

WANG QIN

ZHANG YAHUI
CLARK DAVID
ALTMEJD MOSHE M

WANG, QIN

ZHANG, YAHUI
CLARK, DAVID
ALTMEJD, MOSHE M.

A61B5/00 A61B5/024

patsnap

2017-04-06

2015-10-01

A61B5/721 A61B5/0082 A61B5/02433 A61B5/02427 A61B5/02416 A61B5/0245 A61B5/7203 A61B5

/7235
US10595785

Espacenet USPTO

SET EMITTER POWER LEVEL(S) TO
MAX POWER LEVEL(S)

]

KNE-—FESHRURFTEE -RBNES., ZRESESE _BHER I

&, HEEN

PHETERTRTE -RKNE ZRKNE=
FEENRNURFEE-BUES. ZRESHELEBE  AREENE
DR HETE-—RNESNE_RBUES~EARHECE, ZRET
NEfRERRFERE - RKOAESNE—RHHE. ZRETUE L
FEREENAHSEGSNE KRR, FRKTURAMBHZAM
ARBRAZENREK , B0RKTUARAMBRFBBORKMAREKT
ARERKTHED—H,

B
TRANSMIT OPTICAL SIGNAL
TRANSMIT REFERENCE SIGNAL l

SENSE SIGNAL TO GENERATE
DIGITAL SIGNAL 250
SENSE SIGNAL TO GENERATE
DIGITAL REFERENCE SIGNAL 252

GENERATE PLETHYSMOGRAM SIGNAL !

DETERMINE SNR |

ADJUST EMITTER POWER LEVEL(S) AND/OR

RECEIVER GAIN LEVEL(S)



https://share-analytics.zhihuiya.com/view/fb2730a0-894a-468f-a7a5-6fe64a907b99
https://worldwide.espacenet.com/patent/search/family/058447252/publication/US2017095211A1?q=US2017095211A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170095211%22.PGNR.&OS=DN/20170095211&RS=DN/20170095211

