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OPPORTUNISTIC MEASUREMENTS AND PROCESSING OF USERS
CONTEXT
Cross-Reference to Related Application
This application claims priorty to U.S. Application No. 15/084,344, and entitied
“OPPORTUNISTIC MEASUREMENTS AND PROCESSING OF USER'S CONTEXT,” filed
March 29, 2016
Field
Embodiments of the present disclosure generally relaie to the field of sensor devices, and

mare particularly, to providing opportumstic measurements of a user’s physiological context

Background

Today’s computing devices may provide for sensing and rendering {0 a user some user
conlext parameters, such as the user’s movements, ambient light, ambient femperature, and the
fike. The user context parameters may be provided by adding relevant sensors and
corresponding fogic 1o a user’s computing device. However, the existing methods for provision
of the user’s context, such as parameters related to the user’s state of health, roay nvolve
continuous sensor readings and corresponding data processing, which mav consume substantial
energy, hardware, and computing resources. For example, for a computing device with
embedded electrocardiogram (ECG) sensor, once the BECG sensor is fumed on, it may run
continuousty. The ouiput data may or may not be vahid ECG, depending on the user’s actions
with respect 1o the ECG sensor electrodes. Further, a processing component of a computing
device may have {0 be run {and powered on} continuously, as opposed o on demand, in order (o

process the ECG data provided by the ECG sensor.

Brief Description of the Prawings

Embodiments will be readily understood by the following detailed description in
conjunction with the accompanying drawings. To faciitate this description, like reference
numerals designate like structural elements. Embodiments are illustrated by way of example and
not by way of limitation in the figures of the accompanying drawings.

FIG 1 s a block diagram lustrating an exaraple apparatus for opportumstic
measurements of user’s physiological context, mcorporated with the teachings of the present
disclosure, in accordance with some embodiments.

FIG. 2 dlustrates examples of disposition of sensors on work surfaces of computing
devices, to enable measurements of a user’s phyvstological context, 1 accordance with some

embodiments.
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FI(z. 3 is a process flow diagram for opportunistic measurements and processing of a
user’s physiclogical context, in accordance with some embodiments

F1G. 4 ithustrates example graphs of ECG data, in accordance with some embodiments.

FIG. 5 illustrates an example embodiment of an apparatus for opportunistic
measurements of a user’s physiological context, suntable for use with various components of
10 FIG 1, inaccordance with some embodiments,

FiGz 615 a process flow diagram for opportunistic measurements and processing of a
user's physiological context by the apparatus configured as described in reference to FIGS. 1 and
3, in accordance with some emnbodiments.

FiG. 7 is a block diagram iHustrating an example apparatus for opportumnistic
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measurements of a user’s physiological context, in accordance with some embodiments.
FIG. 8 15 aprocess flow diagram for opportunisiic measurements and processing of a

user’ s physiological context with an apparatus of FIG. 7, in accordance with some embodiments.

Petailed Description

20 Erobodirsends of the present disclosure inchude techuiques and configurations for
opportunistic measwrements of a user’s physiological context. Opportunistic measurements may
include measurements of the user’s context during the user’s interaction with an apparaius, e.g.,
when portions of the user’s upper limbs {(e.g., hands, palms, fingers, and/or wrists) are disposed
on the work surface of the apparatus.

25 In accordance with embodiments, the apparatus may include a processing block and a
firsi sensor coupled with the processing block having first and second elecirodes disposed on a
work surface of the apparatus, o provide first readings of a user’s physiological confext in
response to a contact between the first and second electrodes and respective hands of a user
during interaction of the user with the apparatus. The apparatus may further inchide a second

30 sensor coupled with the processing block and having a sensitive surface emabedded 1u one of the

first or second electrode of the fivst sensor. The second sensor may provide second readings of

the user’s physiological context and further provide a wake-up signal to the processing block in
response o at least proximity of a portion of one of the {first or second hands to the sensitive

surface. The processing block may {acilitate processing of the user’s physiological context in

[
N

response to a receipt of the wake-up signal.

In the following detailed description, reference is made to the accompanying drawings
that form a part hereof, wherein like numerals designate like parts throughout, and in which are
shown by way of illustration embodiments 1 which the subject matter of the present disclosure
may be practiced. It is 1o be understood that other embodimenis mayv be utilized and structural or
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fogical changes may be made without departing from the scope of the present disclosure.
Therefore, the following detailed description is not to be taken 1 a linuting sense, and the scope
of embodiments is defined by the appended claims and their equivalents.

For the purposes of the present disclosure, the phrase “A and/or B” means (A), (B), or (A
and By For the purposes of the present disclosure, the phrase A, B, and/or C” means {A), (B},
{CL{Aand B (A and O), (B and O}, or {A, B, and ).

The description may use perspecitive-based descriptions such as top/bottom, in/out,
over/under, and the like. Such descriptions are merely used to facilitate the discussion and are
not intended to resinict the apphication of embodiments described herein o any particular
orientation.

The description may use the phrases “in an embodiment,” or “in embodiments,” which
may each refer {0 one or more of the same or different embodiments. Furthermore, the terms
“comprising,” “mcluding,” “having.” and the like, as used with respect o embodiments of the
present disclosure, are synonymous,

The term “coupled with,” along with its derivatives, may be used herein. “Coupled” may
mean one or more of the following. “Coupled” may mean that two or more elements are in
direct physical, electrical. or optical contact. However, “coupled” may also mean that two or
more elements indirectly contact each other, but vet still cooperate or interact with each other,
and may mean that one or more other elements are coupled or connected between the elements
that are said 1o be coupled with each other. The term “directly coupled” may mean that two or
more elements are n direct contact.

Fi(z 1 is a block diagram iHlustrating an example apparatus 100 for opportunistic
measurernents of a user’s phystological context, incorporated with the teachings of the present
disclosure, it accordance with some embodimends. In embodiments, the apparatus 100 may
comprise a lapiop computer, a deskiop compuier, a tablet computer, a smariphone, a set-iop box,
a game controlier, a 2-in-1 computing device, or a wearable device.

The apparatus 100 may be configured, for example, to nclude a sensor arrangement (e.g.,
a pair of electrodes coupled with a sensor} to provide electrocardiogram (ECG) readings, (o
measure the natural electrical activity of the heart when the heart is pumping blood {o the fungs
and the rest of the user’s body. The apparatus 100 ay be further configured to mclude another
sensor arrangement {e.g.. an optical sensor with a touch-sensitive surface} to provide
photoplethysmographic (PP(G) readings, such as modulation of the blood vessels when the blood
volume mereases and decreases during cardiac oycles. The modulation information may be used
to calculate heart and/or respivation raie, and peripheral oxygen saturation {Sp(02) levels i the

blood.
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Conventional ECG sensors are configured to provide ECG readings only when the ECG
electrodes disposed on the apparatus are touched by the user’s respective hands {(e.g., fingers,
palms, or wrisis). The ECG sensors may not be configured to provide a wake-up signal to
compel a processing unit of the apparatus to begin processing the ECG readings when the circuit
formed by the BECG elecirodes is closed by the user’s respective hands {e.g., fingers, palms, or
10 wrists). Instead. the HCG sensor may be tumed on once {e.g., when the apparatus 18 powered on}
and then left o run continuously, thus providing continuous ECG output for processing. The
resulting HCG readings may or may not be valid, depending on whether the electrode icop is
closed by the user’s respective hands.

In embodiments described herein, at least one of the ECG elecirodes mav include an
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embedded touch-sensitive surface of the PPG sensor. A wake-up signal may be generated by a
conventional PPG sensor i response to a contact with at least one of the user’s hands with the
touch-sensitive surface. The wake-up sigoal may be provided to the processing unit of the
apparatus, in order o facilitate independent, and in some embodiments simultaneous, processing
of the ECG and PP readings provided by the ECG and PPG sensor arrangemenis. The
20 embodumenis described herein roay enable opportunistic measurements of the user’s
physiclogical context, while saving processing power of the processing unit of the apparatus.
Referning to FIG. 1, the apparatus 100 may comprise a work surface 102, e.g., a portion
of a keyboard (such a3 a plane in front of the keyboard, or kevboard keys), a bezel, a back side,
or other surface that may be accessed by the portions of a user’s hands {e.g.. hands, palms,
25 finger, or wrists} when interacting with the apparatus 100,
Two or more electrodes {e.g., 110, 112) may be placed in specific areas of the apparatus
100, and may be used to divectly measure the heart’s elecincal activity and heartbeat rate of the
user, to sense BUG bio-potentials from laft and right hands, palms, or wrists of the user, and
provide ECG readings. More specifically, electrodes 110, 112 may be placed on the work

30 surface 102 of the apparatus 100 such as to be positioned on opposite sides of, and distant from,
the user’s heart.

In some embodiments, two or more electrodes 110, 112 may be disposed on the work
surface 102 io directly or indirectly {e. g, when the sensors are covered by, or placed behind, an

enclosure of the apparatus 100) contact the user’s hands, fingers, palms, or wrists 106, when the

[
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user’s hands, palros, fingers, or wrists are disposed on the work surface 102 to iteract with the
apparatus 100, For example, electrodes 110, 112 mayv be placed on the keyboard of a laptop or
desktop computer or on the bezel or back side of a tablet computer or a simartphone in posilions

where users rest thewr fingers and palms or wrists natwrally, Different evobodiroends of



WO 2017/172105 PCT/US2017/018528

(.1

disposition of electrodes 110, 112 on work surfaces of varicus devices will be described in
reference o FIG 2.

The elecirodes 110, 112 may be coupled with a sensor 114 {e.g., ECG sensory, 1o obtain
readings of a user’s physiological context in response to a contact between the electrodes 110,
112 and at least portions of respective first and second hands of a user {(not shown) during
10 interaction of the user with the apparatus 100,

In general, different types of sensors providing readings of the user’s context may be
disposed in the apparatus 100 to provide readings related to various user body functions and
current physiological state. For exarople, the sensor 114 roay be an ECG sensor and the

electrodes 110, 112 may be configured to detect hio-potentials from the user’s hands, {e g,
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fingers, palms, or wrists} in response to contact with user’s hands, 1 order for the ECG sensor to

provide ECG readings, to measure the natural electrical activity of the heart when the heart 13

pumping bicod 1o the hungs and the rest of the user’s body.

In embodiments, the apparatus 100 may include a sensor 116 having a sensitive surface

11§, such as touch-sensitive or proximity-sensitive surface that may be embedded in one of the

20 elecirodes, such as electrode 112, as shown, In some embodiments, the proximiiy-sensitive
surface 118 may comprise a proxinuty sensor responsive to proxinuty of a portion of the user’s
hand, e.g., a finger. In some embodiments, the sensitive surface 118 may comprise a different
fvpe of sensitive surface, e.g., capacitive surface or other sensitive surface. For brevity, the
sensitive surface 118 1s called heremnafier a proximutyv-sensitive surface.

25 In embodiments, the sensor 116 may comprise a PPG sensor. For example, the sensor
116 with the proximuty-sensitive surface 118 may comprise an optical sensor to provide PPG
readings of the user’s physiological context. In embodiments, the sensor 116 with proximaiy -
sensitive surface 118 may comprise a combination of photodetectors and hight-emitting diodes
{LED) configured to detect a flow of biood, e.g., to user’s finger or palm placed on or near the

30 prosanuty-sensitive surface 118, More specifically, the sensor 116 (PPG sensor) may be

configured to measure the absorption and retlection of the radiated hight by the volume of the

blood m the blood vessels and capture the modulation of the blood vesseals when the blood
volume increases and decreases during cardiac cyeles.

In embodiments, the sensors 14, 116 may be coupled with a processing block 120, such

[
N

as a phvsical processor block. In embodiments, the processing block 120 may be integrated in a
Systen-on-a-Chip (SoC) configuration. The processing block 120 may be configured to process
readings of the user’s physiclogical context provided by the sensors 114, 116, In embodiments,
the processing block 120 may begin processing readings of the user’s physiological context
provided by the sensors 114, 116 {e.g., ECG and PPG sensors respectively) in response (o a

3
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receipt of the wake-up (e.g., “Interrupt™) signal 180, In embodiments, the processing block 120
may inchude an mtegrated sensor hub 150 having a processor 152 and memory 134, configured
to run independently of 120 to process the sensor samples. The wake-up signal 180 may be
triggerad by a signal 182 generated by the proximuty-sensitive swrface 1138 of the sensor 116,
embedded i the electrode 112 as described above. The signal 182 may indicate a contact
hetween at least a portion of one of the hands of the user {e.g., a finger) and the proxinuty-
sensitive surface 118,

The data from sensors 114, 116 may be captured opportunistically, for example, as the
user puts a palm or finger on the electrode 112 n proximity to or touching the proximity-
sensitive surface 118 of the sensor 116, To ensure meaningful sensor readings, the sensor data,
e.g., PPGreadings by the sensor 116, may be captured over a determined period of time, for
example, ail least for five seconds. Optimurm time for capturing sensor readings may be
empirtcally configured for the apparatus 100, The captured sensor data may be time stamped as
it is captured from the sensors. During the sensor readings processing, it may not be apparent
whether the user touched the electrode 110, in addition to touching the elecirode 112, and thus
closed the circuit with the sensor 114 (ECG sensor). Accordingly, the captured ECG readings
may be verified for validity by the integrated sensor hub 150 {e.g., when the processing block
120 15 asteep or in stand-by mode}, as described m reference to FIGS. 34, I the ECG readings
are determined o be invalid {e.g., the user may have touched the electrode 112 and may not have
touched the elecirode 110), the processing of the ECG readings may be ternmunated.

The processing block 120 may comprise at east a processor 122 and memory 124, The
processing block 120 may further include components configured to record and process the
readings of the user’s physiological context. The processing block 120 may provide these
components through, for example, a plurality of machine-readable mstructions stored in the
memory 124 and executable on the processor 122,

The processor 122 mayv include, {or exarople, one or more processors situated in separate
components, or alternatively one or more processing cores embodied in a component {(e.g., 1 an
SoC configuration}, and anv processor-related support circwtry {e.g., bridging inderfaces, ic.}.
Example processors may include, but are not limuted to, various microprocessors including those
n the Pentiom®, Xeon®, Hanium®, Celeron®, Alom®, Guark®, Core® product families, or the
like Examples of support circuitty may include host side or input/output (Y0} side chipsets
{also known as northbridge and sowthbridge chipsets/components} io provide an inferface
through which the processor 120 may mteract with other system components that may be

operating at differend speeds, on different buses, ete. in apparatus 100, Some or all of the
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functionality commonly associated with the support circuitry may also be inchuded in the same
physical package as the processor,

The memory 124 may comprise random access mermory {(RAM) or read-only memory
{(ROM) in a fixed or removable format. RAM may include volatife memory configured to hold
information during the operation of apparatus 100 such as, for exarnple, static RAM (SRAM) or
dvnamic RAM (DRAM). ROM may nclude non-volatile (NV) mewory circuitry configured
hased on hasic input/output system (BIOS), Unified Extensible Firmware Interface (UEFT), etc.
to provide instructions when apparatus 100 18 activated, programmable memories such as
electronic programmable ROMs {erasable programmnable read-ouly mermory), Flash, ete. Other
fixed/removable memory associated with the apparatus 100 may include, but is not limited to,
electronic memories such as solid state flash memory, removable memory cards or sticks, ete.

The miegrated sensor hub 150 may be coupled with processor 122 and memory 124 and
configured to aggregate and further process the data provided by sensors 114, 116, and other
sensors 132 that may be included m the apparatus 100, In embodiments, the integrated sensor
hub 150 may nm autonomously, e.g., independent from processor 122 and memory 124 after
booting up the processing block 120, The integraied sensor hub 150 may comprise a conunon
low-power sensor hub, to allow opportunistic sensing whenever the user maintains direct (or
indirect} contact between her hands (fingers, palms, fingers, wrists) and at least the electrode 112
with the proximity-sensitive surface 118, As shown, the integrated sensor hub 150 mayv be
coupled with the sensors 114, 116, 132 via general purpose wnput/output (0} civcutt and/or vig
inter-integrated circuit 12€. Commumicanon channels (IPC) may connect the integrated sensor
hub 150 to other components in the SOC, such as the application processor {e.g., processor 122)
and security engine {(not shown). The 1ntegrated sensor hub 150 may be coupled with the
processor 122 via commumnication fabric 160, and with the memory 124 via direct memory
access (PMA) 162, In embodiments, sensor data acquusition {DAG) and sensor fusion may be
offloaded from the host to the integrated sensor hub 150, which may perform required sensor
Processing.

The processing block 120 may include other components necessary for functioning of the
apparatus 100, some of which are not described herein for ease of understanding. For example,
the processing block 120 may include a graphics processor GFX 126, and other components 130,
Other components 130 may include, for example, one or more interfaces {not shown) to
commumnicate the user’s context measurements over one or more wired or wireless network{s}
and/or with any other suitable device, such as external computimg device {(not shown). In

embodiments, the processing of sensor readings may be performed by the integrated sensor hub
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1307s processor 152, In some embodiments, at least part of the processing may be performed by
the processor 122

The apparatus 100 may nclude other sensors 132 that may be coupled with the integrated
sensor hub 150, as shown. Sensors 132 may comprise other types of sensors configured to
measure the current physiclogical state of the user or other parameters. For example, sensors
132 may measure motions of the user in relation 1o the apparatus 100, jitter associated with user
mnteraction with the apparatus 100 {e.g., user’s interaction with a kevboard, fouchscreen, or
touchpad of the apparatus 100}, user’s bodyv skin temperature, and the like. For example, sensors
132 roav include one of accelerometer, gyroscope, terperature sensor, or the hike.

In some embodiments, the apparatus 100 may include touch sensors 170 {e.g., one or
more capacitive strips) disposed about the work surface 102 of the apparatus 100, shown in
dashed lines in FIG. 1. The touch sensors 170 may be configured to produce a signal 184
{shown 1 dashed line} m response 10 a detection of the user’s touch of the work surface 102
The signal 184 may be combined with the wake-up signal 180 to control the provision of signal
180 to the integrated sensor hub 150, The embodiments of the apparatus 100 including the touch
sensors 170 and us operation will be described o detanl in reference to FIGS. 5-6

The apparatus may further include circuitry configured to facilitate a provision of
readings from different sensors embedded in or otherwise coupled with the apparatus 100, Such
cireutry (not shown) may inchude, for example, an araplifier, an analog-to-digital converter
{ADC) and a controller to operate the circuitry. I some erobodirnents, the circuitry may be
mtaegrated in a form of an integrated circuit (IC).

It should be noted that the nomber of electrodes and sensors ilustrated and types of
sensors provided are for iustration purposes only and are not to be construed as hmiting on this
disclosure.

The apparatus 100 mav further include different components necessary for the
functiomng of the apparatus, depending on a type of the apparatus. For example, the apparatus
100 may include a camera, a flash, a nucrophone, and other components (not shown) that mav be
typically included in a computing or wearable device of a particular tvpe. The apparatus 100
may further include a display (not shown} to display results of opportunistic measurements and
processing of the user’s physiological context.

As briefly describad above, 1o allow for opportunistic sensing, electrodes 110, 112 may
be accessible (o the user in natural positions and activities involving the apparatus 160. There
may be several options for placement of these sensors on devices. As described above, the
apparatus 100 may mclude a work surface 102, such as a coraputing device keyboard, which

may come in divect comtact with the user’s hands, palms, or wrists 106 when the user operates
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the kevboard. In another example, a computing device may comprise a tablet or smariphone, and
work surfaces may comprise bezels or hack sides of the respective devices. Some examples of
sensor placement on work surfaces of various computing devices are described below,

F1G. 2 dlustrates examples of disposition of sensors on work surfaces of computing
devices, to enable measurements of a user’s physiological context, in accordance with some
embodiments. View 202 dlustrates the placement of the electrodes around a bezel 204 of a
casing 205 of a tablet computing device 206. View 212 ilustrates the placement of the
electrodes around a back side 208 of the casing 205 of a tablet compuiing device (g.g., 206}
View 222 illustrates the placement of the elecirodes on a keyboard 226 of a computing device,
such as a laptop, tablet Gf equipped with a kevboard}, or deskiop computer. For example, the
electrodes may be disposed on no-key areas of the keyboard 226,

View 232 illusirates the placement of the electrodes around a work surface, such as back
side 228 of a smartphone 236, As shown, the electrodes 110 {e.g , teft electrode) and 112 (e g
right electrode) may be dimensioned and disposed on the back side 228 to provide a high
probability of an opportunistic contact with respective hands {e.g., fingers) of a user. As shown,
the right elecirode 112 may nclude the proximity-sensitive surface 118 of the PPG sensor (not
shown), o enable detection of contact between the surface 118 and the user’s right arm (finger},
1o trigger the wai»:&up signal to the processing block (not shown). As discussed above, the
simartphone 236 may nchude other comnponents, such as LED flash {which may be embedded
within the electrode 112 for convertence, as shown), a camera, a moicrophone, and the like,

Accordingly, a computing device with the sensors for opportunistic measurements of the
user context configured according to embodiments described herein may inclode a laptop
computer, a desktop conputer, a tablet corapuier, a sroartphone, a wearable device, or any other
mabile or stationary computing device. A work surface suitable for placing the sensors for
measurements of a user’s context may include at least a portion of a kevboard of a computing
device, a berel of the computing device, or a back side of the computing device.

It should be noted that the apparatus 100 may take a number of different forms, n
addition or as an alternative to that described herein. For example, apparatus 100 may comprise,
e.g.. headsets, glasses, wands or styluses that contain compute components, and the hike.
Accordingly, different body parts (e.g., forchead, eyes, ears, etc.), in addition or i the altemative
to arm portions, such as fingers, hands, palms or wrists, mayv be in direct or indirect contact with
different forms of work surfaces of computing devices of different types, 1o enable the user’s
context measurements and processing described herein,

FIG. 3 15 a process flow diagram for opportunistic measurements and processing of a

user' s physiological context, in accordance with some embodiments. The process 300 may
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comport with and be performed by some of the elements of the various embodiments earlier
described in reference to FIGS, -2 In alternate embodiments, the process 300 may be practiced
with more or fewer operations, or g different order of the operations. The process 300 may be
performed, for example, by the processing block 120, such as integrated sensor hub 150 of the
apparatus 100 of FIG. 1. Accordingly, the process 300 1¢ descnibed with continuous reference to
FIG 1

The process 300 may begin at biock 302 and include enabling and configuring sensors
114 and 116, and puiting the sensors in a stand-by mode. The process of block 302 may further
include watting for a wake-up (e.g., “interrupt”) signal 180, which may be triggered in response
to detecting of a touch {or proximity ) of a portton of the user’s arm {e.g, a finger) to the
proximity-sensitive surface 118 of the sensor 116 (e.g., PPG sensor) embedded in the electrode
112 as deseribed n reference (o FIG. 1. Whenever the electrode 112 18 touched {(or proximity of
the user’s arm portion i3 detected), the sensor 116 (PPG sensor) may generate the wake-up signal
180, which may trigger the processing of PPG readings by the integrated sensor hub 130, The
same wake-up signal 180 mav be used as a “pseudo wake-up” signal 1o change the mode of the
sensor 114 (ECG sensor) from stand-by mode 1o sense mode and invoke the related processing
routine in the indegrated sensor hub 150,

At dectsion block 304, the process 300 may include determining whether the wake-up
signial has been received. 14t is determuined that the wake-up signal has not been received, the
process 300 may return to block 302, 11t 15 determined that the wake-up signal has been
recetved, the readings and processing of the readings provided by sensors 114 and 116 {eg.,
FECG and PPG sensors respectively) may commence. The processing of the BECG and PPG
readings roay occur independently and n parallel, as indicated by blocks 306 and 314
respectively.

Accordingly, at block 306, the process 300 may include reading and processing PPG data
provided by the sensor 116, The processing block 120 {e. g, integrated sensor hab 150) may
process the PPG data and extract heart rate and SpO2 data regardiess of whether the electrode
11018 active {e.z., touched by the user}.

At block 308, the process 300 may include storing the PPG data, ez, in memory 124
The data may be stored with a fime stamp, for example.

At decision block 310, the process 300 may include ventfving whether the reading and
processing of the PPG data may be completed. Different conditions may be met to satisfy the
completion of the processing of the PPG dala. For exarople, a particular time period {e.g., about
5 seconds) may be deterroined for the processing block to process the data. In another exarople,

the wake-up signal 180 may be provided continuously for the duration of the user touching the
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proximity-sensitive surface 118, The wake-up signal 180 mav terminate, in response the user
maving a portion of her arm {e.g., a finger) away {from the proxinuty -sensitive surface 118, If
any of these conditions occur, the processing of the PPG data may be completed at block 312,
and the process 300 may return 1o block 302, Gtherwise, the process 300 may retum to block
306. Atblock 314, the process 300 may include reading and processing ECG data provided by
the sensor 114, As noted above, the process of block 314 may occur in parallel 1o the processes
described in blocks 306, 308, and 310

At decision block 316, the process 300 may include determining whether the ECG data
provided by the sensor 114 15 valid. For example, the processing block 120 mayv activate the
ECG sensor and read the ensuing packet header information of the ECG data provided by sensor
114 o determine if the ECG data is valid, e g., when the data is generated when both electrodes
110, 112 are touched by the user’s respective portions of hands {e.g., lefl and night fingers
respectively). The ECG data validation is described in reference to FIG. 4.

If the BECG data is determuned to be invalid, e g, electrode 110 is not touched by the
user's arm substantially simultanecusty with the user’s other arm touching the electrode 112, the
reading and processing of the ECG may ternunate at block 318, and the process 300 may return
1o block 302, In another example, the processing block 120 may enter a polling mode for the
duration of the PPG data reading and processing. This may be done in a case where the user may
initially touch the electrode 112 only with proximity-sensitive surface 118, activating the PPG
processing, and {e.g., later in time) may fouch the electrode 110 after the wake-up signal 1801s
ne longer active.

If at decision block 316 the ECG data is determined to be valid, the process 300 may
mave to block 320, which may mclude storing the ECG data, e g, i mersory 154, o avod
accessing the host system memory unnecessarily n order to save power. The data may be stored
with a time stamp, for example.

At decision block 322 it may be determined whether the reading and processing of the
ECG data may be ternunated. The termination of the readings may be done, for exarople, if the
time period allocated for BECG data reading and processing mayv have expired. In another
example, the wake-up signal may be de-asserted {e.g., the user removes her finger from the
electrode 112, as described above}. In some instances, it may be possible for the user {0 remove
their finger from electrode 110 nid-stream (afier a few seconds) while still touching electrode
112, In this case, the ECG may no longer be valid. This case may be detected 1n the infegrated
sensor hub by, for example, monitoring the integnity of the inter beat interval (IBI) data and
ternmunating the processing when thas data 15 wvahid, such as when the data falls outside expected

fimuts. If 1t 1s determuned that the reading and processing may not be terminated, the process 300
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may return to block 314, {1115 determined that the reading and processing may be terminated,
the process 300 may move to block 318, at which the reading and processing of the ECG data
may be ternunated.

in summary, because the ECG sensor may not have means of reporting a closed loop
analog front end {AFE} condition, the mtegrated sensor hub 150 may read the ECG ouiput data,
unpack the header packets, and process the data to determine ECG signal vahidity. fthe datais
deemed valid, the EC( data siveam may be read and processed until one of two conditions is
manifested: the wake-up signal 1s de-asserted {e.g., the user removes her finger from the
electrode 112) or the ECG data is vo longer vahd {e.g., the user removes her finger from the
elecirode 110

F1G. 4 dlustrates example graphs of ECG data, v accordance with some embodiments.
The graphs illustrate ECG data validation techniques briefly described in reference to FIG. 3.
More specifically, graph 400 illustrates vahid ECG data that may be read frov the ECG sensor,
e.g.. sensor 114, and graph 402 illusirates invalid ECG data that may be read from the ECG
sensor. In order (o determine whether ECG data s valid, an R-R peak detection algorithm may
be used to capture a few, e.g., three to five R peaks of a typical PQRST complex of an ECG
graph (as shown in the graph 400). A POQRST complex of an ECG signal may include three
waves, (3-wave may indicate the downward deflection of the ECG signal. R-wave may indicate
the upward deflection from point Q to point R, S-wave may mndicate the downward deflechion
froro point R to point S, A P-wave may occur before the QRS complex and a T-wave may
follow the QRS complex. Accordingly. the fime intervals between the peaks of the PQRST
complex may be analvzed and 1t may be determined whether the waves are representative of
typical ECG waveforms. For example, if the time 1ntervals between the peaks of the POQRST
complex (2 g, IBI} fall within respective typical ranges, it may be inferred that the ECG data
represented by the PQRST complex is valid. In another example, a single PQRST complex {e.g.,
aboui 200 data samples) may be analyzed to determune vahdity of the ECG data

As discussed m reference to FIG. |, in some ernbodiroents, the apparatus 100 roay
mclude touch sensors 170 {e.g., one or more capacitive sirips or other touch-senstiive surfaces}
disposed about the work surface 102 of the apparatus 100 {e.g., around the bezel of the apparatus

~
7
7

100}, The touch sensors 170 may be configured to produce a signal 184 i response o a
detection of the user’s touch of the work surface 102, The signal 184 may be combined with the
wake-up signal 180 to control the provision of signal 180 to the processing block 120, The touch
sensors moay detect contact between the work surface 102 of the apparatus 100 and the at least
portions of respective hands of a user. The processing block 102 may begin processing the ECG

and PPG readings in response 1o the receipt of the wake-up signal 180 and further i response o
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a receipt of the signal 184, indicating the detection of contact between the work surface 102 and
the at least a portion of an arm (or portions of respective arms) of the user.

FiG. 3 illustrates an example embodiment of an apparatus for opportunistic
measurements of the user’s physiological context, suitable for use with various components of
FIG 1, in accordance with some embodiments. Morve specifically, the apparatus 100 {eg., a
smariphone) 1s shown in perspective view 302 and mn back view 512, Whle the embodiments of
F1G. S are described i smartphone implementation, other embaodiments are also possible, for
example, with respect to devices described in reference to FIG. 2, such as faptop, tablet
computer, and the hike,

As shown in view 302, the user may hold a smartphone 504 with a work swrface (e g,
back side} 306 with parts of the user’s respective hands 534, 536. The back side 506 of the
smariphone S04 18 shown in view 312, As shown, the touch sensors 170 referenced in FIG. 1,
such as one or more capacitive touch-sensitive surfaces or pressure sensors, may be disposed
around the back side 506 {e. g, around the adge of the smariphone 504} Although shown as one
continuous sirip in view 512, the touch sensors 170 may comprise several {e g, two or more}
discrete portions or sections {e.g., segroents 330 and 532} making it possible to deternune
whether the user 13 holding the device with [eft, nght, or both left and right hands. For exampla,
if segment 530 13 active by the user’s finger 534 touching if, there 15 a probability that electrode
110 may also be active and ECG data reading and processing may commence.

In the event the user s holding the device with hoth hands, i may be inferred that there is
at least a possibility that both electrodes 110 and 112 may be touched by the user. Further, the
proximity-sensitive surface 118 may report, in addition to the report by sensor 170, that the user
is touching the electrode 112 Accordingly, both PPG and EKG sensors may be turned on and
the raspective readings and processing may commence according to the process described in
reference to FIG. 3. This arrangement provides means of identifving a probability that both left
and right electrodes have been touched by the user.

FIG. 6 15 a process flow diagram for opportunistic roeasurements and processing of the
user’s phyvsiological context by the apparatus configured as described in reference to FIGS. 1 and
5, in accordance with some embodiments. The process 600 may be performed, for example, by
the integrated hub 150 of the apparatus 100 of FIG. 1. In the example described by process 600,
it is assumed that the touch sensors 170 may inchude two discrete portions 530 and 532, which
may aliow detection of the touch of the work swrface 102 {e.g., back side 506} of the apparatus
100 {e.g., smartphone 504}

The process 600 may begin at block 602, and include watting for a wake-up signal, as

described in reference to block 302 of FIG. 3. The process at block 602 may further mnclude
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waiting for an indication from at feast one of the touch sensor portions 530 or 532 that the user
touched the back surface 506

At decision block 604 1t may be determined whether the wake-up signal has been
recetved.

It the wake-up signal has been recetved, at decision block 606 it may be determined
whether a signal from at least one touch sensor {e.g., 530 or 532) has been recerved.

If no signal from the touch sensor has been received, the process 600 may move to block
610, where the reading and processing of at least PPG data may commence, in response (o a
receipt of the wake~up signal provided by the touch-sensitive surface of the PPG sensor,

i a signal from the touch sensor has been received, at decision block 608 it may be
determined whether a signal from another touch sensor has been recetved.

If no signal from another touch sensor has been received, the process 600 may move {o
block 610, where the reading and processing of at least PPG data may commence. If additionally
it may be deternuned that, for example, the signal s recetved from a touch sensor that
corresponds to a portion of the left hand 534 of the user, it may be inferred that there is 2
probability that the user may touch the left electrode 110 (with reference to FIG. 53
Accordingly, in addition to reading and processing of the PPG data, the reading and processing
of the ECG data may also commence.

It a signal from another touch sensor has been received, it may be understood that the
user 18 touching the back side 506 with portions of both hands 5334, 536, Thus, in addiion o
touching the right electrode 112 with the proxamity-sensitive surface 118 with the user’s right
hand 336, as indicated by the walie-up signal, the user may be touching the left electrode 110, at
least with some probability. 1t may be assumed that the ECG data mav be read and processed.
Accordingly, the process 600 may move 1o block 612, where the reading and processing of PPG
and ECG data may commence.

The process 600 may then roove from blocks 610 or 612 1o the process described in
reference to FIG. 3, namely, to the ECG data validation (if desired), and the deterounations
whaether the readings of HCG and/or PPG data may be terminated.

Fi(z. 7 is a block diagram illustrating an example apparatus for opportunistic
measurements of a user’s physiological context, in accordance with some embodiments. At least
sorne of the componenis of apparatus 700 are sioular o those of the apparatus 100 of FIG. | and
are indicated by like numerals, for ease of understanding. For ease of understanding and brevity,
the descriptions of the like components of FIGS. 1 and 7 are omutted.

As shown, atouch-sensitive sensor 702 {e.g., capacitive touch surface or a pressure

sensor) may be embedded in the electrode 110 of the apparatus 700, in addition o the proximity-
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sensitive surface 118 of the sensor 116 that may be embedded in the electrode 112, The touch-
senstiive sensor 702 may be coupled with a touch sensor controller 704, The touch-sensitive
sensor 702 may be configured {o sense a touch by the user’s arm portion {e.g., palm or finger} of
the electrode 110, and the sensor controller may generate a corresponding wake-up signal 708.
The described arrangement may provide for determimng when both electrodes 110 and 112 may
have been touched by the user’s respective arm portions.

In order {0 preserve the use of a single general purpose IO mput 706 {e.g., pin}, as shown
in the diagram, the wake-up signal 708 from the controlier 704 and the wake-up signal 180 of the
sensor 116 (PPG sensor) may be combined together 1o an OR or AND cornbination at a gate 710,
o generate a wake-up signal 712 for the integrated sensor hub 150, More specifically, the
integrated sensor hub 150 may access the status registers of the PPG controlier (integrated with
the sensor 116} and the touch sensor controller 704 to ascertain which of the sensors 702 and/or
116 may be active. For example, if ECG and PPG signals may need 1o be momtored
simultaneously, the signals 708 and 180 may be combined in an AND combination, before being
fed to the GPIO pin 706 1 a form of a wake-up signal 712, to tngger the servicing of both PPG
and ECG sensors stmultaneously.

If the ECG and PPG signals are 1o be asynchronously or independently monttored and
processad, the gaie 710 may be an OR gate. Then, the signals 708 and 180 may be combined in
an OR combination and then fed to the GPIO pin 706, to provide the signal 712, to wake up the
integrated sensor hub 150

Fi(z. 815 a process flow diagram for opportunistic measurements and processing of a
user’s physiclogical context with an apparatus of FIG. 7, in accordance with some embodiments.
The process 800 may comport with and be performed by some of the elements of the various
embodimenis sarlier described in reference 1o FIGS. 1 and 7. In alternate embodimends, the
process 800 may be practiced with more or fewer operations, or different order of the operations.
The process 300 may be performed, for example, by the integrated sensor hub 150 of the
apparatus 700 of FIG. 7. Accordingly, the process 800 s described with continuous reference to
FIGS. 1and 7. Some of the operations of the process 800 may be performed sinular to the like-
named operations of the process 300 of FIG. 3. The descriptions of such operations are omutted
for brevity.

The process 800 may start at block 802 and mclude waiting for a wake-up signal 712,
Referencing FIG. 7, signal 712 may be triggered by the signal 180 generated by the PPG sensor
12 i response (o detection of proxinuty of the user’s hand by the proxamity -sensitive surface
118 10 the gate 710, or by signal 708 provided by the controller 704 m response to a detection of

touch by the touch sensor 702.
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At decision block 804, the process 800 may include determining whether the wake-up
signal 7172 resulted from the signal 180 from the PPG sensor 116, 1 1 15 determined that the
wake-up signal 712 was not triggered by PPG signal 180, the process 00 may return to block
842

It it 1s determined that the wake-up signal 712 has been triggered by PPG sensor {signal
1803, at decision block 806 1t may be deternuned whether the wake-up signal 708 from the
controller 704 has also been generated. As noted, the signal 708 from the touch sensor 702 may
be generated in response 1o the user touching the touch sensor 702,

If 15 deterouned that the signal 708 has vot been geverated by the sensor 702, at block
808 the PPG data mayv be read, processed, and stored, similar o operations described in reference
10 FEG. 3. At decision block 810, the process 800 may include verifying whether the reading and
processing of the PPG data may be terminated, sivoilar to operations described n reference to
FIG 3. If it s deternuned that the reading and processing roay be termnated, the processing of
the PPG data may be terminated at block 812, and the process 800 may retum to block 802,
{(therwise, the process 800 may refirn to block 808,

If at decision block 806 1t 1s deternuned that the signal 708 has been generated, at block
814 the BCG and PPG data may be read, processed, and stored, similar to the operations
described in reference to FIG. 3. For example, the BECG and PPG data may be processed
simnudtaneousty if the signals 708 and 180 may be combined in an AND combination, as
discussed 1o reference {0 FIG. 7. In another exaraple, the ECG and PPG data moay be processed
asynchronously or independently «f the signals 708 and 180 may be combined m an OR
combination, as discussed in reference to FIG. 7. At decision block 816 it may be determuned
whether the readings of PPG and ECG data may be terroinated, sivailar to operations described n
reference to FIG. 3. If it is determined that the reading and processing may be terminated, the
processing of the PPG and ECG data may be termunated at block 818, and the process 800 may
retum to block 802, Otherwise, the process 800 may retum to block 814,

The erobodirnents described herein may be further tlustrated by the following examples.

Example 1 may be an apparatus for providing a user’s physiclogical confext, comprising:
a processing block; a first sensor coupled with the processing block and having first and second
electrodes disposed on a work surface of the apparatus, to provide first readings of a user’s
physiclogical context in response to a contact between the first and second electrodes and at least
portions of respective first and second hands of a user during interaction of the user with the
apparatus; and a second sensor coupled with the processing block and having a sensifive surface
embeddad in ove of the first or second slecirode of the first sensor, wherein the second sensor is

1o provide second readings of the user’s physiological context and to further provide a wake-up
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signal to the processing block in response to at least a proximity of a portion of one of the first or
second hands to the sensitive surface, wherein the processing block is to facilitate processing of
the user’s physiological context in response 10 a receipt of the wake-up signal.

Example 2 mav include the subject matter of Example 1, wherein the first sensor
comprises an electrocardiogram (ECG) sensor, wherein the first readings include ECG data,
wherein the second sensor comprises a photoplethysmogram (PPG) sensor, wheren the second
readings inchade PPG data

Example 3 may include the subject matter of Example 1, wherein the processing block is
to begin processing the first readings i response to the receipt of the wake-up signal,

Example 4 may include the subject matter of Example 3, wherein the processing block is
10 stop processing the first readings, in response o a termmation of the receipt of the wake-up
signal.

Example 5 may include the subject matter of Example 3, wherein the processing block s
0. determine whether the first readings are valid; and stop processing the first readings or
periodically poll the first sensor in response to a deternunation that the first readings are not
vahd,

Example 6 may include the subject matter of Example 5, wherein the processing block is
1o begin processing the second readings in response 1o the receipt of the wake-up signal.

Exarple 7 may jnclude the subject matter of Example 6, wherem the processing block s
fo stop processing the second readings m response 1o a determination that the second readings
have been collected.

Example 8 may include the subject matter of Example 1, wherein the first sensor inchides
a first sensttive surface embeddad in the st electrode, whersin the sensitive surface of the
second sensor is a second sensitive surface, wherein the one of the first or second electrode is the
second electrode, wherein the one of the first or second hands 1s the first hand, wherein the
second sensor is to provide the wake-up signal to the processing block in further response (o a
contact between the second hand and the {irst sensitive surface.

Example 9 may include the subject matter of Example &, wherein the processing block is
to begin processing the first or second readings in response 1o the receipt of the wake-up signal.

Example 10 may include the sabject matter of Example 9, wherein the processing block
15 10 stop processing the first and second readings n response to a termination of the receipt of
the wake-up signal.

Exarople 11 may include the subject matler of Example 1, wherein the processing block

1s integrated on a system on chip (SOC), wherein the apparatus comprises one of a laptop

o
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computer, a desktop computer, a tablet compuler, a smariphone, a set-iop box, a game controller,
or a wearable device.

Example 12 may mnclude the subject matter of Example 11, wherein the processing block
includes an imtegrated sensor hub.

Exarople 13 may include the subject matler of Example 11, wherein the work surface
10 comprises at least a selected one of’ a kevhoard of the apparatus, a bezel of the apparatus, o1 a
back side of the apparatus, wherein the portions of first and second hands include at least one of:
wrists, palms, hands, or fingers that are disposed on the work surface o interact with the
apparatus,

Example 14 may mnclude the subject matter of any Examples | to 13, further comprising

Yok
W

third and fourth sensors disposed around the work surface, (0 detect a contact between the work

surface and the at least portions of respective first and second hands of a user, wherein the

processing block s to begin processing the first readings and second readings in respouse fo the
receipt of the wake-up signal and a receipt of an indication of the detection of contact between
the work surface and the ai least portions of respective first and second hands.

20 Example 15 roay include the subject matter of Example 14, wherein the processing block
is to: deternune whether the first readings are valid; and stop processing the first readings in
response to a determunation that the first readings are not valid.

Exarple 16 may be a computing device~-implemented method for providing a user’s
phvsiological context, comprising: obtaiming, by a computing device comnumicatively coupled

25 with first and second sensors disposed in an apparatus that includes the computing device, a
wake-up signal initiated in response fo at feast a proximuiy of a portion of one of the first or
second hands 0 a senstiive swrface of the second sensor, the sensitive surface embedded i one
of a first or second electrode coupled with the first sensor and disposed on a work surface of the
apparatus, wherein the first sensor is to provide first readings of a user’s physiological context in

30 response {0 a contact between the first and second electrodes and at least portions of respeciive

first and second hands of a user during interaction of the user with the apparatus, herein the

second sensor 18 {0 provide second readings of the user’s phvsiological context; and
mitiating, by the computing device, a processing of the user’s physiological context in

response (o oblaining the wake~up signal, including processing of at least the second readings,

[
N

and deternuning whether to process the first readings.
Example 17 may mclude the subject matter of Example 16, further comprising:
determining, by the computing device, whether the first readings are valid, and
termunating the processing of the first readings or initiating a periodic polling of the first sensor,

by the computing device, In response 10 a determination that the first readings are not vahid,
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Example 18 may include the subject matter of Example 16, wherein the first sensor
ncludes a first sensitive surface embedded n the first elecivode, wherein the sensitive surface of
the second sensor is a second sensifive surface, wherein the ons of the first or second slecirode 13
the second elsctrode, wherein the one of the first or second hands is the first hand, wherein
obtaiming a wake-up signal jucludes receiving, by the computing device, the wake-up signal from
10 the second sensor 1o further response 1o a contact between the second hand and the first sensitive
surface.

Example 19 may include the subject matter of Example 18, wherein initiating a
processing of the user’s physiological context in response to obtaning the wake-up signal

includes: processing, by the computing device, the first and second readings.

oy
Wh

Example 20 may inchude the subject matter of any Examples 16 {o 19, wherein the
apparatus includes third and fourth sensors disposed arcund the work surface, 1o detect a contact
hetween the work surface and the at least portions of respective first and second hands of a user,
wherein iitiating a processing of the user’s physiclogical context in response to obtaining the
wake-up signal includes: processing, by the computing device, the first and second readings in
20 response to the receipt of the wake-up signal and a receipt of an mndication of the detection of

comtact between the work surface and the at least portions of respective first and second hands.
Example 21 may be one or more non-transitory computing device-readable media having
executable mstructions for providing a user’s physiological context stored thergon that, in
response 1o execution, cause a computing device commumicatively coupled with fivst and second
25 sensors disposed in an apparatus that includes the compuiing device, 1o obtain a wake-up signal
initiated in response to at least a proxinuty of a portion of one of the first or second hands to a
senstiive surface of the second sensor, the sensttive surface embedded i one of a first or second
electrode coupled with the first sensor and disposed on a work surface of the apparatus, wherein
the first sensor is to provide first readings of a user’s physiological context in response io a
30 contact between the first and second electrodes and at teast portions of respective {irst and
second hands of a user during interaction of the user with the apparatus. wherein the second
sensor is fo provide second readings of the user’s physiological cortext; and initiate a processing
of the user’s physiological context in response to obtamming the wake-up signal, wherein to

iitiate inclodes process af least the second readings, and determine whether 1o process the first

[
N

readings.

Example 22 may mclude the subject matter of Example 21, wherein the mstructions
further cause the computing device {o: determine whether the first readings are valid; and
termunate the processing of the first readings or itiate a periodic poliing of the first sensor, by

the computing device, in response to a deternunation that the first readings are not valid.
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Example 23 may include the subject matter of Example 21, wherein the first sensor
mncludes a first sensitive surface embedded i the {irst electrode, wherein the sensitive surface of
the second sensor is a second sensifive surface, wherein the ons of the first or second elecirode 15
the second elsctrode, whersin the one of the first or second hands 15 the first hand, wherein the
second sensor is to provide the wake-up signal to the processing block in further response (o a
contact between the second hand and the {irst sensitive surface.

Example 24 may include the subject matter of Example 23, wherein the instructions o
initiate a processing of the user’s physiological context in response to obiaining the wake-up
signal cause the computing device to process the {irst and second readings.

Example 25 may mnclude the subject matter of any Examples 21 {o 24, wherein the
apparatus includes third and fourth sensors disposed around the work surface, to detect a contact
between the work surface and the at least portions of respective first and second hands of a user,
wherein the instructions to nihiate a processing of the user’s physiological context cause the
computing device to process the first and second readings in response o the receipt of the wake-
up signal and a receipt of an indication of the detection of contact between the work surface and
the at feast portions of respective first and second hands.

Example 26 may be an apparatus having first or second sensors disposed in the apparatus
for providing a user’s physiological context, wherein the apparatus comprises: means for
obtaiming a wake-up signal imiiated 1 response to at least a proxamity of a portion of one of the
first or second hands to a sensitive surface of the second sensor, the sensitive surface embedded
in one of a first or second elecirode coupled with the first sensor and disposed on a work surface
of the apparatus, wherein the first sensor is to provide {irst readings of a user’s physiological
cordext i response 1o a contact between the first and second electrodes and at least portions of
respective first and second hands of a user during interaction of the user with the apparatus,
wherein the second sensor 13 to provide second readings of the user’s physiological context; and
means for inifiating a processing of the user’s physiological context in response 1o obtaining the
wake-up signal, mcluding processing of at least the second readings, and deternuning whether to
process the first readings.

Example 27 may include the subject matter of Example 26, further comprising:

means for determining whether the first readings are valid, and mweans for terminating the
processing of the first readings or mitiating a periodic polling of the first sensor in response to a
determination that the first readings are not valid.

Exarople 28 may inchude the subject matter of Example 26, wherein the first sensor
mcludes a first sensitive surface embedded i the first electrode, wheren the sensitive surface of

the second sensor 18 a second sensitive surface, wherein the one of the first or second electrode 15
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the second electrode, wherein the one of the firsi or second hands is the first hand, wherein
means for obtaining a wake-up sigual includes means for receiving the wake-up signal fromthe
second sensor in further response to a condact between the second hand and the first sensitive
surface.

Exarple 29 may inchude the subject matter of Example 28, wherein means for inifiaing a
processing of the user’s physiological context mn response to obtairung the wake-up signal
mcludes means for processing the first and second readings.

Example 30 may include the subject matter of any Examples 26 to 29, wherein the
apparatus includes third and fourth sensors disposed around the work surface, to detect a contact
between the work surface and the at least portions of respective first and second hands of a user,
wherein means for initiating a processing of the user’s physiological context i response contact
between the work surface and the at least portions of respective first and second hands (o
obtaiming the wake-up signal includes roeans for processing the first and second readings m
response 1o the receipt of the wake-up signal and a receipt of an indication of the detection of

Varigus operations are described as multiple discrete operations in turn, in a manner that
is roost helpful 10 understanding the clairoed subject matter. However, the order of description
should not be construed as to imply that these operations are neceassarily order dependent,
Embodiments of the present disclosure may be implementad into a system using any suitable
hardware and/or software to configure as desired.

Although certatn embodiments have been itHustrated and described heremn for purposes of
description, a wide varigty of alternate and/or equivalent embodiments or implementations
calculated to achieve the same purposes may be substituted for the embodiments shown and
described without departing from the scope of the present disclosure. This application is
intended to cover any adaptations or vanations of the ernbodimends discussed herein. Therefore,
it s manifestly intended that embodiments deseribed herein be himited only by the claims and the

equivalents thereof,
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Claims

What 15 claimed s

1. An apparatus for providing a user’s physiological context, comprising;

a processing block;

a first sensor coupled with the processing block and having first and second electrodes
disposed on a work surface of the apparatus, to provide first readings of a user’s physiological
context in response o a contact between the first and second electrodes and at least portions of
respective first and second hands of a user during interaction of the user with the apparatus; and

a second sensor coupled with the processing block and having a sensitive surface
embedded in one of the first or second electrode, wherein the second sensor is 1o provide second
readings of the user’s physiclogical context and to fiwther provide a wake-up signal to the
processing block i response to at least a proxitoity of a portion of one of the {irst or second
hands to the sensifive surface, wherein the processing block is to facilitate processing of the

user’s physiclogical context in response {0 a receipt of the wake-up signal.

2. The apparatus of claim 1, wherein the first sensor comyprises an electrocardiogram
{(BECG) sensor, wherein the first readings include ECG data, wherein the second sensor comprises

a photoplethy smogram (PPG) sensor, wherein the second readings inchude PPG data.

3. The apparatus of claim 1, wherein the processing block is 1o begin processing the

first readings in response to the receipt of the wake-up signal.

4. The apparatus of claim 3, wherein the processing block s to stop processing the
Py ; 2 P 2

first readings, in response 1o a termination of the receipt of the wake-up signal.

5. The apparatus of claira 3, wherein the processing block 15 1o
deternune whether the first readings are vahid; and
stop processing the first readings or periodically poll the first sensor in response o a

determunation that the first readings are not vahd.

6. The apparatus of claim S, wherein the processing block is {0 begin processing the

second readings in response o the receipt of the wake-up signal.
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7. The apparatus of ¢laim 6, wherein the processing block is to stop processing the

second readings in response 0 a determination that the second readings have been collected.

3. The apparatus of claim 1, wherein the first sensor imncludes a first sensitive suwface
embeddad i the {irst electrode, wherein the sensitive surface of the second sensor s a second
sensitive surface, wherein the one of the first or second electrode is the second electrode,
wherein the one of the first or second hands is the first hand, wherein the second sensor is to
provide the wake-up signal to the processing block in further response 1o 8 contact betwesn the

second hand and the first sensitive surface.

9, The apparatus of claim 8, wherein the processing block is {0 begin processing the

first or second readings i response (o the receipt of the wake-up signal

19, The apparatus of claim 9, wherein the processing block is to stop processing the

first and second readings in response to a termination of the receipt of the wake-up signal.

11, The apparatus of claim 1, wherein the processing block is integrated on a system
on chip (80OC), wherein the apparatus comprises one of a laptop computer, a desktop computer,

a4 tablet computer, a smariphone, a set-top box, a game controller, or a wearable device,

12, The apparatus of claim 11, wherein the processing block includes an integrated

sensor hub.

13, The apparatus of claim 11, wherein the work surface comprises at least a selected
one of a kevboard of the apparatus, a bezel of the apparatus, or a back side of the apparatus,
wherein the portions of fivst and second hands inchude at least one of) wrists, palms, hands, or

fingers that are disposed on the work surface to nteract with the apparatus.

14 The apparatus of any of claims 1 to 13, {urther comprising third and fourth
sensors disposed around the work surface, to detect a contact bebween the work surface and the
at least portions of respective first and second hands of a user, wherein the processing block is to
begin processing the first readings and second readings in response fo the receipt of the wake-up
signal and a receipt of an indication of the detection of contact between the work surface and the

at least portions of respective first and second hands.

o)
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15. The apparatus of claim 14, wherein the processing block is to:
deterraine whether the first readings are valid; and
stop processing the first readings in response to a determination that the first readings are

not valid.

i6. A computing device-implemented method for providing a user’s physiological
context, comprising:

obtamning, by a computing device communicatively coupled with first and second sensors
disposed in an apparatus that cludes the computing device, a wake-up signal mitiated
response to at feast a proximuty of a portion of one of the first or second hands to a sensitive
surface of the second sensor, the sensitive surface embedded in one of a first or second electrode
coupled with the first sensor and disposed on a work surface of the apparatus, wherein the first
sensor 18 o provide fivst readings of a user’s physiological context in response to a contact
hetween the first and second electrodes and at least portions of respective first and second hands
of a user during interaction of the user with the apparatus, wherein the second sensor s to
provide second readings of the user’s physiological context; and

mitiating, by the computing device, a processing of the user’s physiological context in
response to obtaining the wake-up signal, mcluding processing of at least the second readings,

and determining whether to process the first readings.

17. The computing device-implementad method of claim 16, further comprising:

determining, by the computing device, whether the firsi readings are valid; and

termunating the processing of the fivst readings or initiating a periodic polling of the first
sensor, by the computing device, in response 1o a determination that the first readings are not

valid,

18 The computing device-implemented method of claim 16, wheremn the {irst sensor
includes a first sensitive surface embedded in the first electrode. wherein the sensitive surface of
the second sensor 15 a second sensifive surface, wherein the one of the first or second elecivode is
the second electrode, wheretn the one of the first or second hands s the first hand, wherein
obtaining a wake-up signal inciudes receiving, by the computing device, the wake-up signal from
the second sensor in further response {0 a contact between the second hand and the first sensitive

surface.
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19, The computing device-implemented method of claim 18, wherein initigting a
processing of the user’s physiological context in response to obtaning the wake-up signal

includes: processing, by the computing device, the first and second readings.

20, The computing device-implemented method of any of clavms 16 10 19, wherein
the apparatus includes third and fourth sensors disposed around the work surface, to detect a
contact between the work swface and the at least portions of respective first and second hands of
a user,

wherein nitiating a processing of the user’s phystological context i response o
obtaining the wake-up signal includes: processing, bv the computing device, the first and second
readings in response to the receipt of the wake-up signal and a receipt of an indication of the
detection of contact between the work surface and the at feast portions of respective first and

second hands,

21 One or more non-transitory computing device-readable media having executable
instructions for providing a user’s physiological context stored thereon that, in response o
execution, cause a computing device commumicatively coupled with first and second sensors
disposed in an apparatus that includes the computing device, to:

obtain a wake~-up signal matiated i respounse to at least a proxamity of a portion of one of
the first or second hands to a sensitive surface of the second sensor, the sensitive surface
embedded in one of a first or second electrode coupled with the first sensor and disposed on a
work surface of the apparatus, wherein the first sensor is to provide first readings of a user’s
physiological context in response to a contact between the first and second electrodes and at least
portions of respective first and second hands of a user during inferaction of the user with the
apparatus, wherein the second sensor is (o provide second readings of the user’s physiological
conlext; and

initiate a processing of the user’s physiological context in response to obtaining the
wake-up signal, wherein to initiate includes process at least the second readings, and determine

whether to process the first readings.

22, The non-transitory coroputing device-readable media of claim 21, wherein the
mstructions further cause the computing device to:

determine whether the first readings are valid; and

o)
[
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terminate the processing of the first readings or intiate a pertodic polling of the first
sensor, by the computing device, in response {0 a deternunation that the first readings are not

valid.

23 The non-transitory computing device-readable media of clatm 21, wherein the
10 first sensor includes a first sensitive surface embedded m the {irst electrode, wherein the
sensitive surface of the second sensor is a second sensitive surface, wherein the one of the first or
second electrode 18 the second electrode, wherein the one of the first or second hands is the first
hand, wherein the second sensor is to provide the wake-up signal to the processing block

further response 10 a contact between the second hand and the first sensitive surface.

15
24, The non-transitory computing device-readable media of clatm 23, wherein the
mostructions 1o 1oihiate a processing of the user’s physiological contest in response fo oblaiming
the wake-up signal cause the compuming device {0 process the first and second readings.
20 25, The non-transitory coroputing device-readable media of any of claims 21 10 24,

wherein the apparatus includes third and fourth sensors disposed around the work swrface, to
detect a contact between the work surface and the at least portions of respective first and second
hands of a user,
wherein the nstructions to inifiate a processing of the user’s physiological context cause
25 the computing device to process the first and second readmgs in response to the receipt of the
wake-up signal and a receipt of an indication of the detection of contact between the work

surface and the at least portions of respective first and second hands.

30
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