EP 3 662 824 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 662 824 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
10.06.2020 Bulletin 2020/24

(21) Application number: 19213969.9

(22) Date of filing: 05.12.2019

(51) IntCL:

A61B 5/024 (2006.01) A61B 5/00 (2006.0)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 05.12.2018 US 201816210740

(71) Applicant: Viavi Solutions Inc.
San Jose, CA 95002 (US)

(72) Inventors:

* HSIUNG, Changmeng

Redwood City, CA California 94065 (US)
¢ SUN, Lan

Santa Rosa, CA California 95404 (US)

(74) Representative: Murgitroyd & Company

Murgitroyd House
165-169 Scotland Street
Glasgow G5 8PL (GB)

(54) AUTONOMOUS FULL SPECTRUM BIOMETRIC MONITORING

(57) A device may obtain raw heartbeat data asso-
ciated with a plurality of wavelength channels. The device
may generate, based on a feature vector transformation,
a plurality of feature vectors, each corresponding to a
respective one of the plurality of wavelength channels.
The device may identify a set of selected feature vectors,
from the plurality of feature vectors, based on a plurality
of squares of correlation coefficients, each associated

with a respective pair of the plurality of feature vectors.
The device may generate, based on a principal compo-
nent analysis, an average feature vector of the set of
selected feature vectors. The device may determine in-
itial heartbeat cycle data based on the average feature
vector. The device may correct heartbeat cycle gaps in
the initial heartbeat cycle data in order to determine final
heartbeat cycle data.
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Description
BACKGROUND

[0001] Photoplethysmography (PPG) is an optical
technique that can be used to detect volumetric changes
in blood in peripheral circulation (as blood volume chang-
es due to the pumping action of the heart). PPG is anon-
invasive method that makes measurements at the sur-
face of the skin (e.g., at a fingertip, a wrist, an ear lobe,
and/or the like). A PPG device may take the form of a
multispectral sensor device (e.g., a binary multispectral
(BMS) sensor device) that provides heartbeat time-se-
ries data associated with multiple wavelength channels
(e.g., 64 wavelength channels). The multispectral sensor
device includes multiple sensor elements (e.g., optical
sensors, spectral sensors, and/or image sensors), each
to receive one of the multiple wavelength channels (via
a respective region of a multispectral filter) in order to
capture the heartbeat time-series data.

SUMMARY

[0002] The presentinvention inits firstaspectprovides
a method as specified in claims 1 to 7. The present in-
vention in its second aspect provides a device as spec-
ified in claims 8 to 14. The present invention in its third
aspect provides a program as specified in claim 15. Such
a program can be provided by itself or carried by a carrier
medium. The carrier medium may be a recording or other
storage medium. The transmission medium may be a
signal. According to some implementations, a method
may include: obtaining, by a device, raw heartbeat data
associated with a plurality of wavelength channels; gen-
erating, by the device and based on a feature vector
transformation, a plurality of feature vectors, each corre-
sponding to a respective one of the plurality of wave-
length channels; identifying, by the device, a set of se-
lected feature vectors, from the plurality of feature vec-
tors, based on a plurality of squares of correlation coef-
ficients, each associated with a respective pair of the
plurality of feature vectors; generating, by the device and
using a principal component analysis, an average feature
vector of the set of selected feature vectors; determining,
by the device, initial heartbeat cycle data based on the
average feature vector; and correcting, by the device,
heartbeat cycle gaps in the initial heartbeat cycle data in
order to determine final heartbeat cycle data to permit a
biometric monitoring action to be performed.

[0003] According to some implementations, a device
may include one or more memories, and one or more
processors, communicatively coupled to the one or more
memories, to: obtain raw heartbeat data associated with
a plurality of wavelength channels; generate, based on
a feature vector transformation, a plurality of feature vec-
tors, each corresponding to a respective one of the plu-
rality of wavelength channels; identify a set of selected
feature vectors, from the plurality of feature vectors,
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based on a plurality of squares of correlation coefficients,
each associated with a respective pair of the plurality of
feature vectors; generate, based on a principal compo-
nent analysis, an average feature vector of the set of
selected feature vectors; determine initial heartbeat cycle
data based on the average feature vector; and correct
heartbeat cycle gaps in the initial heartbeat cycle data in
order to determine final heartbeat cycle data to permit a
biometric monitoring action to be performed.

[0004] According to some implementations, a non-
transitory computer-readable medium may store instruc-
tions, the instructions including one or more instructions
that, when executed by one or more processors, cause
the one or more processors to: obtain raw heartbeat data
associated with a plurality of wavelength channels; gen-
erate, based on a feature vector transformation, a plu-
rality of feature vectors, each corresponding to a respec-
tive one of the plurality of wavelength channels; identify
a set of selected feature vectors, from the plurality of
feature vectors, based on a plurality of squares of corre-
lation coefficients, each associated with a respective pair
of the plurality of feature vectors; generate, based on a
principal component analysis, an average feature vector
of the set of selected feature vectors; determine initial
heartbeat cycle data based on the average feature vec-
tor; and correct heartbeat cycle gaps in the initial heart-
beat cycle data in order to determine final heartbeat cycle
data to permit a biometric monitoring action to be per-
formed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

Figs. 1A and 1B are diagrams of an example imple-
mentation described herein.

Fig. 2 is a diagram of an example environment in
which systems and/or methods described herein
may be implemented.

Fig. 3 is a diagram of example components of one
or more devices of Fig. 2.

Fig. 4 is a flow chart of an example process for de-
termining heartbeat cycle data based on raw heart-
beat data associated with a plurality of wavelength
channels.

Figs. 5A-5D are diagrams illustrating examples of
feature vectors generated based on raw heartbeat
data, as described herein.

Fig. 6 is a diagram illustrating an example of an av-
erage feature vector generated based on a principal
component analysis of a set of selected feature vec-
tors, as described herein.

Figs. 7A and 7B are diagrams illustrating an example
effect of heartbeat data gap correction in initial heart-
beat cycle data, as described herein.

Fig. 8 is a diagram illustrating an example of instan-
taneous heartrates determined based on final heart-
beat cycle data, as described herein.
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DETAILED DESCRIPTION

[0006] The following detailed description of example
implementations refers to the accompanying drawings.
The same reference numbers in different drawings may
identify the same or similar elements.

[0007] As described above, a multispectral sensor de-
vice may be capable of measuring, obtaining, collecting,
or otherwise determining heartbeat time-series data as-
sociated with multiple (e.g., 16, 32, 64, and/or the like)
wavelength channels. Such data is herein referred to as
raw heartbeat data. In practice the raw heartbeat data
can be quite noisy, and can include frequent baseline
shifts. Due to such noise and/or baseline shifts, segment-
ing the raw heartbeat data into systolic phases (e.g.,
times during which the heart is contracting) and diastolic
phases (e.g., times during which the heart is resting) can
be difficult or impossible. Thus, it is often difficult or im-
possible to use the raw heartbeat data in association with
performing a biometric monitoring action, such as per-
forming vital sign monitoring (e.g., determining an instan-
taneous heartrate, determining a blood pressure, and/or
the like) since the raw heartbeat data may lead to inac-
curate, unreliable results.

[0008] Some implementations described herein pro-
vide a heartbeat cycle data device for determining, based
onraw heartbeat data collected by a multispectral sensor
device, heartbeat cycle data based on which a biometric
monitoring action can be performed. More specifically,
some implementations described provide a heartbeat cy-
cle data device capable of processing the raw heartbeat
data in order to determine the heartbeat cycle data (e.g.,
data identifying start and end times of heartbeat cycles),
thereby allowing a biometric monitoring action that uses
the heartbeat cycle data to provide a comparatively more
accurate and/or comparatively more reliable result (e.g.,
as compared to using raw heartbeat data in association
with performing the biometric monitoring action).
[0009] Figs. 1A and 1B are diagrams of an example
implementation 100 described herein.

[0010] Asshown in Fig. 1A, a multispectral sensor de-
vice may be positioned relative to a skin surface of a
subject. For example, as shown in Fig. 1A, the multispec-
tral sensor device may be a device worn on the wrist of
the subject. In some implementations, the multispectral
sensor device may be positioned relative to the skin sur-
face at another location on the body, such as on a fin-
gertip, an arm, a leg, an ear lobe, and/or the like. In some
implementations, the multispectral sensor device in-
cludes a BMS sensing device that operates in, for exam-
ple, the visible (VIS) spectrum, the near infrared (NIR)
spectrum, and/or the like.

[0011] As shown by reference number 105, the multi-
spectral sensor device may determine (e.g., measure,
gather, collect, and/or the like) raw heartbeat data asso-
ciatedwith N (N > 1) wavelength channels. The raw heart-
beat data includes, for each of the N wavelength chan-
nels, photometric response data that indicates a blood
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volume beneath the skin surface (at the location of the
multispectral sensor device) at a given time point.
[0012] Asshownbyreference number 110, aheartbeat
cycle data device may obtain the raw heartbeat data from
the multispectral sensor device. The heartbeat cycle data
device is a device capable of determining heartbeat cycle
data based on the raw heartbeat data associated with
multiple wavelength channels, as described herein. In
some implementations, the heartbeat cycle data device
may be integrated with the multispectral sensor device
(e.g., in a same package, a same housing, on a same
chip, and/or the like). Alternatively, the heartbeat cycle
data device may be separate (e.g., remotely located)
from the multispectral sensor device.

[0013] In some implementations, the heartbeat cycle
data device may obtain the raw heartbeat data in real-
time or near real-time (e.g., when the multispectral sen-
sor device is configured to provide the raw heartbeat data
as the multispectral sensor device obtains the raw heart-
beat data). Additionally, or alternatively, the heartbeat
cycle data device may obtain the raw heartbeat data
based on the multispectral sensor device (e.g., automat-
ically) providing the raw heartbeat data on a periodic ba-
sis (e.g., every one second, every five seconds, and/or
the like). Additionally, or alternatively, the heartbeat cycle
data device may obtain the raw heartbeat data from the
multispectral sensor device based on requesting the raw
heartbeat data from the multispectral sensor device.
[0014] As shown by reference number 115, the heart-
beat cycle data device may generate N feature vectors,
each corresponding to a respective one of the N wave-
length channels, based on the raw heartbeat data. For
example, the heartbeat cycle data device may perform
a feature vector transformation on items of raw heartbeat
data associated with each of the N wavelength channels
in order to generate N feature vectors.

[0015] The systolic and diastolic phases of heartbeat
cycles are characterized by upward sloping and down-
ward sloping portions, respectively, of signals represent-
ing the raw heartbeat data. Thus, if such characteristics
are captured in feature vectors that are generated from
transforming the raw heartbeat data, signal to noise ratios
(SNRs) will be improved (e.g., as compared with the raw
heartbeat data). In some implementations, moving quar-
ter-period slopes feature vectors may be generated for
this purpose. In some implementations, such a feature
vector transformation mitigates noise originated from
point-to-point variations, while providing sufficient range
to capture a number of time steps before the feature vec-
tor changes sign.

[0016] In some implementations, a quarter-period
moving windows slopes feature vector may be generated
using the following equation:

FV=(R;-Ro)/Ro

where R;is a photometric response, identified by the raw
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heartbeat data, at a current time step and R, is a photo-
metric response, identified by the raw heartbeat data,
wFV time steps before the current time step. Here, wFV
is a quarter of an estimated heartbeat cycle period of the
subject (e.g., atypical heartbeat cycle period, an average
heartbeat cycle period, a previously determined heart-
beat cycle period, and/or the like, which can be adjusta-
ble). Notably, while wFV is described as being a quarter
(1/4) of the heartbeat cycle period of the subject, wFV
can be different than 1/4 of the heartbeat cycle period
(e.g., 1/6 of the heartbeat cycle period, 1/5 of the heart-
beat cycle period, 1/3 of the heartbeat cycle period, 1/2
of the heartbeat cycle period, and/or the like), in some
implementations. Examples illustrating feature vector
generation are described below with regard to Figs. 5A-
5D.

[0017] In practice, not all wavelength channels will
have an acceptable SNR during operation of the multi-
spectral sensor device and, as a result, the heartbeat
cycle data device may need to filter feature vectors cor-
responding to these noisy wavelength channels. In some
implementations, the heartbeat cycle data device may
perform such filtering based on squares of correlation
coefficients of the N feature vectors. A lower square of a
correlation coefficient (e.g., closer to 0) indicates that two
variables are less correlated, while a higher square of a
correlation coefficient indicates that two variables are
comparatively more highly correlated. Thus, as shown
by reference number 120 in Fig. 1A, the heartbeat cycle
data device may determine squares of correlation coef-
ficients for each pair of the N feature vectors.

[0018] As shown by reference number 125, the heart-
beat cycle data device may identify M (M < N) selected
feature vectors based on the squares of the correlation
coefficients. In some implementations, each of the se-
lected feature vectors may correspond to a respective
clean wavelength channel. As an example, the heartbeat
cycle data device may determine NX(N-1)/2 squares of
the correlation coefficients, each associated with one pair
of the N feature vectors. Next, the heartbeat cycle data
device may identify a set of MX(M-1)/2 squares of the
correlation coefficients, of the NX(N-1)/2 determined
squares of the correlation coefficients, that satisfy a
threshold (e.g., aminimum allowable value, such as 0.80,
0.90, 0.95, and/or the like). Here, the heartbeat cycle
data device may identify a set of M selected feature vec-
tors that correspond to the set of MX(M-1)/2 squares of
the correlation coefficients that satisfy the threshold. In
this way, the heartbeat cycle data device may filter wave-
length channels with an unacceptable amount of noise.
[0019] As shown in Fig. 1B, and by reference number
130, after identifying the M selected feature vectors, the
heartbeat cycle data device may generate, using a prin-
cipal componentanalysis (PCA), an average feature vec-
tor of the M selected feature vectors. For example, since
data segmentation may be designed to be performed on
univariate time-series data, the multivariate time-series
data, corresponding to the M selected feature vectors,
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may need to be compressed into univariate time-series
data. This compression can be viewed as an averaging
of the M selected feature vectors. In some implementa-
tions, the average feature vector is generated based on
a first principal component (PC1) determined as a result
of the PCA. In some implementations, generating the av-
erage feature vector using a PCA allows systolic and
diastolic phases of heartbeats to be more readily identi-
fied (e.g., since the average feature vector will have a
higher SNR than an individual one of the set of selected
feature vectors or a mean of the set of selected feature
vectors, as described below). An example illustrating
such an average feature vector is described below with
regard to Fig. 6.

[0020] As shown by reference number 135, the heart-
beat cycle data device may determine initial heartbeat
cycle databased on the average feature vector. Theinitial
heartbeat cycle data may include information that iden-
tifies a start time and an end time for an initial set of
heartbeats. In some implementations, the heartbeat cy-
cle data device may determine the initial heartbeat cycle
data based on the average feature vector. For example,
the heartbeat cycle data device may identify positive
phases of the average feature vector (e.g., windows of
time during which the average feature vector has a sub-
stantially positive slope and crosses a threshold value,
such as zero) and negative phases of the average feature
vector (e.g., windows of time during which the average
feature vector has a substantially negative slope and
crosses the threshold value). In this example, a positive
phase (indicating the systolic phase of a heartbeat) being
adjacent to a negative phase (indicating the diastolic
phase of the heartbeat) defines one heartbeat cycle pe-
riod, and start and end times of the heartbeat cycle can
be determined accordingly. In some implementations,
the heartbeat cycle data device may determine initial
heartbeat cycle data that identifies start and end times
for multiple heartbeats.

[0021] As further shown in Fig. 1B, and by reference
number 140, the heartbeat cycle data device may correct
heartbeat cycle gaps in the initial heartbeat cycle data in
order to determine final (e.g., gap-free) heartbeat cycle
data.

[0022] A heartbeat cycle gap may be an error, inaccu-
racy, inconsistency, and/or the like, in the initial heartbeat
cycle data that results in a given heartbeat cycle period
being identified as significantly shorter or longer than is
reasonably possible. For example, in practice, the aver-
age feature vector may include spikes and/or noise that
can over-divide a heartbeat cycle into several fragments
of positive or negative phases. When this occurs, a heart-
beat cycle period identified in the initial heartbeat cycle
data will be significantly lower than an actual heartbeat
cycle period. As a result, a biometric monitoring action
thatis performed based on such data may be inaccurate
and/or unreliable. For example, an instantaneous heart-
beat rate will show a significant positive spike in the case
of an over-divided heartbeat (e.g., such that the deter-
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mined instantaneous heart rate is much higher than the
actual heart rate).

[0023] As another example, a sloping baseline in the
average feature vector (e.g., caused by sloping baselines
in the raw heartbeat data) can cause negative or positive
phases to be undetected. For example, a positively
sloped baseline can cause negative phases to go unde-
tected, and a negatively sloped baseline can cause pos-
itive phases to go undetected. When this occurs, a heart-
beat cycle period identified in the initial heartbeat cycle
data will be significantly higher than an actual heartbeat
cycle period. As a result, a biometric monitoring action
that is performed based on such data may be inaccurate
and/or unreliable. For example, an instantaneous heart-
beat rate will have a negative spike in the case of such
undetected phases (e.g., such that the determined in-
stantaneous heart rate is much lower than the actual
heart rate). In some implementations, correcting gaps in
the initial heartbeat cycle data may remove the effects
of over-divided heartbeat cycles and sloping baselines.
[0024] In some implementations, as a first step in cor-
recting heartbeat cycle gaps in the initial heartbeat cycle
data, the heartbeat cycle data device may identify one
or more such heartbeat cycle gaps. For example, the
heartbeat cycle data device may determine that a heart-
beat cycle, identified by the initial heartbeat cycle data,
has a period that satisfies a threshold. For example, the
heartbeat cycle data device may determine that a given
heartbeat cycle has a period that is less than a minimum
heartbeat cycle period. In such a case, the heartbeat cy-
cle data device may identify the presence of a gap caused
by an over-divided heartbeat cycle. As another example,
the heartbeat cycle data device may determine that a
given heartbeat cycle has a period that is greater than a
maximum heartbeat cycle period. In such a case, the
heartbeat cycle data device may identify the presence of
a gap caused by a sloping baseline.

[0025] In some implementations, the heartbeat cycle
data device may be configured with information thatiden-
tifies the threshold, and the threshold may be adjustable
(e.g., by the heartbeat cycle data device, by the subject,
and/or the like). For example, the heartbeat cycle data
device may store or have access to information thatiden-
tifies an estimated heartbeat cycle period associated with
the subject (e.g., a typical heartbeat cycle period, an av-
erage heartbeat cycle period, a previously determined
heartbeat cycle period, and/or the like), and maximum
allowable positive and negative differences (e.g., an
amount of time, a percentage, and/or the like) from the
estimated heartbeat cycle period.

[0026] In some implementations, after identifying a
heartbeat cycle gap, the heartbeat cycle data device may
modify the initial heartbeat cycle data in order to correct
the identified heartbeat cycle gap. For example, in the
case of an over-divided heartbeat cycle, the heartbeat
cycle data device may combine adjacent heartbeat cy-
cles until an adjusted heartbeat cycle period is greater
than or equal to the minimum heartbeat cycle period. As
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another example, in the case of an undetected phase,
the heartbeat cycle data device may identify local troughs
or peaks in the average feature vector during the heart-
beat cycle period, and may divide the heartbeat cycle
into two ormore heartbeatcycles (e.g., such thatadjusted
heartbeat cycle periods of the two or more heartbeat cy-
cles are less than or equal to the maximum heartbeat
cycle period). In some implementations, the heartbeat
cycle data device may correct multiple heartbeat cycle
gaps in the initial heartbeat cycle data. In some imple-
mentations, data resulting from the correction of one or
more heartbeat cycle gaps can be referred to as final
(e.g., gap-free) heartbeat cycle data. Examples illustrat-
ing an effect of heartbeat cycle gap correction are de-
scribed below with regard to Figs. 7A and 7B.

[0027] In some implementations, the final heartbeat
cycle data may permit a biometric monitoring action to
be performed (e.g., by the heartbeat cycle data device,
by the multispectral sensor device, or by another device).
The biometric monitoring action may include, for exam-
ple, vital sign monitoring (e.g., instantaneous heart rate
determination, blood pressure determination, and/or the
like), or another type of biometric determination and/or
monitoring (e.g., blood oxygenation determination, aug-
mentation index determination, hydration determination,
and/or the like).

[0028] In some implementations, as shown by refer-
ence number 145, the heartbeat cycle data device may
provide the final heartbeat cycle data and/or information
associated with the final heartbeat cycle data. For exam-
ple, in some implementations, the heartbeat cycle data
device may provide the final heartbeat cycle data to a
device configured to perform vital sign monitoring (e.g.,
instantaneous heart rate determination, blood pressure
determination, and/or the like). As another example, in
some implementations, the heartbeat cycle data device
may provide the final heartbeat cycle data to a device
configured to perform another type of biometric monitor-
ing (e.g., blood oxygen saturation determination, hydra-
tion, and/or the like). In some implementations, the final
heartbeat cycle data can be provided for use in a BMS
PPG feature matrix based on which biometric monitoring
can be performed.

[0029] In some implementations, the heartbeat cycle
data device may determine an instantaneous heart rate
based on the final heartbeat cycle data, and may provide
(e.g., for display via a display screen of the multispectral
sensor device and/or the heartbeat cycle data device)
information that identifies the instantaneous heart rate.
An example associated with determination of an instan-
taneous heart rate is described below with regard to Fig.
8.

[0030] In this way, a heartbeat cycle data device can
determine heartbeat cycle data based on raw heartbeat
data, collected by a multispectral sensor device, in order
to permit a biometric monitoring action to be performed
with increased accuracy and/orincreased reliability (e.g.,
as compared to performing the biometric monitoring ac-
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tion based on the raw heartbeat data).

[0031] As indicated above, Figs. 1A and 1B are pro-
vided merely as examples. Other examples may differ
from what is described with regard to Figs. 1A and 1B.
[0032] Fig. 2 is a diagram of an example environment
200 in which systems and/or methods described herein
may be implemented. As shown in Fig. 2, environment
200 may include a multispectral sensor device 205, a
heartbeat cycle data device 210, and a network 215. De-
vices of environment 200 may interconnect via wired con-
nections, wireless connections, ora combination of wired
and wireless connections.

[0033] Multispectral sensor device 205 includes a de-
vice capable of measuring, gathering, collecting, or oth-
erwise determining raw heartbeat data associated with
a plurality of wavelength channels, as described herein.
For example, multispectral sensor device 205 may in-
clude a multispectral sensing device capable of deter-
mining raw heartbeat data (in the form of multivariate
time-series data) on each of 64 wavelength channels. In
some implementations, multispectral sensor device 205
may operate in the visible spectrum, the near infrared
spectrum, the infrared spectrum, and/or the like. In some
implementations, multispectral sensor device 205 may
be a wearable device (e.g., a device worn that can be
worn on a wrist, a finger, an arm, a leg, a head, an ear,
and/or the like). In some implementations, multispectral
sensordevice 205 may be integrated with heartbeat cycle
data device 210 (e.g., such that multispectral sensor de-
vice 205 and heartbeat cycle data device 210 are on the
same chip, in the same package, in the same housing,
and/or the like). Alternatively, in some implementations,
multispectral sensor device 205 may be separate from
heartbeat cycle data device 210. In some implementa-
tions, multispectral sensor device 205 may receive infor-
mation from and/ortransmitinformation to another device
in environment 200, such as heartbeat cycle data device
210.

[0034] Heartbeat cycle data device 210 includes a de-
vice capable of determining heartbeat cycle data based
onraw heartbeat data associated with a plurality of wave-
length channels, as described herein. For example,
heartbeat cycle data device 210 may include an applica-
tion specific integrated circuit (ASIC), an integrated cir-
cuit, a server, a group of servers, and/or the like, and/or
another type of communication and/or computing device.
In some implementations, heartbeat cycle data device
210 may be integrated with multispectral sensor device
205 (e.g., such that multispectral sensor device 205 and
heartbeat cycle data device 210 are on the same chip,
in the same package, in the same housing, and/or the
like). Alternatively, in some implementations, heartbeat
cycle data device 210 may be separate from multispectral
sensor device 205. In some implementations, heartbeat
cycle data device 210 may receive information from
and/or transmit information to another device in environ-
ment 200, such as multispectral sensor device 205.
[0035] Network 215 includes one or more wired and/or
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wireless networks. For example, network 215 may in-
clude a wired network (e.g., when multispectral sensor
device 205 and heartbeat cycle data device 210 are in-
cluded in same package and/or a same chip). As another
example, network 215 may include a cellular network
(e.g., a long-term evolution (LTE) network, a code divi-
sion multiple access (CDMA) network, a 3G network, a
4G network, a 5G network, another type of next gener-
ation network, etc.), a public land mobile network
(PLMN), alocal area network (LAN), a wide area network
(WAN), a metropolitan area network (MAN), a telephone
network (e.g., the Public Switched Telephone Network
(PSTN)), a private network, an ad hoc network, an in-
tranet, the Internet, a fiber optic-based network, a cloud
computing network, or the like, and/or a combination of
these or other types of networks.

[0036] The number and arrangement of devices and
networks shown in Fig. 2 are provided as an example.
In practice, there may be additional devices and/or net-
works, fewer devices and/or networks, different devices
and/or networks, or differently arranged devices and/or
networks than those shown in Fig. 2. Furthermore, two
or more devices shown in Fig. 2 may be implemented
within a single device, or a single device shown in Fig. 2
may be implemented as multiple, distributed devices. Ad-
ditionally, or alternatively, a set of devices (e.g., one or
more devices) of environment 200 may perform one or
more functions described as being performed by another
set of devices of environment 200.

[0037] Fig. 3 is a diagram of example components of
a device 300. Device 300 may correspond to multispec-
tral sensor device 205 and/or heartbeat cycle data device
210. In some implementations, multispectral sensor de-
vice 205 and/or heartbeat cycle data device 210 may
include one or more devices 300 and/or one or more
components of device 300. As shown in Fig. 3, device
300 may include a bus 310, a processor 320, a memory
330, a storage component 340, an input component 350,
an output component 360, and a communication inter-
face 370.

[0038] Bus 310 includes a component that permits
communication among the components of device 300.
Processor 320 is implemented in hardware, firmware, or
a combination of hardware and software. Processor 320
is a central processing unit (CPU), a graphics processing
unit (GPU), an accelerated processing unit (APU), a mi-
croprocessor, a microcontroller, a digital signal proces-
sor (DSP), a field-programmable gate array (FPGA), an
application-specific integrated circuit (ASIC), or another
type of processing component. In some implementa-
tions, processor 320 includes one or more processors
capable of being programmed to perform a function.
Memory 330 includes a random access memory (RAM),
a read only memory (ROM), and/or another type of dy-
namic or static storage device (e.g., a flash memory, a
magnetic memory, and/or an optical memory) that stores
information and/or instructions for use by processor 320.
[0039] Storage component 340 stores information
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and/or software related to the operation and use of device
300. For example, storage component 340 may include
a hard disk (e.g., a magnetic disk, an optical disk, a mag-
neto-optic disk, and/or a solid state disk), a compact disc
(CD), a digital versatile disc (DVD), a floppy disk, a car-
tridge, a magnetic tape, and/or another type of non-tran-
sitory computer-readable medium, along with a corre-
sponding drive.

[0040] Input component 350 includes a component
that permits device 300 to receive information, such as
via user input (e.g., a touch screen display, a keyboard,
a keypad, a mouse, a button, a switch, and/or a micro-
phone). Additionally, or alternatively, input component
350 may include a sensor for sensing information (e.g.,
a global positioning system (GPS) component, an accel-
erometer, a gyroscope, and/or an actuator). Output com-
ponent 360 includes a component that provides output
information from device 300 (e.g., a display, a speaker,
and/or one or more light-emitting diodes (LEDs)).
[0041] Communication interface 370 includes a trans-
ceiver-like component (e.g., a transceiver and/or a sep-
arate receiver and transmitter) that enables device 300
to communicate with other devices, such as via a wired
connection, a wireless connection, or a combination of
wired and wireless connections. Communication inter-
face 370 may permit device 300 to receive information
from another device and/or provide information to anoth-
er device. For example, communication interface 370
may include an Ethernet interface, an optical interface,
a coaxial interface, an infrared interface, a radio frequen-
cy (RF) interface, a universal serial bus (USB) interface,
a Wi-Fi interface, a cellular network interface, or the like.
[0042] Device 300 may perform one or more processes
described herein. Device 300 may perform these proc-
esses based on processor 320 executing software in-
structions stored by a non-transitory computer-readable
medium, such as memory 330 and/or storage component
340. A computer-readable medium is defined herein as
a non-transitory memory device. A memory device in-
cludes memory space within a single physical storage
device or memory space spread across multiple physical
storage devices.

[0043] Software instructions may be read into memory
330 and/or storage component 340 from another com-
puter-readable medium or from another device via com-
munication interface 370. When executed, software in-
structions stored in memory 330 and/or storage compo-
nent 340 may cause processor 320 to perform one or
more processes described herein. Additionally, or alter-
natively, hardwired circuitry may be used in place of or
in combination with software instructions to perform one
or more processes described herein. Thus, implementa-
tions described herein are not limited to any specific com-
bination of hardware circuitry and/or software.

[0044] The number and arrangement of components
shown in Fig. 3 are provided as an example. In practice,
device 300 may include additional components, fewer
components, different components, or differently ar-
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ranged components than those shown in Fig. 3. Addi-
tionally, or alternatively, a set of components (e.g., one
or more components) of device 300 may perform one or
more functions described as being performed by another
set of components of device 300.

[0045] Fig. 4 is a flow chart of an example process 400
for determining heartbeat cycle data based on raw heart-
beat data associated with a plurality of wavelength chan-
nels. In some implementations, one or more process
blocks of Fig. 4 may be performed by a heartbeat cycle
data device (e.g., heartbeat cycle data device 210). In
some implementations, one or more process blocks of
Fig. 4 may be performed by another device or a group
of devices separate from or including the heartbeat cycle
data device, such as a multispectral sensor device (e.g.,
multispectral sensor device 205), and/or the like.
[0046] As shown in Fig. 4, process 400 may include
obtaining raw heartbeat data associated with a plurality
of wavelength channels (block 410). For example, the
heartbeat cycle data device (e.g., using processor 320,
memory 330, storage component 340, input component
350, communication interface 370, and/or the like) may
obtain raw heartbeat data associated with a plurality of
wavelength channels, as described above.

[0047] As shown in Fig. 4, process 400 may include
generating, based on a feature vector transformation, a
plurality of feature vectors, each corresponding to a re-
spective one of the plurality of wavelength channels
(block 420). For example, the heartbeat cycle data device
(e.g., using processor 320, memory 330, and/or the like)
may generate, based on a feature vector transformation,
a plurality of feature vectors, each corresponding to a
respective one of the plurality of wavelength channels,
as described above.

[0048] As shown in Fig. 4, process 400 may include
identifying a set of selected feature vectors, from the plu-
rality of feature vectors, based on a plurality of squares
of correlation coefficients, each associated with arespec-
tive pair of the plurality of feature vectors (block 430). For
example, the heartbeat cycle data device (e.g., using
processor 320, memory 330, and/or the like) may identify
a set of selected feature vectors, from the plurality of
feature vectors, based on a plurality of squares of corre-
lation coefficients, each associated with a respective pair
of the plurality of feature vectors, as described above.
[0049] As shown in Fig. 4, process 400 may include
generating, using a principal component analysis, an av-
erage feature vector of the set of selected feature vectors
(block 440). Forexample, the heartbeat cycle data device
(e.g., using processor 320, memory 330, and/or the like)
may generate, using a principal component analysis, an
average feature vector of the set of selected feature vec-
tors, as described above.

[0050] As shown in Fig. 4, process 400 may include
determining initial heartbeat cycle data based on the av-
erage feature vector (block 450). For example, the heart-
beat cycle data device (e.g., using processor 320, mem-
ory 330, and/or the like) may determine initial heartbeat
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cycle data based on the average feature vector, as de-
scribed above.

[0051] As shown in Fig. 4, process 400 may include
correcting heartbeat cycle gaps in the initial heartbeat
cycle datain order to determine final heartbeat cycle data
to permit a biometric monitoring action to be performed
(block 460). For example, the heartbeat cycle datadevice
(e.g., using processor 320, memory 330, and/or the like)
may correct heartbeat cycle gaps in the initial heartbeat
cycledatainorder to determine final heartbeat cycle data,
to permit a biometric monitoring action to be performed,
as described above.

[0052] Process 400 may include additional implemen-
tations, such as any single implementation or any com-
bination of implementations described below and/or in
connection with one or more other processes described
elsewhere herein.

[0053] In some implementations, the biometric moni-
toring action is instantaneous heart rate determination.
Here, the heartbeat cycle data device may determine an
instantaneous heart rate based on the final heartbeat cy-
cle data, and provide information that identifies the in-
stantaneous heart rate, in some implementations.
[0054] In some implementations, the biometric moni-
toring action is vital sign monitoring. Here, the heartbeat
cycle data device may provide the final heartbeat cycle
data in association with performing the vital sign moni-
toring.

[0055] In some implementations, the plurality of fea-
ture vectors is a plurality of moving quarter-period slopes
feature vectors.

[0056] In some implementations, the heartbeat cycle
data device may determine the plurality of squares of the
correlation coefficients for the plurality of feature vectors,
and identify a set of squares of the correlation coeffi-
cients, of the plurality of squares of the correlation coef-
ficients, that satisfy a threshold. Here, when identifying
the set of selected feature vectors, the heartbeat cycle
data device may identify the set of selected feature vec-
tors based on the set of squares of the correlation coef-
ficients, where each of the set of squares of the correla-
tion coefficients corresponds to a respective pair of the
set of selected feature vectors.

[0057] In some implementations, the average feature
vector is generated based on a first principal component
associated with the principal component analysis.
[0058] In some implementations, when correcting the
heartbeat cycle gapsin order to determine the final heart-
beat cycle data, the heartbeat cycle data device may
identify a heartbeat cycle gap based on determining that
a heartbeat cycle, identified by the initial heartbeat cycle
data, has a period that satisfies a threshold; and modify,
based on an estimated heartbeat cycle period, the initial
heartbeat cycle data in order to correct the identified
heartbeat cycle gap, where a result of modifying the initial
heartbeat cycle data to correct the identified heartbeat
cycle gap is the final heartbeat cycle data.

[0059] Although Fig. 4 shows example blocks of proc-
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ess 400, in some implementations, process 400 may in-
clude additional blocks, fewer blocks, different blocks, or
differently arranged blocks than those depicted in Fig. 4.
Additionally, or alternatively, two or more of the blocks
of process 400 may be performed in parallel.

[0060] Figs. 5A-5D are diagrams illustrating examples
of feature vectors generated based on raw heartbeat da-
ta, as described herein. Notably, identification of individ-
ual signals is not necessary for understanding the imple-
mentation illustrated by Figs. 5A-5D; consequently, clear
delineation of each signal is not shown.

[0061] Fig. 5Ais an example illustrating raw heartbeat
data (in the form of relative count change of average
counts) for 14 wavelength channels during atime window
from time step 0 to approximately time step 180. Notably,
the raw heartbeat data illustrated in Fig. 5A has a rela-
tively flat baseline. In some implementations, as de-
scribed above, feature vectors can be generated for each
of the wavelength channels. Fig. 5B is an example illus-
trating a result of transforming the raw heartbeat data,
associated with each of the 14 wavelength channels, to
a respective moving quarter-period slopes feature vec-
tor. As shown in Fig. 5B, positive and negative phases
of the feature vectors are readily identifiable (e.g., as
compared to the raw heartbeat data). Thus, as described
above, feature vector transformation may allow heart-
beat cycle data to be determined by heartbeat cycle data
device 210.

[0062] Fig.5C is an example illustrating raw heartbeat
data (in the form of relative count change of average
counts) for the 14 wavelength channels during a time
window from approximately time step 180 to approxi-
mately time step 320. Notably, the raw heartbeat data
illustrated in Fig. 5C has a baseline with a significantly
positive slope. In some implementations, as described
above, feature vectors can be generated for each of the
wavelength channels. Fig. 5D is an example illustrating
a result of transforming the raw heartbeat data, associ-
ated with each of the 14 wavelength channels, to a re-
spective moving quarter-period slopes feature vector. As
shown in Fig. 5D, positive and negative phases of the
feature vectors are relatively identifiable (e.g., as com-
pared to the raw heartbeat data). Thus, as described
above, feature vector transformation may allow heart-
beat cycle data to be determined by heartbeat cycle data
device 210. In some implementations, as described
above, heartbeat cycle data device 210 may correct gaps
resulting from the positively sloped baseline in the man-
ner described above (e.g., after generating an average
feature vector).

[0063] As indicated above, Figs. 5A-5D are provided
merely as examples. Other examples may differ from
what is described with regard to Figs. 5A-5D.

[0064] Fig. 6 is a diagram illustrating an example of an
average feature vector generated based on a principal
component analysis of a set of selected feature vectors,
as described herein. As shown in Fig. 6, in this example,
a feature vector corresponding to a 506 nanometer (nm)
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wavelength channel, a feature vector corresponding to
a 520nm wavelength channel, and a feature vector cor-
responding to a mean of the set of selected feature vec-
tors (e.g., a set of selected feature vectors that includes
the feature vectors corresponding to the 506nm and
520nm channels) have values that range between ap-
proximately -0.02 and approximately 0.02 in a given time
window. As further shown, an average feature vector
(PC1) generated using a PCA of the set of selected fea-
ture vectors has a value that ranges between approxi-
mately -0.06 and 0.08 in the given time window.

[0065] As illustrated by Fig. 6, generating the average
feature vector (e.g., PC1) using a PCA provides a signal
with a significantly higher SNR (e.g., as compared to an
individual one of the set of selected feature vectors or a
mean of the set of selected feature vectors) and, there-
fore, allows positive and negative phases to be more
readily identified in association with determining heart-
beat cycle data in the manner described above.

[0066] As indicated above, Fig. 6 is provided merely
as an example. Other examples may differ from what is
described with regard to Fig. 6.

[0067] Figs.7A and 7B are diagrams illustrating an ex-
ample effect of heartbeat data gap correction in initial
heartbeat cycle data, as described herein. Fig. 7A illus-
trates an example of numbers of occurrences of different
heartbeat periods before and after gap correction during
a given time window, and Fig. 7B illustrates an example
of determined instantaneous heart rates before and after
gap correction during the given time window.

[0068] As shown in Fig. 7A, before gap correction, a
number of over-divided heartbeat cycle periods (e.g.,
heartbeat cycle periods with periods of less than approx-
imately 20 time steps) and undetected heartbeat cycle
periods are present. As further shown, after gap correc-
tion, these gaps are removed (e.g., such that all heartbeat
cycles have a period that is between approximately 20
and approximately 32 time steps).

[0069] Similarly, as shown in Fig. 7B, before gap cor-
rection, the instantaneous heart rate includes numerous
positive spikes (e.g., above approximately 150 beats per
minute) resulting from the over-divided heartbeat cycle
periods, and negative spikes resulting from the undetec-
ted heartbeat cycle periods. As further shown, after gap
correction, these spikes are removed (e.g., such that the
instantaneous heart rate does not include sudden signif-
icant increases or decreases).

[0070] As indicated above, Figs. 7A and 7B are pro-
vided merely as examples. Other examples may differ
from what is described with regard to Figs. 7A and 7B.
[0071] Fig. 8 is a diagram illustrating an example of
instantaneous heart rates determined based on final
heartbeat cycle data, a described herein. As shown in
Fig. 8, an instantaneous heart rate determined based on
final heartbeat cycle data, as described herein, may ap-
proximately match (e.g., within a few beats per minute)
aninstantaneous heart rate determined in a conventional
chest strap heart rate monitor (which is known to be rel-
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atively accurate). Notably, further improvement may re-
sult from smoothing of the determined instantaneous
heart rate (e.g., using a moving window average) and,
therefore, a closer match than that illustrated in Fig. 8
can be achieved. In either case, as illustrated in Fig. 8,
the final heartbeat cycle data, determined in the manner
described herein, may allow for a biometric monitoring
action to be performed with an acceptable accuracy
and/or reliability.

[0072] As indicated above, Fig. 8 is provided merely
as an example. Other examples may differ from what is
described with regard to Fig. 8.

[0073] Some implementations described herein allow
heartbeat cycle data device 210 to determine, based on
raw heartbeat data collected by multispectral sensor de-
vice 205, heartbeat cycle data based on which a biometric
monitoring action can be performed. More specifically,
some implementations described herein allow heartbeat
cycle data device 210 to process the raw heartbeat data
in order to determine the heartbeat cycle data, thereby
allowing a biometric monitoring action that uses the
heartbeat cycle data to provide a comparatively more
accurate and/or comparatively more reliable result (e.g.,
as compared to using raw heartbeat data in association
with performing the biometric monitoring action).

[0074] The foregoing disclosure provides illustration
and description, but is not intended to be exhaustive or
to limitthe implementations to the precise form disclosed.
Modifications and variations may be made in light of the
above disclosure or may be acquired from practice of the
implementations.

[0075] Asusedherein, the term"component”isintend-
ed to be broadly construed as hardware, firmware, or a
combination of hardware and software.

[0076] Some implementations are described herein in
connection with thresholds. As used herein, satisfying a
threshold may refer to a value being greater than the
threshold, more than the threshold, higher than the
threshold, greater than or equal to the threshold, less
than the threshold, fewer than the threshold, lower than
the threshold, less than or equal to the threshold, equal
to the threshold, or the like, depending on the context.
[0077] Itwillbe apparentthat systems and/or methods,
described herein, may be implemented in different forms
of hardware, firmware, or a combination of hardware and
software. The actual specialized control hardware or soft-
ware code used to implement these systems and/or
methods is not limiting of the implementations. Thus, the
operation and behavior of the systems and/or methods
are described herein without reference to specific soft-
ware code-it being understood that software and hard-
ware can be designed to implement the systems and/or
methods based on the description herein.

[0078] Even though particular combinations of fea-
tures are recited in the claims and/or disclosed in the
specification, these combinations are notintended to limit
the disclosure of various implementations. In fact, many
of these features may be combined in ways not specifi-
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cally recited in the claims and/or disclosed in the speci-
fication. Although each dependentclaim listed below may
directly depend on only one claim, the disclosure of var-
ious implementations includes each dependent claim in
combination with every other claim in the claim set.
[0079] No element, act, or instruction used herein
should be construed as critical or essential unless explic-
itly described as such. Also, as used herein, the articles
"a" and "an" are intended to include one or more items,
and may be used interchangeably with "one or more."
Furthermore, as used herein, the term "set" is intended
to include one or more items (e.g., related items, unre-
lated items, a combination of related and unrelated items,
etc.), and may be used interchangeably with "one or
more." Where only one item is intended, the phrase "only
one" or similar language is used. Also, as used herein,
the terms "has," "have," "having," or the like are intended
to be open-ended terms. Further, the phrase "based on"
is intended to mean "based, at least in part, on" unless
explicitly stated otherwise.

[0080] The present invention may be defined by way
of the following clauses. It will be understood that the
features recited are interchangeable defined by the fol-
lowing clauses and their dependencies. That is, the fea-
tures of the clauses may be combined to define the
present invention.

CLAUSES
[0081]
1. A method, comprising:

obtaining, by a device, raw heartbeat data as-
sociated with a plurality of wavelength channels;
generating, by the device and based on afeature
vector transformation, a plurality of feature vec-
tors, each corresponding to a respective one of
the plurality of wavelength channels;
identifying, by the device, a set of selected fea-
ture vectors, from the plurality of feature vectors,
based on a plurality of squares of correlation co-
efficients, each associated with a respective pair
of the plurality of feature vectors;

generating, by the device and using a principal
component analysis, an average feature vector
of the set of selected feature vectors;
determining, by the device, initial heartbeat cy-
cle data based on the average feature vector;
and

correcting, by the device, heartbeat cycle gaps
in the initial heartbeat cycle data in order to de-
termine final heartbeat cycle data to permit a
biometric monitoring action to be performed.

2. The method of clause 1, wherein the biometric
monitoring action is vital sign monitoring, and where-
in the method further comprises:
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providing the final heartbeat cycle datain association
with performing the vital sign monitoring.

3. The method of clause 2, wherein the vital sign
monitoring includes instantaneous heart rate deter-
mination or blood pressure determination.

4. The method of clause 1, wherein the plurality of
feature vectors is a plurality of moving quarter-period
slopes feature vectors.

5. The method of clause 1, further comprising:

determining the plurality of squares of the cor-
relation coefficients for the plurality of feature
vectors;

identifying a set of squares of the correlation co-
efficients, of the plurality of squares of the cor-
relation coefficients, that satisfy a threshold; and
wherein identifying the set of selected feature
vectors comprises:

identifying the set of selected feature vectors
based on the set of squares of the correlation
coefficients,

wherein each of the set of squares of the corre-
lation coefficients corresponds to a respective
pair of the set of selected feature vectors.

6. The method of clause 1, wherein the average fea-
ture vector is generated based on a first principal
component associated with the principal component
analysis.

7. The method of clause 1, wherein correcting the
heartbeat cycle gaps in order to determine the final
heartbeat cycle data comprises:

identifying a heartbeat cycle gap based on de-
termining that a heartbeat cycle, identified by
the initial heartbeat cycle data, has a period that
satisfies a threshold; and

modifying, based on an estimated heartbeat cy-
cle period, the initial heartbeat cycle data in or-
der to correct the identified heartbeat cycle gap,
wherein a result of modifying the initial heartbeat
cycle data to correct the identified heartbeat cy-
cle gap is the final heartbeat cycle data.

8. A device, comprising:

one or more memories; and
one or more processors, communicatively cou-
pled to the one or more memories, to:

obtain raw heartbeat data associated with
a plurality of wavelength channels;

generate, based on a feature vector trans-
formation, a plurality of feature vectors,
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each corresponding to a respective one of
the plurality of wavelength channels;
identify a set of selected feature vectors,
from the plurality of feature vectors, based
on a plurality of squares of correlation coef-
ficients, each associated with a respective
pair of the plurality of feature vectors;
generate, using a principal componentanal-
ysis, an average feature vector of the set of
selected feature vectors;

determine initial heartbeat cycle data based
on the average feature vector; and

correct heartbeat cycle gaps in the initial
heartbeat cycle data in order to determine
final heartbeat cycle data to permit a bio-
metric monitoring action to be performed.

9. The device of clause 8, wherein the biometric mon-
itoring action is vital sign monitoring, and wherein
the one or more processors are further to:

provide the final heartbeat cycle data in association
with performing the vital sign monitoring.

10. The device of clause 9, wherein the vital sign
monitoring includes instantaneous heart rate deter-
mination or blood pressure determination.

11. The device of clause 8, wherein the plurality of
feature vectors is a plurality of moving quarter-period
slopes feature vectors.

12. The device of clause 8, wherein the one or more
processors are further to:

determine the plurality of squares of the corre-
lation coefficients for the plurality of feature vec-
tors;

identify a set of squares of the correlation coef-
ficients, of the plurality of squares of the corre-
lation coefficients, that satisfy a threshold; and
wherein the one or more processors, when iden-
tifying the set of selected feature vectors, are to:
identify the set of selected feature vectors based
on the set of squares of the correlation coeffi-
cients,

wherein each of the set of squares of the corre-
lation coefficients corresponds to a respective
pair of the set of selected feature vectors.

13. The device of clause 8, wherein the average fea-
ture vector is generated based on a first principal
component associated with the principal component
analysis.

14. The device of clause 8, wherein the one or more
processors, when correcting the heartbeat cycle
gaps in order to determine the final heartbeat cycle
data, are to:
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identify a heartbeat cycle gap based on deter-
mining that a heartbeat cycle, identified by the
initial heartbeat cycle data, has a period that sat-
isfies a threshold; and

modify, based on an estimated heartbeat cycle
period, the initial heartbeat cycle data in order
to correct the identified heartbeat cycle gap,
wherein a result of modifying the initial heartbeat
cycle data to correct the identified heartbeat cy-
cle gap is the final heartbeat cycle data.

15. A non-transitory computer-readable medium
storing instructions, the instructions comprising:
one or more instructions that, when executed by one
or more processors, cause the one or more proces-
sors to:

obtain raw heartbeat data associated with a plu-
rality of wavelength channels;

generate, based on a feature vector transforma-
tion, a plurality of feature vectors, each corre-
sponding to a respective one of the plurality of
wavelength channels;

identify a set of selected feature vectors, from
the plurality of feature vectors, based on a plu-
rality of squares of correlation coefficients, each
associated with a respective pair of the plurality
of feature vectors;

generate, using a principal component analysis,
an average feature vector of the set of selected
feature vectors;

determine initial heartbeat cycle data based on
the average feature vector; and

correct heartbeat cycle gaps in the initial heart-
beat cycle data in order to determine final heart-
beat cycle data to permit a biometric monitoring
action to be performed.

16. The non-transitory computer-readable medium
of clause 15, wherein the biometric monitoring action
is vital sign monitoring, and wherein the one or more
instructions, when executed by the one or more proc-
essors, further cause the one or more processors to:
provide the final heartbeat cycle data in association
with performing the vital sign monitoring.

17. The non-transitory computer-readable medium
of clause 16, wherein the vital sign monitoring in-
cludes instantaneous heart rate determination or
blood pressure determination.

18. The non-transitory computer-readable medium
of clause 15, wherein the plurality of feature vectors
is a plurality of moving quarter-period slopes feature
vectors.

19. The non-transitory computer-readable medium
of clause 15, wherein the one or more instructions,
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when executed by the one or more processors, fur-
ther cause the one or more processors to:

determine the plurality of squares of the corre-
lation coefficients for the plurality of feature vec-
tors;

identify a set of squares of the correlation coef-
ficients, of the plurality of squares of the corre-
lation coefficients, that satisfy a threshold; and
wherein the one or more instructions, that cause
the one or more processors to identify the set of
selected feature vectors, cause the one or more
processors to:

identify the set of selected feature vectors
based on the set of squares of the correla-
tion coefficients,

wherein each of the set of squares of the
correlation coefficients corresponds to a re-
spective pair of the set of selected feature
vectors.

20. The non-transitory computer-readable medium
of clause 15, wherein the one or more instructions,
that cause the one or more processors to correct the
heartbeat cycle gaps in order to determine the final
heartbeat cycle data, cause the one or more proc-
essors to:

identify a heartbeat cycle gap based on deter-
mining that a heartbeat cycle, identified by the
initial heartbeat cycle data, has a period that sat-
isfies a threshold; and

modify, based on an estimated heartbeat cycle
period, the initial heartbeat cycle data in order
to correct the identified heartbeat cycle gap,

wherein a result of modifying the initial heartbeat cy-
cle data to correct the identified heartbeat cycle gap
is the final heartbeat cycle data.

Claims

A method, comprising:

obtaining, by a device, raw heartbeat data as-
sociated with a plurality of wavelength channels;
generating, by the device and based on afeature
vector transformation, a plurality of feature vec-
tors, each corresponding to a respective one of
the plurality of wavelength channels;
identifying, by the device, a set of selected fea-
ture vectors, from the plurality of feature vectors,
based on a plurality of squares of correlation co-
efficients, each associated with a respective pair
of the plurality of feature vectors;

generating, by the device and using a principal

10

15

20

25

30

35

40

45

50

55

12

component analysis, an average feature vector
of the set of selected feature vectors;
determining, by the device, initial heartbeat cy-
cle data based on the average feature vector;
and

correcting, by the device, heartbeat cycle gaps
in the initial heartbeat cycle data in order to de-
termine final heartbeat cycle data to permit a
biometric monitoring action to be performed.

The method of claim 1, wherein the biometric mon-
itoring action is vital sign monitoring, and wherein
the method further comprises:

providing the final heartbeat cycle datain association
with performing the vital sign monitoring.

The method of claim 2, wherein the vital sign moni-
toring includes instantaneous heart rate determina-
tion or blood pressure determination.

The method of any of claims 1 to 3, wherein the plu-
rality of feature vectors is a plurality of moving quar-
ter-period slopes feature vectors.

The method of any of claims 1 to 4, further compris-
ing:

determining the plurality of squares of the cor-
relation coefficients for the plurality of feature
vectors;

identifying a set of squares of the correlation co-
efficients, of the plurality of squares of the cor-
relation coefficients, that satisfy a threshold; and
wherein identifying the set of selected feature
vectors comprises:

identifying the set of selected feature vectors
based on the set of squares of the correlation
coefficients,

wherein each of the set of squares of the corre-
lation coefficients corresponds to a respective
pair of the set of selected feature vectors.

The method of any of claims 1 to 5, wherein the av-
erage feature vector is generated based on a first
principal component associated with the principal
component analysis.

The method of any of claims 1 to 6, wherein correct-
ing the heartbeat cycle gaps in order to determine
the final heartbeat cycle data comprises:

identifying a heartbeat cycle gap based on de-
termining that a heartbeat cycle, identified by
the initial heartbeat cycle data, has a period that
satisfies a threshold; and

modifying, based on an estimated heartbeat cy-
cle period, the initial heartbeat cycle data in or-
der to correct the identified heartbeat cycle gap,
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wherein a result of modifying the initial heartbeat
cycle data to correct the identified heartbeat cy-
cle gap is the final heartbeat cycle data.

A device, comprising:

one or more memories; and
one or more processors, communicatively cou-
pled to the one or more memories, to:

obtain raw heartbeat data associated with
a plurality of wavelength channels;
generate, based on a feature vector trans-
formation, a plurality of feature vectors,
each corresponding to a respective one of
the plurality of wavelength channels;
identify a set of selected feature vectors,
from the plurality of feature vectors, based
on a plurality of squares of correlation coef-
ficients, each associated with a respective
pair of the plurality of feature vectors;
generate, using a principal componentanal-
ysis, an average feature vector of the set of
selected feature vectors;

determine initial heartbeat cycle data based
on the average feature vector; and

correct heartbeat cycle gaps in the initial
heartbeat cycle data in order to determine
final heartbeat cycle data to permit a bio-
metric monitoring action to be performed.

The device of claim 8, wherein the biometric moni-
toring action is vital sign monitoring, and wherein the
one or more processors are further to:

provide the final heartbeat cycle data in association
with performing the vital sign monitoring.

The device of claim 9, wherein the vital sign moni-
toring includes instantaneous heart rate determina-
tion or blood pressure determination.

The device of any of claims 8 to 10, wherein the
plurality of feature vectors is a plurality of moving
quarter-period slopes feature vectors.

The device of any of claims 8 to 11, wherein the one
or more processors are further to:

determine the plurality of squares of the corre-
lation coefficients for the plurality of feature vec-
tors;

identify a set of squares of the correlation coef-
ficients, of the plurality of squares of the corre-
lation coefficients, that satisfy a threshold; and
wherein the one or more processors, when iden-
tifying the set of selected feature vectors, are to:
identify the set of selected feature vectors based
on the set of squares of the correlation coeffi-
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cients,

wherein each of the set of squares of the corre-
lation coefficients corresponds to a respective
pair of the set of selected feature vectors.

13. The device of any of claims 8 to 12, wherein the

average feature vector is generated based on a first
principal component associated with the principal
component analysis.

14. The device of any of claims 8 to 13, wherein the one

or more processors, when correcting the heartbeat
cycle gaps in order to determine the final heartbeat
cycle data, are to:

identify a heartbeat cycle gap based on deter-
mining that a heartbeat cycle, identified by the
initial heartbeat cycle data, has a period that sat-
isfies a threshold; and

modify, based on an estimated heartbeat cycle
period, the initial heartbeat cycle data in order
to correct the identified heartbeat cycle gap,
wherein a result of modifying the initial heartbeat
cycle data to correct the identified heartbeat cy-
cle gap is the final heartbeat cycle data.

15. A program which, when executed by a computer,

causes the computer to carry out the method of any
of claims 1 to 7 or to function as the device of any of
claims 8 to 14.
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