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Field of the Disclosure

[0002] This relates to methods for operating photoplettogiam (PPG) sensors
and the corresponding devices. More particulahlg, disclosure relates to methods

and devices capable of detecting irregularities RPG signal.

Background of the Disclosure

[0003] Photoplethysmogram (PPG) sensors can be usedeorde¢

physiological information of a user. In a basimipa PPG device can employ one or
more light sources and one or more light detect@veen a PPG sensor unit is
positioned such that the light source(s) and tji# kiletector(s) are placed against or
in proximity to the skin of a user, the light soefs) can emit light to illuminate the
user’s skin. The light detector(s) can measut# ligcident on the light detectors to
be used to determine the amount of light from itdjet Isource(s) that reaches the
detector(s) (e.g., light that has transmitted ec##ld, and/or scattered and exited the
user’s tissue). The amount of light measured bylitht detectors (e.qg., in the form
of one or more signals) can vary based on the atraduight absorbed by the tissue
of the user. The device can monitor this absonpiiodetermine one or more
physiological parameters, such as a heart ratezladive change in the blood volume
in the body’s blood vessels can occur as partetdrdiac cycle (e.g., a repeated
sequence of events of during which the blood vessaitract and/or relax to pump

blood through the body). These relative changegnesult in changes in the amount



of light absorbed by the tissue of the user. Thekdive absorption changes may be
measured by the PPG sensor and analyzed to prmedsure(s) of one or more
aspects of the cardiac cycle. As an example, ag&P&or unit can measure the
timing and/or characteristics of individual heagtse The light detector(s) can
convert the measured light into an electrical digmicative of the intensity thereof.
For example, the electrical signal can be convearteda heart rate signal, which can
include the information associated with timing amd’haracteristics of the individual

heartbeats.

[0004] In some instances, one or more aspects of a useaisbeat (and/or a
pattern of heartbeats) may differ from what wowipi¢ally be expected of the user
under a given set of conditions. For example,athate when the user is at rest can
fall between 60 and 100 beats per minute, but factoch as stress or anxiety may
cause the user’s heart rate to exceed their typsting heart rate. In other instances,
certain conditions, including heart arrhythmiastsas atrial fibrillation, may cause
irregular heart rate patterns, such as an incrieabe variance in beat-to-beat timing
over time. When using a sensor to monitor a usar'diac patterns, it may be
desirable for the measured signal of heartbeatsflect irregular pulse rhythms, fast
heart rates, etc., when they may occur. Some égviowever, may not be able to
detect the irregularity in a signal, and other desimay not be able to distinguish
between irregularity due to the user’s physiolobémandition and noise (e.g., motion

artifacts).

Summary of the Disclosure

[0005] This disclosure relates to methods for measurimgyirdarities in a signal
(e.g., a heart rate signal) and the correspondnges. The devices can include a
PPG sensor unit configured to use a sampling proegi detect multiple
occurrences of a given event in the measured ¢g)raler a sampling interval. An
event may be an instance of the signal(s) satigfgime or more criteria. In some
instances, the device can register (e.g., stotdyrbe user, etc.) the occurrences of
the events. In some examples, the device candadue or more motion sensors
configured to detect whether the device is in atoation state. The device may
delay initiating subsequent measurements whendtieelis not in a low-motion state

to enhance measurement accuracy. Examples ofstlesure further include



resetting the sample procedure based on one orfant@s, such as the number of
non-qualifying measurements. In some examplesjehe&e can be configured to
perform multiple measurement types (e.g., primawy secondary measurements) as
part of a sampling procedure, where the primarysueanents can include readings
using a first set of operating conditions of th&sP$&nsor unit, and the secondary
measurements can use a different second set adtoeconditions of the PPG

Sensor unit.

Brief Description of the Drawings

[0006] FIGs. 1A-1C illustrate devices in which examplesha disclosure can be

implemented.

[0007] FIG. 2 illustrates a bottom view of an exemplamo#ionic device that
includes a light detector and light sources foedatning a physiological signal

according to examples of the disclosure.

[0008] FIG. 3A illustrates an exemplary process for détgcan instance of an

event using qualifying event occurrences accortbngxamples of the disclosure.

[0009] FIG. 3B illustrates an exemplary plot for detectipglifying event

occurrences according to examples of the disclosure

[0010] FIG. 3C illustrates an exemplary plot for regigtgran instance according

to examples of the disclosure.

[0011] FIG. 3D illustrates an exemplary plot for detectin@lifying event

occurrences within a window according to exampfab® disclosure.

[0012] FIG. 4A illustrates an exemplary process for détgcan instance of an

event using detected motion information accordmgxamples of the disclosure.

[0013] FIG. 4B illustrates an exemplary process for détgcin instance of an
event that involves resetting the sampling proceduren a low-motion state has not
been reached within a maximum waiting period adogrtb examples of the

disclosure.

[0014] FIG. 5A illustrates an exemplary process for détgcan instance of an
event using different types of event occurrencesiating to examples of the

disclosure.



[0015] FIG. 5B illustrates an exemplary plot for detectarmginstance of an event

using different types of event occurrences accgrtbrexamples of the disclosure.

[0016] FIG. 6A illustrates an exemplary process for détecan instance of an
event using primary and secondary measurementsdiegdo examples of the

disclosure.

[0017] FIG. 6B illustrates an exemplary escalation proce@gccording to

examples of the disclosure.

[0018] FIG. 7A illustrates an exemplary process for provgdeedback to a user

according to examples of the disclosure.

[0019] FIG. 7B illustrates an exemplary interface for pdiavg feedback to a user

according to examples of the disclosure.

[0020] FIG. 8 illustrates an exemplary block diagram ebaputing device

comprising a PPG sensor unit according to exangdldse disclosure.

[0021] FIG. 9 illustrates an exemplary configuration inigtha device is

connected to a host according to examples of teadiure.

Detailed Description

[0022] In the following description of examples, refereicenade to the
accompanying drawings in which it is shown by wéaylostration specific examples
that can be practiced. Itis to be understooddtiar examples can be used and
structural changes can be made without departorg the scope of the various

examples.

[0023] Various techniques and process flow steps willéscdbed in detail with
reference to examples as illustrated in the accogipg drawings. In the following
description, numerous specific details are sehfwriorder to provide a thorough
understanding of one or more aspects and/or fesatlescribed or referenced herein.

It will be apparent, however, to one skilled in Hrg that one or more aspects and/or
features described or referenced herein may beigedonithout some or all of these
specific details. In other instances, well-knowaqgess steps and/or structures have
not been described in detail in order to not obssmme of the aspects and/or features

described or referenced herein.



[0024] Further, although process steps or method stepbecdescribed in a
sequential order, such processes and methods ganfgured to work in any
suitable order. In other words, any sequence derasf steps that can be described in
the disclosure does not, in and of itself, indiGtequirement that the steps be
performed in that order. Further, some steps negydrformed simultaneously
despite being described or implied as occurringsionultaneously (e.g., because one
step is described after the other step). Moredkerillustration of a process by its
depiction in a drawing does not imply that thesthated process is exclusive of other
variations and modification thereto, does not intplgt the illustrated process or any
of its steps are necessary to one or more of tampbes, and does not imply that the

illustrated process is preferred.

[0025] This disclosure relates to devices and methodglémtifying instances of
events during which one or more predetermined clwigtics or patterns occur in a
physiological signal. Specifically, it may be desie to identify instances of certain
irregularities in a physiological signal. For exae) when a physiological signal,
such as a PPG signal or an electrocardiograhy (B&@al, measures one or more
aspects of a cardiac cycle over time, it may b&aele to look for one or more
predetermined characteristics of a waveform ofatheat and/or a pattern of
heartbeats, which may be representative of correpg characteristics present in
the cardiac cycle. A physiological signal (e.gaft rate signal) can be indicative of
one or more physiological parameters (e.g., heset heart rate variability, etc.) of a
user. In practice, however, sensors configureddaitor these physiological signals
may be susceptible to motion or other noise soutepsnding on the device and the
mode of operation, which may reduce the accuraty which the measured signal
represents a user’s actual cardiac cycle. Theyebmavays of improving the quality
of a measured signal (e.g., by increasing the aupensity of a light source of a
PPG sensor), but often times these changes may abameincreased power cost. In
battery-powered devices, increasing the power tsebitain a physiological signal

may reduce power available to the device for oftugposes.

[0026] The examples described here mainly discuss thefus®PG signal
measured by a PPG sensor to look for one or mgextsof a heart rate signal, but it
should be appreciated that the methods discussedey be used to look for one or

more predetermined characteristics in any suitpbiesiological signal, such as, for



example an ECG signal, impedance cardiography (KIgsal, a ballistocardiography
(BCG) signal, an electromyography (EMG) signaliter like. In these instances, the
device may include one or more sensor units cordijto detect some or all of the

above physiological systems.

[0027] As discussed above, a PPG sensor can be useatmaet one or more
physiological information of a user. In a basimipa PPG sensor unit can employ
one or more light sources and one or more ligreatets. When a PPG sensor unit is
positioned such that the light source(s) and tijiet liletector(s) are placed against or
in proximity to the user’s skin, the light sourge¢an emit light to illuminate the
user’s skin. The light detector(s) can receive measure light incident on the light
detectors and be used to determine the amourghidffiom the light source(s) that
reaches the detector(s) (e.qg., light that has mnéted, reflected, and/or scattered and
exited the user’s tissue). The amount of light soead by the light detectors (e.g., in
the form of one or more signals) can vary basetheramount of light absorbed by
the user’s tissue. The device can monitor thisidt®n to calculate one or more
physiological information, such as a heart raterelative change in the blood volume
in the body’s blood vessels can occur as partettrdiac cycle, and these relative
changes may result in changes in the amount dof éilghorbed by the tissue of the
user. These relative changes may be measure@d BR6G sensor to look at one or
more aspects of the cardiac cycle. As an exara@®G sensor unit can measure the
timing and/or characteristics of individual headtseto provide a measure, such as
heart rate. The light detector(s) can converntlieasured light into an electrical
signal indicative of the intensity, and the elewlisignal can be converted into a PPG

heart rate signal.

[0028] When a sensor such as a PPG sensor measuresat cagdal, the
systems and methods described here may identifyegister instances where one or
more aspects of the measured signal meets onererpredetermined criteria. For
example, the signal may be analyzed to determhesaé rate, and the systems and
methods may be configured to identify instancesre/laeheart rate exceeds a heart
rate threshold value. In other instances, theasigray be analyzed to look at one or
more parameters relating to the beat-to-beat tirofrayseries of heartbeats. For
example, the systems and methods described her@eraify instances where a

measure of the variance of inter-beat intervalsféas one or more variance criteria.



Identifying instances of irregular inter-beat iv&s may be reflective of one or more

conditions underlying user conditions.

[0029] This disclosure relates to methods for measurmagirarities or other
predetermined characteristics in one or more sifEad., a physiological signal such
as a heart rate signal) and the corresponding elevi€he device can include a PPG
sensor unit configured to utilize a sampling prasedo detect multiple occurrences
of a given event in the measured signal(s) ovemnapéing interval. An event may be
an instance of the signal(s) satisfying one or nooiteria. In some instances, the
device can register (e.g., store, notify the ustr) an instance comprising multiple
occurrences of an event (along with informationuthidividual occurrences of the
event) when the number of occurrences satisfiegxanrrence threshold. In some
examples, the device can include one or more additisensors (e.g., motion sensors
such as an accelerometer and/or a gyroscope), wiagibe used to provide
additional signals. The signals may be utilizethi; sampling procedure to aid in
controlling the timing and/or analysis of collectgnals. As an example, one or
more motion sensors may be used to detect whedethiee is in a low-motion state
(i.e., a state when the measured motion informataes not meet one or more motion
thresholds), and the device may delay initiatingsueements when the device is not
in a low-motion state to enhance measurement acguila some variations, in
addition to analyzing signal(s) from the PPG sensioe or more additional signals
(e.g., from a motion sensor) must also be analgr@deet one or more corresponding
criteria for the device to determine that an ocence of an event has been measured.
Examples of the disclosure further include resgttire sample procedure based on

one or more factors such as the number of non{giraimeasurements.

[0030] Representative applications of methods and apeaaitording to the
present disclosure are described in this secfidrese examples are being provided
solely to add context and aid in the understandirthe described examples. It will
thus be apparent to one skilled in the art thatidseribed examples may be practiced
without some or all of the specific details. Ihetinstances, well-known process
steps have been described in detail in order t@awmecessarily obscuring the
described examples. Other applications are passhbth that the following

examples should not be taken as limiting.



[0031] FIGs. 1A-1C illustrate devices in which exampleshaf disclosure can be
implemented. FIG. 1A illustrates an exemplary n®telephone 136 that can include
a touch screen 124. FIG. 1B illustrates an exempiedia player 140 that can
include a touch screen 126. FIG. 1C illustratesx@mplary wearable device 144
that can include a touch screen 128 and can behatido a user using a strap 146.
The devices of FIGs. 1A-1C can utilize the deviaed methods for operating the

PPG sensor unit as disclosed.

[0032] FIG. 2 illustrates a bottom view of an exemplamcéionic device

including a light detector and light sources fotedmining a physiological signal
according to examples of the disclosure. Devid@@h include a sensor unit 204
and a band 202, which may be used to couple @tgch) the sensor unit 204 to a
portion of a user (e.g., a user’s wrist, hand, deg, or the like). The sensor unit 204
can include one or more light sources (e.g., lsghirce 208 and light source 210) and
one or more detectors (e.g., light detector 206 tiled on a surface of device 200.
Device 200 and/or sensor unit 204 can be situatel that light sources 208 and 210
and light detector 206 are proximate to the usskils. For example, device 200 can

be held in a user’s hand or strapped to a user&,vamong other possibilities.

[0033] Light source 208 and light source 210 can emittlighhe emitted light

can be incident on the user’s skin and can reflack to be detected by light detector
206. A portion of the emitted light can be absdrbg the user’s skin, vasculature,
and/or blood, and a portion of the emitted light ba returned back to light detector
206. The sensor unit 204 may act as a PPG sarsbthe light measured by the light
detector 206 over time may be used to create adRif@al. The PPG signal may be
monitored and analyzed to identify incidences ofase signal characteristics as
discussed above. In some examples, the light eswan be configured to emit
different wavelengths (or wavelength ranges) ditligFor example, light source 208
can be configured to emit light at a green wavelerand light source 210 can be

configured to emit at an infrared wavelength.

[0034] When different light sources emit light at diffetevavelengths, the sensor
unit may comprise one or more light detector eleéseapable of detecting light at
multiple of the different wavelengths (in which eaamissions from the different light
sources can be time multiplexed). Additionallyatiernatively, one or more light

detector elements tuned (e.g., using one or miteesj to measure light at a subset of



the different wavelengths (e.g., the sensor unit czanprise at least one light
detector element tuned to measure green lightadtunfrared light, and at least one
light detector tuned to measure infrared light, tttgreen light). It should be
appreciated that sensor units may include any nuwftght sources and light
detectors, and these elements may have any suitdhtere positioning in the device.
Additionally, while examples are described heretdiing first and second
wavelengths comprising green and infrared wavelengtspectively, it should be
appreciated that the sensor unit may utilize amgisie wavelengths for the first,
second, and any additional wavelengths, such er@d, green, red, amber, and blue

light, among other possibilities.

[0035] When a sensor unit 204 is configured to emit andsuee light at multiple
wavelengths, the sensor unit may take measuremeimg different wavelengths
under certain circumstances. Sensing with diffenevelengths may have different
tradeoffs, such as a tradeoff between accuracyawer consumption. For example,
some sensor units sensing with a first wavelengh (an infrared wavelength) may
consume less power than sensing with a second araytél (e.g., a green
wavelength), but may be more sensitive to certaisensources such as user motion.
In these instances, it may be desirable to lin@tuke of the second wavelength to

times when increased accuracy is desired.

[0036] In one such example, the sensor unit 204 may biggewed to sense using
the first wavelength at regular sampling periodscmtinuously) when the device is
being worn by a user. In general, during a giveem@ing period or during
continuous sensing, the sensor unit can sampighadetector at regular intervals,
e.g., 5-20 Hz. In some variations, at one or niuervals, the sensor unit may take at
least two samples. At least one sample can ba takde the sensor unit is emitting
light, and at least one sample can be taken windesénsor unit is not emitting light
(e.g., which may provide an indication of the amaframbient light present). The
sensor unit 204 may use some or all of these me@&nts to provide one or more
measurements relating to the cardiac cycle (eeguthiate) and may further be used
for on-body/off-body detection when used in a bedyn (e.g., a wrist-worn) device.
In these instances, the operation of the devicebeaadjusted based on whether the
device determines the device to be on-body or offyb When the device makes an

off-body determination, one or more functions @ ttevice may be disabled for



power saving, security, or other purposes. Wherfitet wavelength is a wavelength
outside of the visible spectrum, such as an inffravavelength, this sensing may have

the further advantage of not being readily pertégtio a user.

[0037] When sensing using a first wavelength (such asfaared wavelength) is
already being utilized for on-body/off-body detecti these signals can be monitored
to provide one or more measurements of the caayiele at a minimal additional
power cost. Conversely, sensing using a seconeélemagth (such as a green
wavelength) may be reserved for certain usesonmesinstances, sensing with the
second wavelength is done during a regular sampkmgpd that occurs less
frequently than a regular (or continuous) sampfirgod using the first wavelength.
In other instances, sampling at the second frequeray occur in conjunction with
one or more additional device functions. For exi@mihe device may operate in a
mode that tracks a workout (e.g., a session ofipalyactivity or exercise), and the
sensor unit 204 may sense using the second waveldngng at least a portion of the
workout. By limiting the amount of sensing thators at the second wavelength, the
device may conserve power. Similarly, when thdas/use a sensor unit such as
sensor unit 204 to monitor a physiological systemay be desirable to balance the
increased accuracy of certain sensing modes watlpdhver cost that may be

associated with that sensing.

Event Tracking

[0038] When tracking events in a monitored signal as dised above, the device
can be configured to detect multiple occurrences gizen characteristic in the
measured signal(s) from one or more sensing uwés & given period of time (e.g.,
sampling interval). An event may be an instancthefsignal(s) satisfying one or
more criteria during the sampling interval. Foample, the signal may be used to
determine the timing and/or characteristics ofvidilial heartbeats. One or more
characteristics of the individual heartbeats oitthedoeat timing may be analyzed and
compared to one or more criteria, and the devicg magister the occurrence of an
event when the relevant criteria is met. As am®la, the device can be configured
to detect one or more irregular heartbeat patt@srdescribed in more detail above.
As such, at least one parameter of the signal coedga one or more corresponding

criteria can include, but is not limited to, onenoore aspects of the waveform of the
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user’s heartbeat, the user’s heart rate, the beagdt timing, etc. The criteria can
include, for example, a measured heart rate exegedcertain value (i.e., a criteria
threshold). The events can include a single oeocge and/or multiple occurrences

satisfying the criteria.

[0039] FIG. 3A illustrates an exemplary process 300 bycWla plurality of
gualifying event occurrences may be used to regteénstance of an event. At the
start of a sampling procedure, a sensor unit, asa PPG sensor unit, may determine
whether a segment of the measured signal quadiean event occurrence (step 301
of process 300), as referred herein as an “occcerdatermination.” In some
instances, making an occurrence determination agegpusing the PPG sensor unit
to take one or more primary measurements for oibgione or more signals (step
302 of process 300), analyzing the signal(s) (gig.a processor or controller) (step
304 of process 300), and determining whether theed(s) satisfy one or more criteria
to qualify as an occurrence (e.g., step 306 ofgge800). A primary measurement
can be a measurement taken under a first set oftopg conditions (e.g., using a

given wavelength, emission intensity, sampling,ratehe like).

[0040] If the signal does not qualify as an occurrence divice can wait an
amount of time before making a new occurrence detetion (e.g., at step 301) (step
308 of process 300). In these instances, at teesadditional primary
measurement(s) may be made (e.g., at step 302)gdine subsequent occurrence
determination. In some variations, the signal(glyezed (e.g., at step 304) may
include the one or more additional primary measemas well as one or more
measurements that were analyzed in a previous rerae determination step. In
other variations, the signal(s) analyzed at stepr8@y include only measurements
that were taken subsequent to the previous ocagréetermination. The amount of
time the device waits can be predetermined or easebbased on one or more factors
(e.g., the user’s health condition, the user’s atia@ristics, historical data, etc.). A
signal(s) may not qualify when the signal(s) doatsmeet one or more criteria and/or
there is insufficient information to determine winet the signal qualifies, for

example. It should also be appreciated that inesmistances the device may take one
or more primary measurements (or secondary measutsrnaving a different set of

operating conditions) between occurrence deteriinaie.g., at step 301), which
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may be used for other reasons (such as on-bodydaly-detection or workout

tracking), yet which are not used as part of amwetice determination

[0041] If the signal qualifies as an occurrence, the degen count the primary
measurement(s) (measured at step 302) as a gngligicurrence (step 310 of
process 300). The processor can determine whigtherumber of qualifying
occurrences meets (e.g., is greater than or eguaht or more occurrence thresholds
(step 312 of process 300), referred to herein“dweshold determination.” If the
number of qualifying occurrences does not meet,(&s.¢ess than) the occurrence
threshold(s), the device can wait (e.g., at stef) Béfore making a subsequent

determination of whether a measured signal(s) figslas an event occurrence.

[0042] If the number of qualifying occurrences meets tbeuorence threshold(s),
the processor can register an instance of the éstmt 314 of process 300). The
occurrence threshold(s) can be a predeterminest] fiumerical value or may be
based on one or more factors (discussed furthemelThe device can be
programmed to store various occurrence thresholdsespective predetermined
events. In some examples, one or more occurregteendinations of a qualifying
occurrence can be weighted, such that certainfgurgioccurrences may be given
greater weight than other qualifying occurrences, the occurrence threshold can be

adjusted accordingly.

[0043] As mentioned above, a qualifying occurrence malute signal segments
that meet one or more criteria (e.g., one or mepeets of the waveform of the user’s
heartbeat, the user’s heart rate, the beat-totimeiaig, etc.). FIG. 3B shows a plot
that illustrates one variation of detecting a dyalg occurrence according to
examples of the disclosure. In these variatiosggment of the PPG signal may be
analyzed (at step 304 of process 300) to providetmate readings. A determination
of a qualifying event (at step 306 of process 3088y occur when a heart rate reading
exceeds a criteria threshold 352. The plot of BB shows heart rate values at
different determination points (illustrated withiales) relative to the criteria threshold
352. For example, the criteria threshold 352 mayt 20 beats per minute (BPM),

which may be a programmable threshold value.

[0044] In some of these variations, the primary measurésmeay be taken (e.g.,

at step 302 of process 300) using at least onédiglrce emitting at infrared
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wavelengths to provide the PPG signal. The amalyisihe PPG signal may
optionally use one or more additional signals (drfgm a motion sensor such as an
accelerometer), which may in turn improve the aacyiof the determined heart rate
values. Additionally or alternatively, a signabfin a motion sensor must also satisfy
one or more criteria for the PPG signal to be atersid a qualifying event. This may
be useful in instances where it is desirable tatifieelevated heart rates while a user
is in a rest state (e.g., where the motion senses dot indicate activity or exercise

for which the criteria threshold heart rate woutdmally be expected).

[0045] Each heart rate determination may be comparecetoriteria threshold,
and determinations exceeding the threshold (eogitipe events 354A and 354B)
may be designated as qualifying occurrences. l8stiated in FIG. 3B, up until the
end of time T1, no signals qualified as the ocaweeof an event. At the eighth time
point, the sensing unit can detect that the useést rate met the criteria threshold

352 and can determine that the eighth signal qedlds a positive event 354A.

[0046] If the occurrence threshold is larger than two éeample, five
occurrences), the positive events 354A and 354B moayrigger a determination of
an instance of the event unless one or more addltoualifying events occur before
the sampling procedure is reset. For examplegtkarrence threshold may be five
occurrences. Upon detecting positive events 353A354B, the device may
determine that the count (e.g., two qualifying acences) may not meet the
occurrence threshold during an instance deternoimatAs illustrated in FIG. 3C,

with the occurrence of positive event 354A, positevent 354B, positive event 354C,

positive event 354D, and positive event 354E, #éngak can register instance 355.

[0047] The occurrence threshold(s) can be a predetermiiixed, numerical value
or may be based on one or more factors (discussttef below). The device can be
programmed to store various occurrence thresholdsespective predetermined
events. In some examples, at least one primargunement that qualifies as an
occurrence can be weighted, such that certain oaocgs may be given greater
weight than other occurrences, and the occurrdmwestiold can be adjusted
accordingly. As an example, in the variation dgsmd above with respect to FIGs.
3B and 3C, the weight of a qualifying occurrenceyiiba doubled if a measured heart
rate exceeds 150 BPM. In such an example, theyebmanultiple ways for an

instance determination to be registered as annostaf the event (e.g., five
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measurements between 120 and 150 BPM or two measnte above 150 BPM and

a third measurement above 120 BPM).

[0048] In some examples, an instance may be registerexl lmesa certain
number of positive events occurring within a predeined amount of time. FIG.

3D, which shows a plot similar to those of FIGs.&&l 3C, illustrates one such
example where the occurrence threshold may b® sktde events that occur within a
predetermined window. Positive event 354A maygeigthe beginning of window
358A. As shown in the figure, since the numbeewdnts within window 358A does
not meet the occurrence threshold, an instanceiassd with window 358A may not
be registered. Positive event 354B may triggebginning of a second window
358B. Since the number of positive events (e@gitiye event 354B, positive event
354C, and positive event 354D) within window 358Bats the occurrence threshold,
instance 355 can be registered. The length oivthdow may be based on similar
factors as the occurrence threshold (discussedavpalad/or may be a predetermined
time period. In some examples, the length of threlew may be fixed, while the

occurrence threshold may be adjusted (e.g., dyrainiaried by the processor).

[0049] In another example of a sampling procedure, a segoie PPG signal
may be analyzed (at step 304 of process 300) tade@ measure of the regularity of
the beat-to-beat timing of the PPG signal. In¢hemiations, the one or more criteria
for a qualifying occurrence may be based on a iceleael of irregularity in the beat-
to-beat timing. In some variations where the PE@er unit is capable of emitting
and measuring light at both infrared and green Veaxgghs, it may be desirable for
the primary measurements to be taken (e.g., aB82f process 300) using at least
one light source emitting at a green wavelengthmawide the PPG signal. In some
of these variations, waiting an amount of times268 of process 300) between
subsequent occurrence determinations may inclwegtang period during which no
primary measurements are taken. One or more sagormeasurements (such as one
or more measurements taken using an infrared wagtlemay be taken during the
waiting period (e.g., for on-body/off-body detectior heart rate detection), but these
measurements may not be analyzed as part of tsermgreampling procedure. The
device, however, may use an off-body determinatiarone or more secondary

measurements to cancel a given sampling procedseavith the earlier examples,
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the device may register an instance of an evennle number of qualifying events

meets (or exceeds) a corresponding occurrencehthices

[0050] When the device registers an instance, the devigetake one or more
actions. In some instances, the device may cegatestore a flag or other record that
the event has transpired. Additionally or alteirredy, the device may further store
information associated with the event. Exampleisfafrmation that may be stored
with the event include, but are not limited to, time of the event, the associated
measured signal(s), one or more metrics of thecétsal measured signal,
information from one or more motion sensors, infation about the device location
(e.g., GPS data, altitude data, etc.), and usdgemation (e.g., whether content was
being displayed on the screen). Information magtbeed regarding the individual
qualifying occurrences, as well as one or more nreasents that may have occurred
between qualifying occurrences. In some instartbesgevice may notify (e.g., via a
haptic, visual, and/or auditory alert) the uset #rainstance has occurred and may
further provide information to the user about evehhie user may provide input (e.g.,
via touch input on the device’s touch-sensitivgldig) to indicate whether the cause
of the instance is known (e.g., the instance cpoeds to the user jumping up and
down suddenly) or unknown. If the cause of théainse is known, the device may
dismiss the instance. If the cause of the inst@aaknown, the device may execute
one or more subsequent steps, such as notifyingsreand/or transmitting
information to a host device (discussed below)e Tibst device may provide more

information to the user, for example.

Occurrence Threshold

[0051] As mentioned above, in some instances the devigewad for the

number of qualifying occurrences to meet (or exg@adoccurrence threshold before
determining that an event has transpired. Theroexce threshold can be based on
one or more factors. In some instances, the oeccerthreshold may be at least
partially based on one or more characteristichefuser. For example, in some
variations, the occurrence threshold may be baiskedst in part on a user’'s age. In
some of these instances, the occurrence threstaldietrease as a user’s age
increases. That is, the occurrence threshold eanvalue that can be programmable

by the user and/or automatically determined (anadjusted) based on one or more
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factors (e.g., the user’s condition, historical swwament information, etc.). As an
example, the occurrence threshold for a given omar be five when the user is
younger than a certain age and can change to foein whe user reaches that certain
age. Other information provided by the user, sagimedical condition information
and medication information, could also be useckitirgy the occurrence threshold for
a given user. The occurrence threshold may vargifterent users.

[0052] The occurrence threshold may depend on the timfitigeoqualifying
occurrences. In some instances, the device mgyconint qualifying occurrences
that occurred within a given interval of time. #&s example, the device may set an
occurrence threshold for qualifying events thatuoeed over a span of three hours.
For example, five qualifying events within a thieadr period may warrant
registering (e.g., notifying the user) the evertiereas five qualifying events within a
ten-hour period may be too infrequent. As ano#ixample, the device may set an
occurrence threshold for qualifying events based oartain time of the day. For
example, an elevated heart rate may warrant regigttne event if the elevated heart

rate is detected during night hours when the sskkely sleeping.

[0053] Additionally or alternatively, the device may takéo account the average
time between qualifying events. For example, thaak may use a first occurrence
threshold when the average time between adjaceifyjuog occurrences is at or
below a first level and may use a different, secocclrrence threshold when the
average time is above the first level. In somthese instances, the device may

require a fewer number of qualifying events if tleegur closer together.

Motion

[0054] In some instances, the device may be configureadataitor and/or
characterize device motion. For example, the @emay comprise a motion sensor
(e.g., an accelerometer) that may be used to nedswice motion. In some
instances, information about the motion may be tsdelp process and/or analyze
the signal (e.g., in step 304 illustrated in FIB).3

[0055] Additionally or alternatively, the device may, ionse instances, delay
performing a measurement based on motion informatkor example, the device
may wait for the device to be in a low-motion staterder to prevent (or minimize)

noise affecting the measurement. FIG. 4A illussan exemplary process for
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detecting motion information according to examméthe disclosure. The devices
described here may utilize motion information téedimine the timing of one or more
primary measurements and/or to determine whetbagral segment qualifies as a
qualifying occurrence according to examples ofdiselosure. Steps 401, 402, 404,
406, 408, 410, 412, and 414 can be similar to spmadingly labeled elements from
FIG. 3, except that, after waiting at step 408,dbeice can measure motion
information (step 416 of process 400). From théienanformation, the device can
determine whether the device is in a low-motionesfae., a state when the measured
motion information does not meet one or more matiwasholds) (step 418 of
process 400). If the device is in a low-motiortestéhe device may proceed to a
subsequent occurrence determination. In instanbese there is a waiting period
between primary measurements during step 408 eheamay proceed with one or
more primary measurements at step 402 when it tdedidlow-motion state. If the
device is not in a low-motion state, the device maiyt further (e.g., either until the
device is in a low-motion or other criteria is meet,described below) before initiating
a subsequent occurrence determination. Use obmatformation may be helpful in
promoting the timing of measurements when a useeiisg relatively still, which

may assist with the reliability and accuracy of theasurements. For example, the
device may not register the instance unless thehasebeen relatively still for 10

minutes.

[0056] Although FIG. 4 illustrates steps 416 and 418 asioing after step 408,
examples of the disclosure can include steps 4d@l&8 as occurring at any time,
including, but not limited to, at the same timestepp 408 and/or before step 402.
Examples of the disclosure can further includerimfgting and/or abandoning one or

more steps if a non-low-motion state is detectetlevthe step is being executed.

[0057] In some examples, the device can characterize thi@mbased on a level
of activity. For example, the user’'s motion stzdi@ be characterized as low-motion
state, moderate-motion state, and high-motion .stalt® moderate-motion state can
be the user walking, for example. When the degi&tects a moderate-motion state,
the device can proceed with the disclosed exampigsnay set one or more criteria,
thresholds, wait times, or a combination thereaflobon the detected motion. The

high-motion state can be the user running, for ggtamWhen the device detects the
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high-motion state, the device can wait until therugturns to a moderate-motion

state or a low-motion state before proceeding Wighdetection mechanisms.

[0058] In some examples, the sampling procedure canwésst a low-motion
state has not been reached within a maximum wap@nmpd, as illustrated in the
exemplary process of FIG. 4B. The device can aaiinimum waiting period (step
426 of process 450). The device can determinehgndie duration since the last
occurrence determination (from step 401 of prod&€y or last primary measurement
402 associated with that occurrence determinasidesis than the maximum waiting
period (step 428 of process 450). If the timeesithe last occurrence determination
or last primary measurement 402 associated withaiturrence determination is less
than the maximum waiting period, the device cansusaand determine if the device
is in a low-motion state (steps 416 and 418 of @sect50). If the device does not
reach the low-motion state by the time the maximeating period has been reached,

the sampling procedure can reset (step 424 of psot80).

[0059] When the sampling procedure resets at step 424etfiee may reset the
number of qualifying and/or non-qualifying occurces. In some instances, the
device may wait at least a reset period beforengiiag an occurrence determination
(or a subsequent primary measurement thereof§onme instances, the duration of
the reset period may depend on one or more condisach as battery level and time
of day (e.g., a larger reset period may be usttibattery level is below a certain
amount at a given time of day). Additionally oreahatively, the reset period may be
adjusted to provide an average rate of occurreatarminations (such as step 401 of
process 400). For example, the reset period magjusted to provide an average
rate less than or equal to one occurrence detetioinger hour (which may in turn
depend on factors such as battery life). If, fcaraple, the device measures,
analyzes, and makes four occurrence determinatiegisthe course of a certain time
period (e.g., an hour) before the reset is initiatee device may wait an additional
amount of time (e.g., three hours) before attengpdimother

measurement/determination.

[0060] The device may initiate a new occurrence deterntinand a
corresponding new round of primary measuremengs #fe reset period has elapsed.
In some instances, the device may look for one arenmitiation criteria at, for

example, step 426 to be met before initiating tew nound of primary measurements.
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For example, in some instances the device maiaif new round of primary
measurements if the device enters a low-motioe gtehich may have the same or
different criteria as the low-motion determinatiarsteps 416 and 418). Additionally
or alternatively, the device may be configureded@rm secondary measurements
and initiate a primary measurement when the secgndaasurements meet one or
more criteria (which may be selected to indicatd thprimary measurement would
likely capture a qualify occurrence). In someamsies, the device may not initiate a
new occurrence determination or primary measuremhenéof until one or more
initiation criteria are satisfied. In other instas, the device may wait an additional
period of time and at that point initiate a newurcence determination or primary

measurement regardless of whether the initiatidar@a were met.

Inter-Reading Waiting Time

[0061] As discussed above, the device may wait at leashazero period of time
before performing a subsequent occurrence detetimmée.g., at step 308 illustrated
in FIG. 3A or step 408 illustrated in FIG. 4A). rrexample, the device can wait after
a given signal segment that does not qualify ascanrrence or when the number of
qualifying occurrences does not meet the occurrémeshold(s). Examples of the
disclosure can include the waiting period compgsamon-zero minimum waiting
period (i.e., the device may not attempt a subsgquerurrence determination during
the minimum waiting period). Additionally or alteatively, other factors (e.g., device
motion as discussed above) may further delay tiiation of the subsequent
occurrence determination. The minimum waiting @erinay optionally depend on
whether the previous analyzed signal segment d@ghlfs an occurrence. For
example, the device may utilize a first waitingipdnf the previous signal segment
qualified as an occurrence during the previous weoge determination and may use
a second waiting period if the previous signal sexgindid not qualify as an
occurrence during the previous occurrence detetiomaln some examples, the
second waiting period can be shorter than thewiesting period. Additionally or
alternatively, the waiting period may depend on lobege the occurrence count may
be to the occurrence threshold. For example, ¢lvecd may utilize a first waiting
period if the occurrence count is greater tharepral to) 90% of the occurrence
threshold and may use a second shorter waitinggé&rthe occurrence count is less

than 90% of the occurrence threshold.
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[0062] In some instances, one or more conditions may ddessampling
procedure to reset (e.g., the number of qualifgiogurrences is returned to zero, the
occurrence threshold is returned to a default vadte). In these instances, the
device may wait at least a reset period beforaitexiing a new occurrence
determination. In some examples, the sample ptoeeday reset when a certain
(e.g., predetermined threshold) number of occugateterminations do not identify
qualifying occurrences. This may include resettirigen a first threshold number of
successive occurrence determinations do not igequi&lifying occurrences and/or a
second threshold number of occurrence determirafiwhich do not need to be
successive during the sampling procedure). In sexaenples that include the first
and second threshold number, the second threshaltder may be larger than the
first threshold number (e.g., two successive oenae determinations that do not
identify a qualifying occurrence may cause a ragetthree occurrence
determinations spread across a sampling procedayecause a reset). Additionally
or alternatively, in instances where one or mowitamhal conditions (e.g., a low-
motion state as discussed above) may be requirggbféorming a subsequent
occurrence determination, a maximum (i.e., grethi@m a predetermined threshold)

waiting interval between occurrence determinatimay cause a reset.

Confidence Value

[0063] In some instances, counting a qualifying eventlmabased on a
confidence value. For example, the confidenceevan be used to predict, based on
gross motion history within the immediately precepiime period (e.g., 2-4 minutes)
or other information, the accuracy of a given ocenice determination. As an
example, in high-motion settings the heart ratemeined during analysis of the PPG
signal is less likely to be accurate (i.e., thesg/ne a deviation between the
calculated heart rate and the actual heart ratteeafiser), and in these instances an
identification of a qualifying occurrence may beddikely to accurately represent a
corresponding occurrence happening in the useriamacycle. Thus, a confidence
value may be used as a representation of the acafdhe signal measurements as

well as the accuracy of a given occurrence deteatioin.

[0064] A higher confidence value can indicate that an oetice determination is

more likely to be accurate than an occurrence aétation having a lower
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confidence value. In some examples, a calculatafldence value must meet a
threshold level in addition to the analyzed sigsal$sfying respective criteria
thresholds in order for a signal segment to be tamlias a positive qualifying
occurrence. The persistence of positive evengs, @etermined by comparing the
count of qualifying events relative to the occuoethreshold) can indicate an
irregularity (e.g., a fast heart rate) that mayimmestifying the user and/or registering
the instance. In some examples, the individualimeoice determinations may be
weighted based on their respective confidence sadueing an instance
determination. For example, weighting may occwhsihat fewer qualifying
occurrences are registered as an instance whewotifidence values are higher, and

vice versa.

Types of Events

[0065] Examples of the disclosure can include categoriatwurrences based on
the type of event. Typically, an occurrence detsation includes finding that the
analyzed signal(s) is either qualifying (i.e., Hralyzed signal(s) satisfies the
predetermined criteria) or non-qualifying (i.e.e tsignal(s) does not satisfy the
predetermined criteria, or the device is unable#dke a determination). Typically, a
qualifying event can be a positive event occurrengE@ositive event can be an
instance of a signal satisfying one or more firgeda over a sampling interval. Non-
gualifying events may include one or more negativents. In some instance, a
negative event may be an event in which the omease first criteria of the positive
event occurrence are not met. In other instarzcasgative event must also satisfy
one or more second criteria over the samplingwalerin these examples, negative
events make up for only a subset of non-qualifgagnts. A first occurrence
threshold can be associated with positive eventsaasecond occurrence threshold

can be associated with negative events.

[0066] FIG. 5A illustrates an exemplary process includietecting different
types of events according to examples of the discn Steps 501, 502, 504, 506,
508, 510, 512, 514, and 522 are similar to cornedply labeled elements of FIGs.
3A-4A, except as described below. The device eartrwhen a certain number of
negative events have occurred. The device cananaititiation period before

making an occurrence determination (e.g., at sidp.5During an occurrence
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determination at step 501, a processor may an#hgzsignal segment(s) to determine
whether the signal segment(s) qualifies as eitligstatype of occurrence or a second
type of occurrence. In some examples, the indtiagieriod can differ depending on
whether a sample procedure reset is due to theel@aowering up (e.g., from a sleep

or off state) or due to one or more conditions guoing the reset (e.g., at step 522).

[0067] When a measured signal (e.g., at step 502) doeguatify as a first type
of occurrence (e.g., an occurrence of a positiwnteas determined in steps 504 and
506), the device may determine whether the signalifies as an occurrence of a
second type of occurrence (e.g., an occurrencenohequalifying event as
determined in step 516 of process 500). In ingsam¢here a negative event
represents a subset of non-qualifying events, erahéation of the occurrence of the
second type of occurrence may be limited to negatixents. Accordingly, the device
can count the number of qualifying positive everttusrences as a first type of
occurrence and can count the number of non-quadjffor negative qualifying
events) that qualify as a second type of occurréace, negative event 556A
illustrated in FIG. 5B) (step 518 of process 500).

[0068] FIG. 5B shows an example of a sampling procedutiéed in FIG. 5A.

In these examples, one or more PPG signals magdigzad to obtain a heart rate
value (such as in the examples describe aboveresiect to FIGs. 3A-3D). In some
of these examples, the first type of occurrence azayir when the measured heart
rate value meets or exceeds a first criteria tholes{e.g., criteria threshold 552), and
a second type of occurrence may occur when theurehbeart rate value does not
reach a second criteria threshold. For exampldluagrated in FIG. 5B, criteria
threshold 552 may act as the first criteria thrédlod the second criteria threshold,
such that measurements above the criteria thre§2@anay be determined to be
positive events (positive events 554A, 554B, antl®5while measurements below
criteria threshold 552 may be determined to be timgavents. While the example in
FIG. 5B shows that measurements equal to the ieritereshold are not considered
positive or negative events (e.g., they may beidensd non-qualifying events that
do not contribute toward the second occurrencestimid), it should also be
appreciated that, in other instances, these measuate may be considered either
positive or negative events depending on the chafit®undary conditions for the
criteria threshold 552.
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[0069] Returning to FIG. 5A, if the number of qualifyinigst occurrences does
not meet (e.g., is less than) the first occurrehoeshold(s), the device can wait (e.qg.,
at step 508) before making a subsequent occurdateemination (e.g., at step 501 of
process 500). Similarly, if the number of qualiyisecond occurrences does not
meet the second occurrence threshold(s), the gocean wait (e.g., at step 508)
before making a subsequent occurrence determinatighe number of qualifying
second occurrences meets (or exceeds) the secondeace threshold(s) (e.g., as
determined at step 520 of process 500), the proceas execute a reset procedure
(described below) (step 522 of process 500). mesexamples, the second

occurrence threshold may be lower than the firstoence threshold.

[0070] For example, the first occurrence threshold caadseciated with positive
events and may be set to five occurrences of pesitvents. The second occurrence
threshold can be associated with negative eveitsray be set to three occurrences
of negative events. As illustrated in FIG. 5B, si@@ments of the user’s heart rate
can lead to several qualifying occurrences in tieving order: positive event

554A, positive event 554B, negative event 556A atieg event 556B, positive event
554C, and negative event 556C. At th& ifieasurement, where negative event 556C
is identified, the device may determine that thenber of negative events meets the
second occurrence threshold. Although three measmts qualified as positive
events, the device may proceed with the reset duvedn step 522 due to the
occurrence of a certain number of negative evehie occurrence of a certain
number of negative events may be an indicationttietetected elevated heart rates
may be due to another source (e.g., noise) otherttie user’s heart rate or may be

due to a rapidly fluctuating heart rate.

[0071] In some examples, the device may look for diffetgpés of positive or
negative events include multiple criteria thresBol&or example, a first type of
negative event may use a first criteria threshéf@, and a second type of negative
event may use second criteria threshold 553. @ecoes of the first type of negative
event may be weighted differently than occurrerafeébe second type of negative
event, such that fewer negative events below @itareshold 553 may lead to the
reset procedure in step 522 than negative evehigebg criteria threshold 552 and
criteria threshold 553 (e.g., by weighting the rizgaevents and/or by having

multiple negative occurrence thresholds). This imayseful in distinguishing
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between instances where a series of measuredraaor other parameter) may be
generally consistent, but may fall on differentesiebf a threshold and instances where

a series of measured heart rates may fluctuate sigmdicantly.

Multiple Measurement Types

[0072] In some examples, the device can be configure@timpn both primary
and secondary measurements, where the primary ne@asuots can include readings
using a first set of operating conditions of th&sP$&nsor unit, and the secondary
measurements can use a different second set adtogeconditions of the PPG
sensor unit. For example, the primary measuremmeatsbe more accurate and/or
less sensitive to noise than the secondary measuatenbut may consume more
power. In these instances, the device may betalgerform frequent secondary
measurements, but may wish to restrict the numbieistances (e.g., less frequent) in
which the primary measurements are used to redhgcstitain on the batteries. The
device can determine the battery life and selewwtdxen primary or secondary
measurements based on the battery life. Thatesjévice can switch between
different operating conditions of the PPG sensat; wherein the operating mode

may be based on one or more factors such as béteery

[0073] As an example, the secondary measurements makdre taing a light
source having a different wavelength (or wavelemgtige) from that of the primary
measurement. For example, primary measurements (sing lower power infrared
light sources and emitters) may be taken be megéntly in conjunction with
on-body/off-body detection as discussed above. fifsteinstance or predetermined
number of instances (e.g., following a reset ofshmple procedure) of a potential
event can be detected utilizing primary measurespéiné device can switch over or
activate one or more components for measuring ¢lagt mate using secondary
measurements (e.g., using higher accuracy lightsswand emitters operating in the
green wavelengths, or with a different sensing suith as those described in more
detail above). In some instances, the primary mreasents may be active between
occurrence determinations made using the secomg@agurements, and the

information from the primary measurements may lelder other analysis.

[0074] FIG. 6A illustrates an exemplary process using prirand secondary

measurements according to examples of the disédosbieps in FIG. 6A are similar
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to correspondingly labeled elements of FIGs. 3&Xgept as described below. At
step 601 of process 600, a determination can be msitb whether one or more
condition threshold has been satisfied for a sigagment obtained using a one or
more primary measurements. Specifically, the msoecan determine whether the
signal(s) from the primary measurement(s) meetsndition threshold (step 616 of
process 600). The condition threshold can be basedhether conditions warrant
use of the secondary measurements. For exampétingéehe condition threshold
can be associated with an increase in confidenlce essociated with analysis of a
signal(s) from the primary measurement. If theal¢s) from the primary
measurement(s) does not meet a condition thresti@dievice can wait (e.g., at step
608) before taking a subsequent primary measurgg)€ptg., at step 601). If the
signal(s) from the primary measurements(s) meetsondition threshold, the device
can perform one or more occurrence determinatiems, @t step 603). In these
variations, an occurrence determination may taleasmmore secondary
measurements to obtain one or more signals (si@p®process 600). A processor or
controller can analyze the signal(s) (step 605rof@ss 600) and can determine
whether at least one parameter of the signal(g) ftee secondary measurement(s)

gualifies as an occurrence of an event (step 620anfess 600).

[0075] If the signal(s) does not qualify as an occurretioe device can wait a
first amount of time before making a subsequentimetice determination (e.g., at
step 618) (step 626 of process 600). If the signalifies as an occurrence, the
device can count the secondary measurement(s) rfeegsured at step 618) as a
qualifying occurrence (step 622 of process 600)e processor can determine
whether the number of qualifying occurrences mémtexceeds) one or more
occurrence thresholds (step 624 of process 6@®he humber of qualifying
occurrences does not meet (e.g., is less thamcthwrence threshold(s), the device
can wait (e.g., at step 626) before taking a sub=sgsecondary measurement(s). If
the number of qualifying occurrences meets (or easgthe occurrence threshold(s),

the processor can register the instance (step sirboess 600).

[0076] After waiting a first amount of time before takingsubsequent secondary
measurement(s), the device can determine whetberand amount of time has
passed (step 628 of process 600). If a secondrambtime has passed, the device

can switch to performing one or more primary measwants (e.g., at step 602). In

25



some examples, step 628 may be based on the nafntyeries or number of
secondary measurements, instead of or in addiialetermining whether the second
amount of time has passed. In some examples,8agtthe device to perform one or
more secondary measurements may occur at peritéivals even if the signal(s)
from the primary measurement(s) does not meet ditom threshold (e.qg.,
determined at step 616).

[0077] As another example, the device can be configur¢aki® secondary
measurements during a non-low-motion state andwaétch to taking primary
measurements when a low-motion state is detectadc®versa. Additionally or
alternatively, different sampling rates (under casnneconditions) may be used for the
primary measurements relative to the secondary imneaents. In some examples,
the secondary measurements can include one oraperating parameters different
from the primary measurements while achieving #raesoperating conditions (e.g.,

results).

[0078] In some examples, the device can detect one or mmegailar rhythms in
the heart rate signal by using an escalation proeedAn escalation procedure can be
a targeted process whereby the primary measureraantgctivated in response to
certain criteria being met. FIG. 6B illustratesexx@mplary escalation procedure
according to examples of the disclosure. The @®6&0 can begin with monitoring
the user’s heart rate using the optical sensing(stap 654 of process 650). The
optical sensing unit can generate one or more hat@rsignals indicative of the user’s
heart rate. The optical sensing unit can checkéaeat rate signal at predetermined
intervals to determine whether the heart rate $igicdudes one or more irregular
rhythms (process 656 of process 650). If no in@gdnythm has been detected in the
heart rate signal, the optical sensing unit carticoa to monitor the user’s heart rate
(step 654 of process 650). Examples of the disotomiclude step 654 and step 656

included in step 652 as being optional steps.

[0079] If an irregular rhythm has been detected in thethrage signal, the
escalation procedure can be initiated by beginmiitiy step 658. In some instances,
the escalation procedure can be initiated basexdrar factors such as commands

received from the processor (e.g., generated freen imput).
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[0080] In step 658, an escalation measurement may berpexibfor a certain
amount of time. In some instances, the escalatieasurement can include using
different operating conditions from those usedt@p$54. In some examples, the
different operating conditions can include using on more optical components in
the sensing unit for step 658 that is differenbfrihhose used to monitor the heart rate
in step 654. For example, the escalation measuneca@ include using one or more
green light emitters (i.e., light emitter(s) configd to emit light in the green
wavelength range) and corresponding light detes}orThe heart rate signals
monitored in step 654 may include using one or ntfrared light emitters (i.e., light
emitter(s) configured to emit light in the infrare@velength range) and
corresponding light detector(s). In another examible escalation measurement in
step 658 can include operating the same light ersiind light detectors as in step

654 but with higher sampling frequency.

[0081] The light sensor(s) used for the escalation measmgs) can generate
one or more signals indicative of the user’s hestd during the escalation
measurement time period. The system can detemviie¢her an irregular rhythm in
the heart rate signal has been detected (stepfG@0aess 650). If an irregular
rhythm in the heart rate signal has been detetited,the device can increase (e.qg.,
increment) the number of positive determinatiolbe device can determine whether
a threshold number of positive determinations Hzen made (step 662 of process
650). A positive determination is a determinatioat a positive event, which
indicates that an irregular rhythm has indeed loegected, has occurred. If the
threshold number of positive determinations hasioed, then the device provides an
indication (e.g., an indication to the user ondigplay, a recording of the instance to
memory, a notification transmitted via wired or &&ss communication to another

device, etc.).

[0082] If the threshold number of positive determinatibas occurred, then the
device can register an instance (step 664 of psd@®e8). If the threshold number of
positive determinations has not occurred, therdéwce can wait a second time in
step 666 before proceeding to step 668. In st8pt6é device can determine
whether a third time has elapsed since the lasliasmn measurement. If not, then
the device can wait until a low-motion state hasrbdetected (step 674 of process

650). Once a low-motion state has been detediedjévice can repeat the escalation

27



measurement (step 658 of process 650). If a lowematate has been detected, the
device can wait an additional amount of time sitfigelast escalation measurement

(step 668) before proceeding.

[0083] If the third time has elapsed since the last esical measurement, the
device can set the first time based on the numbesaalation measurements during a
given time period (step 670 of process 650). Kangle, if the last escalation
measurement was performed more than an hour agdgtlice may reduce the first

time to avoid long time durations between measurgsne

[0084] In some examples, step 668 may be based on otf@ngters such as the
number of escalation measurements. For examplee ilumber of escalation
measurements the device performed (e.g., four@smalmeasurements) during the
last hour is greater than a threshold number ailaBon measurements (e.g., five
escalation measurements), the device may setrgtdifine accordingly (e.g., wait an
hour). In this manner, the device can conservegp@ansumption, for example. In
another example, if the number of escalation measents that device performed
(e.g., two escalation measurements) during thentast is less than the threshold
number of escalation measurements, the device etagiesfirst time accordingly
(e.g., wait 10 minutes). In this manner, the deviay increase the number of
escalation measurements to improve measurementaagcul he device can then

wait the first time in step 672 before proceeding@the optional step 652.

[0085] If, in step 660, an irregular rhythm in the heatersignal has not been
detected, the device can increase (e.g., increrttentjumber of negative
determinations. The device can determine whethiereshold number of negative
determinations has occurred (step 676 of proce@f 65 negative determination is a
determination that a negative event, which indgdibat an irregular rhythm has not
been detected, has occurred. If the threshold pumfnegative determinations has
not occurred, then the device can wait a secondiatad time in step 666. If the
threshold number of negative determinations hasroed, then the device can
proceed to determine whether the third time hgsseld since the last escalation

measurement in step 668.
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Notifications

[0086] As mentioned above, when the device determinesathagdetermined
event has transpired, the device may provide infion to the user regarding that
event. FIGs. 7A-7B illustrate an exemplary proc&38 and a corresponding
interface 708 in which the devices described heag provide feedback to a user
according to examples of the disclosure. Spedifictne device may select a first
series of measurements (e.g., heart rate measu®nassociated with a first event
(e.g., a predetermined event) (step 702 of prot@8s The device may select a
second series of measurements associated wittoadsegent (step 704 of process
700). The device can graphically (e.g., via aldgpnd a graphical user interface
716) represent the first and second series of mea&nt information (e.g., heart rate
information) (step 706 of process 700). In sonstainces, the second series of heart
rate measurements may be intended to illustragxpected measurement (e.g., an
average or targeted heart rate) over time. In dastances, the second series of
measurements may be calculated from a pluraligeokes of measurements (e.g., an
average of several measurements). In some in&atheesecond series of
measurements may be selected from primary measotetmat did not qualify as

qualifying occurrences.

[0087] The interface 708, which may be displayed on alays@vhich may be

part of the device including the PPG sensor unihay be part of a separate device in
communication with the device including the PPGsseminit), may contain a graphic
representation 710 of the first measurement saridsa graphic representation 712 of
the second measurement series. In some instahess,graphic representations may
include a line chart representing a beat-to-beahg for a measured heartbeat. In
some instances, the beat-to-beat timing valuesc(wimay be represented in beats per
minute) may be displayed for both series, whiletimer instances the values may only

be displayed for the first heart rate series.

[0088] The interface may optionally include one or monig 714, which may
provide information about other instances of thedptermined event. These icons
714 may act as links to a different interface tatbspecifically for those instances.
Additionally or alternatively, the interface mayciande other graphical information

(e.g., text information) 716 providing informatiabout the predetermined event (e.g.,
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the number of qualifying occurrences that were ified, the heart rate range of a

given qualifying occurrence, etc.).

[0089] FIG. 8 illustrates an exemplary block diagram ebaputing device
comprising a PPG sensor unit according to exangdldse disclosure. Computing
device 800 can correspond to any of the computawices illustrated in FIGs. 1A-
1C. Computing device 800 can include a processbre®nfigured to execute
instructions and to carry out operations associwaitdcomputing device 800. For
example, using instructions retrieved from memprgcessor 811 can control the
reception and manipulation of input and output degtlsveen components of
computing device 800. Processor 811 can be aesttgp processor or can be

implemented with multiple components.

[0090] In some examples, processor 811 together with eratipg device can
operate to execute computer code and produce andiatis. The computer code and
data can reside within a program storage blocktB&Rcan be operatively coupled to
processor 811. Program storage block 802 can ginprovide a place to hold data
that is being used by computing device 800. Pragstorage block 802 can be any
non-transitory computer-readable storage mediumcandstore, for example, history
and/or pattern data relating to signal values nreasly one or more light detectors,
such as light detector 804. By way of examplegmm storage block 802 can
include Read-Only Memory (ROM) 818, Random-Accessdry (RAM) 822, hard
disk drive 808, and/or the like. The computer cadd data could also reside on a
removable storage medium and be loaded or instaliéathe computing device 800
when needed. Removable storage mediums includex&mnple, CD-RM, DVD-
ROM, Universal Serial Bus (USB), Secure Digital {SDompact Flash (CF),
Memory Stick, Multi-Media Card (MMC), and a netwarkmponent.

[0091] Computing device 800 can also include an inputioudidO) controller

812 that can be operatively coupled to processbro8lt may be a separate
component as shown. 1/O controller 812 can beigardd to control interactions
with one or more I/O devices. 1/O controller 8Eh®perate by exchanging data
between processor 811 and the 1/0 devices thatediscommunicate with processor
811. The I/O devices and I/O controller 812 camownicate through a data link.
The data link can be a one-way link or a two-wak.li In some cases, 1/O devices

can be connected to 1/0O controller 812 through leg® connections. By way of
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example, a data link can correspond to PS/2, U8Bwite, IR, RF, Bluetooth, or the
like.

[0092] Computing device 800 can include a display devi&g t®at can be
operatively coupled to processor 811. Display cked24 can be a separate
component (peripheral device) or can be integraféd processor 811 and program
storage block 802 to form a desktop computer (atiie machine), a laptop, or a
handheld or tablet computing device of the likasplay device 824 can be
configured to display a graphical user interface/{Ghat includes, e.g., a pointer or
cursor as well as other information to the usey.wRy of example, display device
824 can be any type of display, including a ligengstal display (LCD), an
electroluminescent display (ELD), a field emissibisplay (FED), a light emitting
diode display (LED), an organic light emitting deodisplay (OLED), or the like.

[0093] Display device 824 can be coupled to display cdletr@26 that can be
coupled to processor 811. Processor 811 can s@ndata to display controller 826,
and display controller 826 can send signals tolaysgevice 824. Data can include
voltage levels for a plurality of pixels in displdgvice 824 to project an image. In

some examples, processor 811 can be configuredtess the raw data.

[0094] Computing device 800 can also include a touch scB8@ that can be
operatively coupled to processor 811. Touch sc&€ncan be a combination of
sensing device 832 and display device 824, whereghsing device 832 can be a
transparent panel that is positioned in front sptiy device 824 or integrated with
display device 824. In some cases, touch scre@mr®3 recognize touches and the
position and magnitude of touches on its surfateuch screen 830 can report the
touches to processor 811, and processor 811 canpliat the touches in accordance
with its programming. For example, processor &8 gerform tap and event gesture
parsing and can initiate a wake of the device evgring on of one or more

components in accordance with a particular touch.

[0095] Touch screen 830 can be coupled to a touch comt@0 that can acquire
data from touch screen 830 and can supply the eextjdata to processor 811. In
some cases, touch controller 840 can be configiorednd raw data to processor 811,
and processor 811 processes the raw data. Fompéxgmnocessor 811 can receive

data from touch controller 840 and can determing twinterpret the data. The data
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can include the coordinates of a touch as welrasspre exerted. In some examples,
touch controller 840 can be configured to procassdata itself. That is, touch
controller 840 can read signals from sensing pd@Btslocated on sensing device 832

and turn them into data that the processor 81linderstand.

[0096] Touch controller 840 can include one or more miondillers such as
microcontroller 842, which can monitor one or msessing points 834.
Microcontroller 842 can, for example, correspondmnaapplication specific integrated
circuit (ASIC), which works with firmware to monitéhe signals from sensing
device 832, process the monitored signals, andtéme information to

processor 811.

[0097] One or both display controller 826 and touch cdler@®40 can perform
filtering and/or conversion processes. Filteringgesses can be implemented to
reduce a busy data stream to prevent processdr@hlbeing overloaded with
redundant or non-essential data. The conversiocegses can be implemented to

adjust the raw data before sending or reportinghtteeprocessor 811.

[0098] In some examples, sensing device 832 is basedpatitance. When two
electrically conductive members come close to araleer without actually touching,
their electric fields can interact to form a capaoce. The first electrically
conductive member can be one or more of the sepsimgs 834, and the second
electrically conductive member can be an object 886h as a finger. As object 890
approaches the surface of touch screen 830, aitapae can form between object
890 and one or more sensing points 834 in closemity to object 890. By
detecting changes in capacitance at the sensimgsf84 and noting the position of
sensing points 834, touch controller 840 can reizegmultiple objects and determine
the location, pressure, direction, speed, and ex@n of object 890 as it moves
across the touch screen 830. For example, touttnotier 890 can determine

whether the sensed touch is a finger, tap, or g@tbbovering the surface.

[0099] Sensing device 832 can be based on self-capacitaimatual

capacitance. In self-capacitance, the sensing88% can be provided by an
individually charged electrode. As object 890 aaghes the surface of the touch
screen 830, the object can capacitively coupladsé electrodes in close proximity to

object 890, thereby stealing charge away from tbet®des. The amount of charge
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in the electrodes can be measured by the toucihati@nt840 to determine the
position of one or more objects when they touchawer over the touch screen 830.
In mutual capacitance, sensing device 832 candectutwo-layer grid of spatially
separated lines or wires, although other configomatare possible. The upper layer
can include lines in rows, while the lower layen @aclude lines in columns (e.g.,
orthogonal). Sensing points 834 can be providedeaintersections of the rows and
columns. During operation, the rows can be charged the charge can capacitively
couple from the rows to the columns. As object 8proaches the surface of the
touch screen 830, object 890 can capacitively @tgthe rows in close proximity to
object 890, thereby reducing the charge couplingéen the rows and columns. The
amount of charge in the columns can be measureouay controller 840 to

determine the position of multiple objects wheryttaich the touch screen 830.

[0100] Computing device 800 can also include one or migte €mitters, such as
light emitters 808 and 810, and one or more ligttedtors, such as light detector 806,
proximate to the skin of the user. Light emitt@@8 and 810 can be configured to
generate light, and light detector 806 can be goinéid to measure a light reflected or
absorbed by skin, vasculature, and/or blood otide¥. Light detector 806 can send
measured raw data to processor 811, and processaa® perform noise
cancellation to determine the signal. Processarcgh dynamically activate light
emitters and/or light detectors based on an apjgitauser skin type, and usage
conditions. In some examples, some light emited/or light detectors can be
activated, while other light emitters and/or liglgtectors can be deactivated to
conserve power, for example. In some exampleggssor 811 can store the raw
data and/or processed information in a ROM 818AKR822 for historical tracking

or for future diagnostic purposes.

[0101] In some examples, the light detector(s) can medsineinformation, and

a processor can determine a signal from the refieccattered, and/or absorbed light.
Processing of the light information can be perfatroa the device as well. In some
examples, processing of light information needb®performed on the device itself.
FIG. 9 illustrates an exemplary configuration inietha device is connected to a host
according to examples of the disclosure. Host@&Obe any device external to
device 900, including, but not limited to, any bétdevices illustrated in FIGs. 1A-1C

or a server. Device 900 can be connected to Hdéstfough communications link
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920. Communications link 920 can be any connectrariuding, but not limited to, a
wireless connection and a wired connection. Examgphireless connections include
Wi-Fi, Bluetooth, Wireless Direct, and Infraredxenplary wired connections
include Universal Serial Bus (USB), FireWire, Therblt, or any connection

requiring a physical cable.

[0102] In operation, instead of processing light inforraatfrom the light

detectors on the device 900 itself, device 900seand raw data 930 measured from
the light detectors over communications link 92@¢st 910. Host 910 can receive
raw data 930, and host 910 can process the liggtnmation. Processing the light
information can include canceling or reducing anisa due to artifacts and
determining physiological signals such as a uderat rate. Host 910 can include
algorithms or calibration procedures to accountifferences in a user’s
characteristics affecting signal. Additionally,sh®10 can include storage or memory
for tracking a signal history for diagnostic purpss Host 910 can send the processed
result 940 or related information back to devic®.98ased on the processed result
940, device 900 can notify the user or adjustisration accordingly. By offloading
the processing and/or storage of the light inforomatdevice 900 can conserve space
and power, enabling device 900 to remain smallgorthble, as space that could

otherwise be required for processing logic canreed up on the device.

[0103] In some examples, registering the instance (&.gtep 314 illustrated in
FIG. 3, at step 414 illustrated in FIG. 4, or &psb14 illustrated in FIGs. 5A-5B) can
include sending information related to the PPGaig) to the device 900 (e.g., a
watch). Device 900 may display at least a portibthe information on the interface
(e.g., interface 708 illustrated in FIG. 7B) andymand at least a portion of the
information (e.g., as raw data 930) to host 91@.(@ mobile telephone) via
communications link 920. The portion of the infa@tion sent to the host 910 can

include the same or different information displaygddevice 900.

[0104] The operations in the processes described aboyegrenally,
implemented by running one or more functional meduh an information processing
apparatus, such as general purpose processotrsagedgscribed with respect to Fig.
8) or application-specific chips. For example,qassor 811 can analyze one or more
signals from the sensing unit (e.g., including tighitter 808, light emitter 810, and
light detector 806) (e.g., at step 304 illustrate&IG. 3A). As another example, an
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instance can be registered (e.qg., at step 414rdkes! in FIG. 4A) using program
storage block 802.

[0105] For example, displaying operation 702, receivingragion 704,
transitioning operation 708, and replacing operaiit0 are, optionally, implemented
by event sorter 170, event recognizer 180, andténardler 190. Event monitor 171
in event sorter 170 detects a contact on touchitsensurface 604, and event
dispatcher module 174 delivers the event infornmatioapplication 136-1. A
respective event recognizer 180 of application 13®mpares the event information
to respective event definitions 186 and determwiesther a first contact at a first
location on the touch-sensitive surface correspomdspredefined event or sub-event,
such as selection of an object on a user interfé¢ken a respective predefined event
or sub-event is detected, event recognizer 180aes an event handler 190
associated with the detection of the event or sigmie Event handler 190 optionally
utilizes or calls data updater 176 or object updhf& to update the application
internal state 192. In some embodiments, everdlbat90 accesses a respective
graphical user interface updater 178 to update ghdisplayed by the application.
Similarly, it would be clear to a person havingingdy skill in the art how other

processes can be implemented based on the compalegitted in Figs. 1A-1B.

[0106] A method is disclosed. In some examples, the ndethay comprise:
measuring one or more physiological signals; fdeast one of the one or more
physiological signal measurements: determining ieat least one parameter of the
one or more physiological signals meets a critiwiashold; in accordance with the
determination that the at least one parameter nieetsiteria threshold, increasing
an occurrence value; determining whether the oeogs value meets an occurrence
threshold; and, in accordance with the determinatiat the at least one parameter
meets the occurrence threshold, registering aanost Additionally or alternatively,
in some examples, the method further comprisesatfteast one of the one or more
physiological signal measurements, in accordante tive determination that the at
least one parameter of the one or more physiolbgigaals meets the criteria
threshold, waiting a first amount of time; and meag) one or more subsequent
physiological signals. Additionally or alternatiyein some examples, the method
further comprises: measuring motion informatiorted®ining whether the motion

information meets a motion threshold; and, in adance with the determination that
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the motion information meets the motion threshdklaying the measurement of the
one or more subsequent physiological signals. thaidilly or alternatively, in some
examples, the method further comprises: for at lelas of the one or more
physiological signal measurements: in accordante tivé determination that the at
least one parameter of the one or more physiolbgigaals does not meet the criteria
threshold, waiting a second amount of time, whetlegnsecond amount of time is less
than the first amount of time. Additionally orexibatively, in some examples, the
method further comprises: determining whether @ thmount of time has elapsed
since the determination that the at least one petemof the one or more
physiological signals is less than the criteri@#hold; in accordance with the third
amount of time elapsing, resetting a sampling ptaoe in accordance with the third
amount of time not elapsing, measuring motion im@tion; determining whether the
motion information meets a motion threshold; andaécordance with the
determination that the motion information doesmeet the motion threshold,
delaying the measurement of the one or more subséghysiological signals.
Additionally or alternatively, in some examplesgistering an instance includes
providing a notification to a user. Additionally alternatively, in some examples, a
graphical user interface is located on a first deyihe method further comprising:
sending at least a portion of the measured oneooe hysiological signals to a
second device, separate and distinct from thedesice; and displaying the
notification on the graphical user interface. Aubuhially or alternatively, in some
examples, registering an instance includes stanifogmation associated with the
event. Additionally or alternatively, in some exales, the occurrence threshold is
based on one or more characteristics of a useciasso with the one or more
physiological signals. Additionally or alternatiyein some examples, the occurrence
threshold is based on a sampling interval. Adddity or alternatively, in some
examples, the occurrence threshold is based oneaage time between adjacent
qualifying events, wherein at least one qualifyawgnt is associated with the increase
in occurrence value. Additionally or alternatively some examples, the method
further comprises: for at least one of the one orenphysiological signal
measurements: in accordance with the determin#timtrthe at least one parameter
does not meet the criteria threshold, increasingraoccurrence value; determining
whether the non-occurrence value meets a non-aamarthreshold; and, in

accordance with the determination that the non4oeage value meets the non-
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occurrence threshold, executing a reset procedidéitionally or alternatively, in
some examples, the one or more physiological ssgaa& PPG signals. Additionally
or alternatively, in some examples, increasingoit®urrence value further is in

accordance with a confidence value meeting a cenéid value threshold.

[0107] A device is disclosed. In some examples, one ae®®G sensor units,
including: at least one light source configure@mait light and at least one light
detector configured to detect a portion of a reitecof the emitted light and
configured to generate one or more physiologiaaials indicative of the detected
portion of the reflection of the emitted light; ssplay configured to display a
graphical user interface; and logic configuredréaeive the one or more
physiological signals;for at least one of the onenore physiological signal
measurements; determine whether at least one pemaafi¢he one or more
physiological signals meets a criteria threshaldaécordance with the determination
that the at least one parameter meets the critegahold, increase an occurrence
value and determine whether the occurrence valesaa occurrence threshold,;
and, in accordance with the determination thattHeast one parameter meets the
occurrence threshold, display a notification ongdtegphical user interface.
Additionally or alternatively, in some examplesg tnethod further comprises: a
motion sensor configured to measure motion informmatvherein the logic is further
configured to: determine whether the motion infatiorameets a motion threshold;
and for at least one of the one or more physioklgignal measurements: in
accordance with the determination that the at leastparameter of the one or more
physiological signals meets the criteria threshaiaif a first amount of time, measure
one or more subsequent physiological signals, iaratcordance with the
determination that the motion information meetsrttwion threshold, delay the
measurement of the one or more subsequent physialaignals. Additionally or
alternatively, in some examples, the device is lolgpaf switching between different
operating modes of at least one of the one or IRB® sensor units. Additionally or
alternatively, in some examples, at least one @fbtie or more PPG sensor units is
configured to: operate with a first set of opematimnditions while measuring
background heart rate and switch to operating aisecond set of operating
conditions after detecting a first instance, thstfinstance being a first determination

that the at least one parameter meets the occertbreshold. Additionally or
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alternatively, in some examples, the method furtoenprises: a transceiver
configured to transmit at least a portion of theasweed one or more physiological

signals to a second device, separate and distomotthe device.

[0108] A method for detecting irregularities in a heatersignal is disclosed, the
method comprising: measuring one or more heartpfatat least one heartbeat:
determining whether an intensity, a beat-to-beminiy of the heart rate signal, or both
meet a criteria threshold; in accordance with thieination that the intensity, the
beat-to-beat timing, or both meet the criteriashad, increasing an occurrence
count; determining whether the occurrence couatjisal to the occurrence threshold;
and, in accordance with the determination thabtt®irrence count meets the
occurrence threshold, displaying a notificationaographical user interface.
Additionally or alternatively, in some examplesg fhtensity meets the criteria
threshold, and wherein the determination of thaugemce count is within a sampling
interval, the method further comprising: determgnimhether the sampling interval is
greater than or equal to a time threshold; andaljspy the notification when the

sampling interval is greater than or equal to ttme threshold.

[0109] Although the disclosed examples have been fullgrilesd with reference
to the accompanying drawings, it is to be notetlthaous changes and
modifications will become apparent to those skillethe art. Such changes and
modifications are to be understood as being indwaithin the scope of the disclosed

examples as defined by the appended claims.
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CLAIMS

1. A method comprising:
measuring one or more physiological signals, treeammore physiological
signals indicative of one or more physiologicalgmeters of a user;
for at least one of the one or more physiologigga measurements:
determining whether at least one parameter of tieeco more
physiological signals meets a criteria threshold;
in accordance with the determination that the adtlene
parameter meets the criteria threshold, increammgccurrence value;
determining whether the occurrence value meetceanrence
threshold; and
in accordance with the determination that the aétlene

parameter meets the occurrence threshold, regigtan instance.

2. The method of claim 1, further comprising:
for the at least one of the one or more physiokggnal measurements:
in accordance with the determination that the adtlene
parameter of the one or more physiological sigmaets the criteria threshold,
waiting a first amount of time; and

measuring one or more subsequent physiologicahsgn

3. The method of claim 2, further comprising:

measuring motion information;

determining whether the motion information meeisaion threshold; and

in accordance with the determination that the nmoitidormation meets the
motion threshold, delaying the measurement of tteear more subsequent
physiological signals.

4. The method of claim 2, further comprising:
for the at least one of the one or more physiokggnal measurements:
in accordance with the determination that the adtlene
parameter of the one or more physiological sigdats not meet the criteria
threshold, waiting a second amount of time,
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wherein the second amount of time is less thamisteamount

of time.

5. The method of claim 2, further comprising:
determining whether a third amount of time has sdasince the
determination that the at least one parametereobtie or more physiological signals
is less than the criteria threshold;
in accordance with the third amount of time elagsmesetting a sampling
procedure; and
in accordance with the third amount of time nopsiag:
measuring motion information;
determining whether the motion information meetsaion
threshold; and
in accordance with the determination that the nmotio
information does not meet the motion thresholdagieg the measurement of the one

or more subsequent physiological signals.

6. The method of claim 1, wherein registering atance includes one or
more of providing a notification to the user anarstg information associated with

the event.

7. The method of claim 6, wherein a graphical usterface is located on
a first device, the method further comprising:

sending at least a portion of the measured oneooe physiological signals to
a second device, separate and distinct from thedevice; and

displaying the notification on the graphical usgerface.

8. The method of claim 1, wherein the occurrencestiold is based on
one or more of a sampling interval and charactesistf the user associated with the

one or more physiological signals.

9. The method of claim 1, wherein the occurrencestiiold is based on
an average time between adjacent qualifying evaritsrein the adjacent qualifying

events are associated with the increase in ocagrealue.

40



10. The method of claim 1, further comprising:
for at least one of the one or more physiologiggia measurements:
in accordance with the determination that the adtlene
parameter does not meet the criteria thresholde@&sing a non-occurrence value;
determining whether the non-occurrence value nmeeets
non-occurrence threshold; and
in accordance with the determination that the nocuarence

value meets the non-occurrence threshold, execatneget procedure.

11. The method of claim 1, wherein the one or npbrgsiological signals

are PPG signals.

12. The method of claim 1, wherein increasing tbeuorence value
further is in accordance with a confidence valueting a confidence value
threshold.

13. A device comprising:
one or more PPG sensor units including:
at least one light source configured to emit ligimil
at least one light detector configured to detqmbrion of a
reflection of the emitted light and configured &ngrate one or more physiological
signals indicative of the detected portion of tefection of the emitted light;
a display configured to display a graphical usegriiace; and
logic configured to:
receive the one or more physiological signals fooma
or more physiological signal measurements,
for at least one of the one or more physiologiga
measurements:
determine whether at least one parameter of the
one or more physiological signals meets a critiwiashold,
in accordance with the determination that the at
least one parameter meets the criteria threshwdease an occurrence value,
determine whether the occurrence value meets

an occurrence threshold, and
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in accordance with the determination that the at
least one parameter meets the occurrence threshspdiay a notification on the

graphical user interface.

14. The device of claim 13, further comprising:
a motion sensor configured to measure motion in&bion,
wherein the logic is further configured to:
determine whether the motion information meets &ono
threshold, and
for the at least one of the one or more physiokiggnal
measurements:
in accordance with the determination that the adtle
one parameter of the one or more physiologicaladggmeets the criteria threshold,
walit a first amount of time,
measure one or more subsequent physiological signal
and
in accordance with the determination that the nmotio
information meets the motion threshold, delay treasurement of the one or more

subsequent physiological signals.

15. The device of claim 13, wherein the deviceaisable of switching
between different operating modes of at least drieeoone or more PPG sensor

units.

16. The device of claim 15, wherein at least onthefone or more PPG
sensor units is configured to:

operate with a first set of operating conditiornsj a

switch to operating with a second set of operatimgditions after detecting a
first instance, the first instance being a firdedmination that the at least one

parameter meets the occurrence threshold.

17. The device of claim 13, wherein at least onthefPPG sensor units is
configured to operate in green wavelengths andeat lanother of the PPG sensor

units is configured to operate in infrared wavetbsg
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18. The device of claim 13, further comprising:
a transceiver configured to transmit at least digoof the measured one or

more physiological signals to a second device,rs¢pand distinct from the device.

19. A method for detecting irregularities in a hieate signal, the method
comprising:
measuring one or more heartbeats;
for at least one of the one or more measured restgb
determining whether an intensity, a beat-to-beairy of the
heart rate signal, or both meets a criteria thrgisho
in accordance with the determination that the isitgnthe
beat-to-beat timing or both meets the criteriaghodd, increasing an occurrence
count;
determining whether the occurrence count is equtie
occurrence threshold; and
in accordance with the determination that the aeswe count

meets the occurrence threshold, displaying a patifin on a graphical user interface.

20. The method of claim 19, wherein the intensigets the criteria
threshold, and wherein the determination of thaioence count is within a sampling
interval, the method further comprising:

determining whether the sampling interval is gretttan or equal to a time
threshold; and

displaying the notification when the sampling intdris greater than or equal

to the time threshold.
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