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[DESCRIPTION]
[Tachnical Field]

The present disclosure relates fo infant monitoring systems.  In one example, the

30 preseniinvention relates 1o machanisms and processes for monitoring infant emotional state.

In one exampls, the present invention relates to mechanisms and processes for remotely
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aggregating data relating to infant emotional states.  In one example, the present invention
relales to mechanisms and processes for delermining infani physiclogical measuremenis.
[Background Ar]

Conventional infant monitoring systems include audio or visual monitors that
remotaly collect aural or visual information and transmii this information to another device
that allows a caregiver, such as a parent, to view or haar tha information.  For instancs, a
microphone may be placed in proximity to the infant, such as on a night stand or table, and a
remote speaksr may be placed in proximily fo a caregiver in another location such as another
room.  This allows the caregiver fo hear the infant's cries, ete.  Some monitoring systems
include a videc camera that is positioned 1o record movement and position of aninfant. A
carsgiver can view the video of the infant from a remole devics, such as a dedicated
monitoring device or a smart phons,

Although conventional systems allow caregivers to monitor sounds and videc of an
infant from a remote devics, these monitoring systems are limited io providing only
rudimentary monitoring of an infant.  Essentially, the monitoring systems allow a caregiver
ic hear and see the infant from a different location, such as from another room within a home.
A caregiver must guess from the sounds and sights transimitted through the monitoring
system about the infant’s needs, mood, health, and weil-bsing.  Some wearabie devices
provide rudimentary heart rate and temperature information about an infant to a caregiver,
Howaver, current monitoring systems are extremely fimited in nature.  Caregivers can
greatly benafit from a more robust moniioring system o improve the care and development of
their infants.  in particular, mechanisms for obtaining insights on infant emational state
would further enhance infant care and development.

[Summary of Inveniion]
[Solution to Problem]

Provided ars various mechanisms and procssses for preseniing cusiomized
learning content for an infant based on developmental age.

In one aspect, which may include at least a portion of the subjact matter of any of
the preceding andfor icllowing examples and aspedts, a system includes an infant monitoring
system.  An infant monitoring system includes an infant monitoring davice interface
configured to receive measurement data transmitted wirslessly from an infant monitoring

device associaled with afirstinfant.  The infant monitoring device may include sensors

e
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configured to gather the measurement data corresponding o the firstinfant.  The infant
monitoring system also includes a hub processor configured o compare the measurement
data to a davalopment model to determing if an emotional state associated with the
rmeasurement dala reaches an undesirable level.  The development mode! is obtained from
aremate platform which generates generated the development modsl based on aggregated
measurament data from multiple infant monitoring systems.  The hub processor is also
configured to generate a notification for a caregiver associated with the first infant if the
emotional slate reaches an undesirable level.

In another aspect, which may include at least a portion of the subject matter of any
of the preceding and/or following examples and aspscts, a methed is provided,
Measurement data transmitted wirelessly from an infant monitoring devics associated with a
first infant is received.  The infant monitoring device may includs sensors configured o
gather the measuremant data coresponding o the firstinfant.  The measurement data is
compared 1o a development model to delermine if an emotional slale assodiated with the
measurement data reaches an undesirable ievel.  The development model is obtained from
aremaote platform which gensrates the development model basad on aggregated
measursment data from multiple infant monitoring systems. A carsgiver associated with the
first infant is notified if the emotional stafe reaches an undesirable level.

In one aspedt, which may include at lsast a portion of the subject matter of any of
the preceding and/or following examples and aspedis, & method includes recsiving
measurement data transmitted from multiple infant monitoring systems. The multiple infant
rnonitoring systems each include an infant monitoring device and an infant monitoring hub.
The infant moniforing device is configured to gather measurement data for an infant and the
monitoring hub is configured to process the measurement data. A development model is
generated at a remots infant developmental analysis platform,  Tha development mods!
reflacts a relationship betwesn measurement daia and desirable emotional states for infanis
at various developmental ages.  The development model is sent to a first infant monitoring
system,

In another aspact, which may include at least a portion of the subjsct matter of any
of the preceding and/or following examples and aspects, an infant developmental analysis
system includes an interface configured fo receive measurement data transmitiad from a

plurality of infant monitoring systerns.  The interface is configured 1o send a developmental
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model to a first infant monitoring system. A processor is configured to generate the
developrment model,  The development model refiects a relationship betwsen measurement
data and dasirable emotional statas for to infants at various developmental agas.

In one aspect, which may include at least a portion of the subjact matter of any of
the preceding andfor following examples and aspects, a systern includes an infant monitoring
davice and a monitoring hub.  Provided are machanisms and procasses for determining
physiological measurements associated with aninfant.  In one example, a system includes
an infant monitoring devics and a monitoring hub.  An infant monitoring device interface is
configured to receive measurement data transmitied wirelessly from muitipie sensors
associated with an infant monitoring device.  The infant monitoring device is configured to
be worn by aninfant. A camera inierface is configured to receive sensor data from a
camera.  The camera located in proximily to the infant.  The sensor data comprises visual
dataof the infant. A processor is configured a physiclogical measurement of the infant
basad on the measurement data received from the infant monitoring devics and the visual
data received from the camera,

In anothar aspact, which may include at least a portion of the subjsct matter of any
of the preceding and/or following examples and aspscts, a method is providsd,
Measurement data is recsived at an infant monitoring device inferface.  The measurement

atais ransmitied from a plurality of sensors associated with an infant monitoring device.
Sensor data is received al a camera interface associated with g camera.  The camerais
located in proximity o an infant associaled with the infant monitoring hub.  The sensor data
includes visual data associated with the infant. A physiclogical measurement of the infant
is determined based on the measurement data recsived from the infant monitoring device
combined with the visual data received from the camera.  The measurement data is
combined with the visual data by using a procsssor.
{Aspect 1)

A gystern comprising:
an infant monitoring davice associated with a plurality of sensors configured to obtain
rmeasurement data of an infant when the infant is presented with a first module of learning
content; and
a monitoring hub configured 1o receive the measurement data from the plurality of sensors

and analyze the measuremsnt data in refation to a development mods! obtained from a

4
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ramote platform to determine whather the first module of learning content was appropriate for
the infant, the remote platform configured to receive information from a plurality of monitoring
hubs associated with a plurality of infant monitoring devigss;

wharain the monitoring hub is further configured to determine a developmental age for the
infant based on the whethsr the first module of learning conient was appropriate for the infant
as reflected by an analysis of the measurement data; and

wherein the monitoring hub is further configured to present a second medule of learning
content customized to the developmental age of the infant,

(Aspect )

The system as definad in aspact 1, wherein the measurement data comprises
infant gaze intensity and duration.
{Aspact 3)

The systern as defined in aspect 1, wherein the measurement data comprises
infant position and movement.
(Aspect 4)

The system as defined in aspact 1, wherein the maasurement data includes motion,
ternperaturs, position, and galvanic skin responss.

{Aspact b
Tha systern as defined in aspect 1, wherein analyzing the measurement data
comprises processing the measuremeni data into an observation about the infani and
comparing the observation to the development model, wharein the observation includes one
of sleep, maobility, stress, position, comfort, health, vigilance, or articulation, and wherain the
second module of learning content is selsctad lo be more difficull than the first moduls of
learning content if the ohsarvation is delected to he at a hedlthy level for the infant.

{Aspact 6}

The gystern as defined in aspect 1, wherein analyzing the measurement data
comprises processing the measurement data inte an inference about the infant and
comparing the infarence to the devalopment model, wharsin the inference includes ons of
receptivity to learning, infant well-being, presence of caregiver, environmental factors, safety
of infani, or emotional state of infant, and wherein the second moduie of learning content is
selected 10 ba more difficult than the first module of leaming content if the inference is

detacted o be af a healthy lavel for the infant.

(9]
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{Aspect 7}
A method comprising:
identifying a first module of isarning content previously presanted to an infant along with

reasurement data for the infant, the measurement data obtainad during presentation of the

W

first moduls of leaming content from a plurality of sensors asscciated with an infani
monitoring device,
analyzing the measurement data in relation to a development model obtained from aremole
platform to defermine whether the first medule of lsarning content was appropriate for the
infant, the remote platform configured to receive information from a plurality of moniforing
16 hubs asscoiated with a plurality of infant monitering devices;

determining a developmenial age for the infant based on the whether the first module of

learning content was appropriate for the infant as reflecied by an analysis of the

measurement data;, and

pregenting & sscond maodule of Isaming conlent customnized o the developmenial age of the
15 infant.

(Aspect 8)

The method as defined in aspect 7, whersin the measurement data includes

motion, temperature, position, and galvanic skin response.

{Aspect 9}
20 The method as defined in aspect 7, wherein analyzing the measuremsnt data
comprises processing the measursmeni data into an cbservation about the infant and
comparing the observation to the davalopment model, wharsin the cbservation includes one
of sleep, mobility, stress, position, comiort, health, vigilancs, or articulation,

{Aspsct 10

b2
N

Tha method as defined in aspect 9, wherain the first module of leaming content is
desmed inappropriate for the infant if an undesirable level of stress is delscled.
(Aspect 11)

The method as dafined in aspect 9, wherein the second module of learning content
is selected to be more difficult than the first module of lsaring content if an appropriates level

30 of stress is detected for the infant,
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{Aspect 12

The method as defined in aspect 9, wherein the second module of learning content
is selected to be more difficult than the first module of lsarning content if an appropriats level
of comfort is detected for the infant.
{Aspsct 13

Tha method as defined in agpect 7, wharain analyzing the measurement data
comprises processing the measurement data into an inference about the infant and
comparing the infersnce to the devslopment model, wherein the inferencs includes one of
receptivity to leaming, infant well-being, presence of caregiver, environmental factors, safety
of infant, or emotional state of infant.
{Aspsct 14

The method as defined in aspect 13, wherein the first module of lsarming content is
deemed inappropriate for the infant if an undesirable emotional state of the infant is delected.
{Aspect 15

The method as defined in agpect 13, wherein the second module of learning
content is selected to ba more difficult than ths first module of leaming content if an
appropriate level of receptivity to learning is detected for the infant.
{Aspsct 16

Tha method as defined in aspect 7, wharsin the second module of learning content
includes informational material or suggestions for g caregiver associated with the infant.
(Aspect 17

A method comprising:

identifying a first module of learning content previously presentsd fo an infant along with

measurement data for the infant, the measurement data obtained during presentation of the
first maduls of leaming content from a plurality of sensors associated with an infant
monitoring devics;
analyzing the measurement data in relation to a development mode! obtained from a remoie
nlatform to detarmine whethar the first module of lsarning content was too difficult for the
infant, tha remote platform configured fo receive information from a plurdlity of monitoring
hubs associated with a plurality of infant moniicring devices;
selecting more chalienging matarial for a second moduls of learning content if the first

module of learning content was not too difficult for the infant and selecting less challenging
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material for the second moduls of learning content if the first moduls of lsarning content was
too difficult for the infant; and

nrasenting the second module of learning contart  for the infant,

{Aspect 18}

The method as defined in aspect 17, wherein analyzing the measurement data
comprises procsssing the measuremant data into an observation about the infant and
comparing the observation o the development mods!, wherein the observation includes cne
of sleep, mobility, stress, position, comforl, health, vigilance, or arficulation, and wherein
determining that the first module of learning content was too difficult for the infant includes
delecting an undesirable level relating to the observation.

{Aspsct 19

The method as defined in agpect 18, wherein the undesirable measurement is an
undesirable level of stress.
{Aspect 20

The method as defined in agpect 17, wherein analyzing the measurement daia
gormprises processing the measurament data into an inference about the infant and
comparing the inference 1o the development model, wherein the inference includes one of
receptivily 1o lsarning, infant well-baing, presence of caregiver, environmental factors, safely
of infant, or emotional stale of infant, and wherein determining that the first module of
learning content was too difficult for the infant includes detecting an undesirable level relating
{o the inferance.

(Aspect 21)

A meathod comprising:

receiving measurement data transmitted from a plurality of infant monitoring
systems, the plurality of infant monitoring systems each including an infant monitoring device
and an infani monitoring hub, the infant moniforing device configured lo gather measurement
data for an infant and the monitoring hub configured to process the measurement daiz;
generating a development model at a remote infant davelopmental analysis platform, the
development model reflecting a relationship betwesn meastrernent data and desirable
emotional states for infanis at various developmental ages; and

sending the development madet to a first infant monitoring system.
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{Aspect 22
The method as defined in aspect 21, wherein the first infant monitoring system is

one of the plurdity of infant monitoring systems.

{Aspect 23

The method as defined in aspect 21, wherein the developmeni model is periodically

W

refined hased on additional measuremsnt data receivad from the plurality of infant monitoring
systems,
{Aspect 24;
The method as defined in agpect 21, wherein the plurality of infant monitoring
16 systerns changes over tims.
{Aspsct 25
The method as defined in agpect 21, wherein the mseasurement data includes
galvanic skin response {GSR).
{Aspect 26}
15 The method as defined in agpect 21, wherein the measurement data includes
rnotion.
{Aspsct 27}
The method as defined in agpect 21, wherein the mseasurement data includes
temperature,
20 (Aspsect 28)
The method as defined in agpect 21, wherein the measurement data includes
nogition,
{Aspsct 28

An infant developmenial analysis system comprising:

b2
N

an intarface configurad to receive measurement data transmitted from a plurality of
infant monitoring systems, the interface configured to send a developmental model to afirst
infant monitoring system; and

a processor configured to gensrats the developmant modsl, the development
rmodel reflecting a relationship betwesn measurement data and desirable emotional states for

30 foinfants at various developmental ages.

9
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{Aspact 30}

The infant developmental analysis system as defined in aspect 29, wherein the first
infant monitoring system is one of the plurdlity of infant monitoring systems.
{Aspect 31

The infant developmental analysis systern as defined in aspect 29, wherein the

W

davslopment modet is perindically refined based on additional measurement data received
from the plurality of infant monitoring systems.
{Aspect 32
The infant developmental analysis system as defined in aspect 29, wharein the
16 plurdlity of infant monitoring systems changes over time,
{Aspsct 33
Ths infant developmental analysis system as defined in aspsect 29, wherein the
measursment data includes galvanic skin responss (GSR),
{Aspect 34
15 The infant developmental analysis system as defined in aspect 29, wharein the
reasurement data includes motion.
{Aspsct 35
Ths infant developmental analysis system as defined in aspsect 29, wherein the
measurament data includes temperaturs,
20 (Aspsect 36
The infant developmental analysis system as defined in aspect 29, wharein the
measuremeant data includes position.
{Aspsct 373

A computer readable medium comprising:

b2
N

computer code for recaiving measurement data transmittad from a plurality of infant
monitoring systems, the pilurality of infant monitoring systems each including an infant
monitoring deviee and an infant monitoring hub, the infant moniforing device configured o
gather measurement data for an infant and the monitoring hub configured to process the
measuremsnt data;
30 computer code for generating a development model al a remote infant developmental
analysis platform, the development madel reflecting a relationship between measurerment

ata and desirable emotional states for infants &t various developmental ages; and

10
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computer code for sending the development model! to a first infant monitoring system.
{Aspect 38}
The computer readable medium as definad in aspect 37, wherein the first infant

rnonitoring system is one of the plurality of infant monitoring systems.

W

{Aspsct 3G
Tha computer readable madium as dafined in aspect 37, wharsin the development
model is periodically refined based on additional measurement data received from the
plurality of infant monitoring sysfems.
(Aspect 40)
10 The computer readable medium as defined in aspect 37, wherein the plurality of
infant monitoring systems changss over time.
{Aspsct 41
An infant monitoring hub comprising:
an infant monitoring devics interface configured io receive measursmeni data
15 fransmitted wirelessly from a plurality of sensors assosiated with an infant monitoring device,
the infant monitoring device configured to be worn by an infant;

a camera interface configured io receive sensor data from a camera, the camera
located in proximity io the infant, wherein the sensor data comprises visual data of the infani;
and

20 a processor configured 1o determine a physiclogical measurement of the infant
based on the measurement data received from the infant monitoring devics and the visual
data raceived from the camera,

{Aspsct 42)

The infant moniicring hub as defined in aspect 41, whersin the physioiogical

25 measursment ingludes temperature of the infant,
{Aspect 43
The infant monitoring hub as defined in aspect 42, wherein the plurality of sensors
includes a temperaturs sensor,
{Aspect 44
30 The infant moniicring hub as defined in aspect 41, whersin the physioiogical

measurement includes motion of the infant.
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{Aspact 45}

The infant monitoring hub as defined in aspect 44, wherein the plurality of sensors
includes a tri-axdal accelerometer.
{Aspect 46}

The infant moniicring hub as defined in aspect 41, whersin the physiclogical
measurament includes position of the infant,
{Aspect 47}

The infant monitoring hub as defined in aspect 46, wherein the plurality of sensors
includes a gyroscops.
{Aspect 48

The infant moniicring hub as defined in aspect 41, whersin the physiclogical
measurement includes galvanic skin response (GSR) of the infant,
{Aspact 49}

The infant monitoring hub as defined in aspect 48, wherein the plurality of sensors
includes a galvanic skin responss (GSR) sensor.
(Aspect 50}

The infant moniioring hub as defined in agpact 41, wherein the processor is further
configured to determing the physiological measurement of the infant by comparing the
measurement data and the visual data to an infant development modsl, the infant
developrnent modet recelved from a remote platform that generated the infant development
model based on aggregated measurement data and sensor daia from a plurality of infant
rnonitoring systems.

{Aspsct 51)

A method comprising:

recaiving measurament data at an infant monitoring device interface, the
measurement data fransmitted wirelessly from a plurality of sensors associated with an infant
monitoring devics, the infant monitoring device configured to be worn by an infant;

recelving sensor data at a camera interface from a camera, the camera located in
oroximity to the infant, wharein the sensor data comprises visual data of the infant, and

determining a physiclogical measurement of the infant based on the measursment
data received from the infant monitoring device combined with the visual data received from

the camera by using a processor,
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{Aspect 52}
The method as defined in aspect 51, wherein the physiological measurement

includes temperaturs of the infant,

{Aspect 53

The method as defined in aspect 52, wherein the plurality of sensors includes &

W

temperature sensor.
{Aspact 54}
The method as defined in aspect 51, wherein the physiological measurement
includes motion of the infant.
10 (Aspect 55}
The method as defined in aspect 54, wherein the plurality of sensors includes &
tri-axial accelerometer.
{Aspect 56}
The method as defined in aspect 51, wherein the physiological measurement
15 includes position of the infant.
(Aspect 57}

The method as defined in aspect 55, wherein the plurality of sensors includes &

gyroscope.
{Aspect 58)
20 The method as defined in aspect 51, wherein the physiological measurement

includes galvanic skin response {GSR) of the infant,
(Aspect 59
The method as defined in aspect 58, wherein the plurality of sensors includes &

galvanic skin responss {GSR) sensor,

b2
N

{Aspact 60}

The method as defined in aspect 51, wherein the processor is further configured to
determing the physiological measurement of the infant by comparing the measurement data
and the visual data to an infant development model, the infant development model received
from a remcte platform that generated the infant development modsl based on aggregated
30 measursment data and sensor data from a plurality of infant monitoring systems.

Thase and other embodiments are described further below with reference fo the

figures.
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[Brief Description of Drawings]
[Fig. 11 Figure 1 is a diagrammatic representation of one example of an infant monitoring

<

system,

W

[Fig. 2A] Figure 2A is a diagrammalic repressntation of one example of a data aggregation
system for gathering information about infants from a community of users monitoring infant
antivity.
[Fig. 2B] Figurs 2B is an example chari showing smile inlensily that may contiibute io the
meaning of smiles.
16 [Fig. 3} Figure 3 is a diagrammatic representation of cne example of an infant monitering data
aggregation and processing sysfem.
[Fig. 4] Figure 4 is a diagrammatic representation of one example of a wearable infani
monitoring device.
[Fig. 5A] Figurs 5A is & diagrammatic representation of one example of an infant monitoring
15 device and a wearable infant monitoring devics,
[Fig. 5B] Figure 5B i a diagrammatic representation of ona exampls of an infant monitoring
devics docked on a charging base.
[Fig. 5C] Figure 5C i¢ a diagrammatic representation of another example of an infant
monitoring device docked on a charging bass.
20 [Fig. 6] Figurs 6 is a flow diagram of one example of g procsss for providing measuremsnt
data associated with activity of an infant,
[Fig. 7A] Figure 7A i a diagrammatic representation of ong exampls of a monitoring hub.
[Fi

[Fig. 8] Figure 8 is a flow diagram of one example of a process for determining an infant’s

fee)

o)

. 7B] Figure 7B is a diagrammalic repressntation of anothsr example of a monitoring hub.

T
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davslopmental age ralative to the infant’s biclogical ags.

[Fig. 9A] Figurs 9A i & flow diagram of one example of a process for presenting custorized
learning content for an infant based on the infant’s developmental age.

[Fig. 98] Figure 9B i a flow diagram of one axample of a progess for presanting customized
laarning content for an infant based on the infant’s past performancs.

30 [Fig. 101 Figure 10 is a flow diagram of one example of a process for providing cusiomized

learning content based on parental prefarences.
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[Fig. 11} Figure 11 is a flow diagram of one example of a process for genserating a
customized playlist of educational materials.
[Fig. 12) Figure 12 is a flow diagram of one example of a progess for providing social media

recognition for completion of infant leaming content

W

[Fig. 13} Figure 13 is a flow diagram of one example of a process for detecling
accompiishments of an infent.
[Description of Embodiments]

Referance will now be made in detall to some specific examples of the invention in
order to provide a thorough understanding of the presented concepts.  Examples of these
10 specific embodiments are illustrated in the accompanying drawings.  While the invention s

described in conjunction with these spadific embodiments, it will be understood that it is not
intended {o iimit the invention to the described embodiments.  On the contrary, it is intended
to cover alternatives, modifications, and equivalenis as may be included within the spirit and
scope of the invention as defined by the appended claims.  The presentad concepls may be
15 practiced without some or ali of these gpecific details.  In other instances, well known
nrocess operations have not been describad in dstail so as to not unnecessarily cbscure the
described concepts.  While some conceplis will be described in conjunciion with the specific
embodiments, it will be undsrstoed that these embodiments are not intended to be limiting.
Verious technigues and mechanisms of the present invention will sometimes be
20 described in singular form for clarity,  Howsver, it should be noted that some smbodimenis
include muliiple iterations of a technique or muliple instantiations of a mechanism uniess
noted otherwise.  Furthermore, the techniquas and mechanisms of the prasent invention will
sometimes describe two entifies as being connected. it should be nofed that a connection

batwesan two entities does not necessarily mean a direct, unimpaded connaction, as a variety
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of other entities may resids between the two entities.  Consequently, a connection does not
necessarily mean a direct, unimpeded connection unless otherwise noted.

Conventional systems for infant moniioring typically allow caregivers to monitor
audio andlor video of an infant from a remats device such as a spaaker or portable device,
Howsver, thase monitoring systems are limited to providing only rudimentary monitoring of an
30 infanf.  Essentially, the moniioring systems allow a caregiver 1o hear and sge the infant from
a different location, such ag from another room within a home, A caregiver must guess

from the sounds and sights transmitted through the monitoring system about the infant's

15
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needs, mood, health, and wall-being.  Onoe the caregiver goss 1o the infant, the monitoring
system is no longer useful.
Some wearabis devices provide rudimentary heart rate or tempsraturs information

about an infant to a caregiver.  However, &l of these current monitoring systems are

W

extremaely limited in nature,  Caregivers can greatly bensfit from a more robust monitoring

system to improve the carg and development of their infants.

Verious embodimeants of the present disciosure relate to providing an infant
monitoring device that is wearable by an infant.  For instance, a wearable infant monitoring
devics can gather various measurements associated with the infant, such as motion,

10 temperdiure, position, arousal, eic.  These measurements can be transmiited to a
rmonitoring hub that can process the data into useful information that can be provided fo one
or more caregivers,  In some examples, environmental sensors can collect additional
measurement data, such as audio levels and video data, which can also be transmitied o the
monitoring hub.  In soms embodiments, the monitoring hub may inferget with remote

15 servers configured fo aggregate information from multiple wearable infant monitoring devices
in disparate logations,  Further, the term "infant” as used herein also refers to a baby.

According fo various examples, the moniioring hub processes the measurement
daia to provide information about an infant such as sleep, mobility, siress, position, comfort,
heaith, vigitance, articulation, receptivity to learning, infant wall-being, presence of caregiver,

20 environmental conditions, safety of the infant, emotional state of the infant, emotional

recepiivity, receptivity to learning, ete.  in some exampiles, this information can be provided

to a caregiver, such as through the hub directly or through a client device, such as a mobile
devics,  Additional recommendations about care for the infant can also be provided fo the

caragiver by the monitoring hub, according to various examplas.
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In particular embodiments, the measuremant data andfor procassed measuremant
data can be fransmitted to a remote platform, in various examples,  This remote platform
can collect measurement data andfor processed measurement data from numerous infant
rnonitoring devices in a community,  According to various embodimsnts, the remote
olatform is a remote infant developmental analysis platform. The remote infant
30 devslopmental analysis platform may use this aggregated data io determing various paitemns
and phenomena and use this data to form additional suggastions for caregiving, teaching,

efc. Forinstance, charls oninfant growth and development can be formed with the

16
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aggregated data.  These charts can then be transmitted to individual monitoring hubs and
caregivers can see how their respective infanis compars to the charts, ete.  For instancs, an
infant's developmental ags based on the charts can be compared with thelr biclogical ags.

In other examples, measuremant data can be used o develop modsls for when an infantis

W

receptive {o learning, etc.  Information from these modsls can be provided {o the individual
monitoring hubs and can be provided {o caregivers at appropriate times.  In yat other
examples, behavior models, sto. can be used to provide feedback to caregivers about how io
make iheir infants more comfortable, etc.
In some smbodiments, the measurement data can be used ig determine an infani’s
16 developmental age and select customized learning content for the infant based on the
developmental age.  According to various examples, cuslomized learning content can be
selected based on parental preferences.  In addition, sslected leamning content can be
organized into a customized playlist of aducational materials that can be presented through
the monitoring hub or a portal associated with the remote platform. I some examples, the
15 monitoring hub or remote platform can also interact with social media.  For instancs, when a
narticular module of learning content is completed, the maonitoring hub or remote platform can
provide social media recognition of this achisvement, such as through a post to a social
madia plafform.
With reference io Figure 1, shown is a diagrammatic representation of cne example
20 of aninfant monitoring system.  According to various embodiments, the infant monitoring
system is designed to be safe, secure, and sasy to use.  As shown, the gystem includes a
local monitoring systern 101 and a remote system 105, The local monitoring system
includes a wearable infant monitoring devics 111 and a monitoring hub 113, The remote

systemn 105 includes a platform 115, which is designed to coliect data from a community of
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users.  In various examples, information about an infant 107 is collectad at the waarabls
infant monitoring device 111, this information is processsd at the monitoring hub 113, and
models are developed at the platform 115,

According to various embodimants, the wearable infant monitoring davice 111
collacts data and provides notifications.  The wearable infant monitoring device 111is an
30 infant-friendly wearable device, which monitors infant aciivity and other infani related
biometric measures.  iIn one embodimant, the wearable infant monitoring device 111 s worn

on the ankle of an infant and collacts activity and emotional state data and receplivity to

17
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learning data.  For instance, the wearabls infant monitoring device 111 can collect data

ragarding an infani’s motions, orientation, and physiology.  In some examples, the targst

demagraphic for the infant is batwesn about 0-24 months of age.  Notifications can be

orovided at the wearable infant monitoring device 111 in some instances.  For instancs, an

LED on the wearabls infant monitoring device 111 can indicate {0 a caregiver 109 that the
attery charge is low or that the devics is currently charging, etc.

In the present example, measurement data assodiated with the infant is input 117
info the wearable infant monitoring device 111, This measurement data is then transmiited
119 10 amonitoring hub 113, This moniforing hub 113 can perform various functions,
depending on the desired application, such as data pre-precessing, ambient sensing, content
cache, and infant staius assessment.  In some examples, the monitoring hub includes
learning content and a schedule.  For instance, the learning conient may includs
information for carsgivers about what 1o teach to an infant and the schedule can indicate
when this content should be appropriately presented, such as bassd on age or
developmental level,  This learning content can be oblained from the platform 115 in some
embodiments.  More spacifically, the platform 115 may store various libraries of data,
models, schedules, ele. that can be accessed by the monitoring hub 113, Forinstancs, the
platform may store models such as an environmental suitability model (prediciing a rangs of
envircnmental conditions and expected infani characteristics corresponding fo thess
environmental conditions), infant orientation maodel (predicting & position of a infant based on
data such as motion and gaoposition), leaming recsptivity modsl (predicting & time and
duration when an infant will be receptive to leaming), health model {predicting a health
concern such as an epileplic seizure, lying in a prone position associated with increased risk
of SIDS, sic.), and development model {predicting measurements, observaiions, inferences,
or other metrics associated with an infant of a particular developmental age).  These
models may include thresholds for making various determinations, which can frigger
notifications to a caregiver.  For example, an environmental suitabiiity model can include
thresholds for sound pollution, visual clutter, andfor light ovar-intensity, and exceeding any of
these thresheids may trigger a determination that the environmental conditions are not
suitable for an infant.  The monitoring hub 113 can select and customize content from the
library to correspond to the needs and development of a particular infant 107 baing

monitored.  According to various embodiments, the monitoring hub 113 can also provide

18
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digital signal processing, a human interface, and dala seourity.  In some examples,
developrnent modeis can be evaluaied at the moniioring hub 113, Additionally,
rnodsl-based content adaptation can be provided at the monitoring hub 113 in somsa

applications.  Furthermore, the monitoring hub 113 may provide nofifications or suggestions

W

to a carsgiver based on a determination made at the monitoring hub 113 or platform 115,

For instance, i a determination is made that environmental conditions are not suilable for an

infant, the monitoring hub can make suggestions including ways to reduce nolse, light

intensity, visual clutter, etc.  in parlicular, suggestions may include closing windows, turming
off lighis, reducing the amount of toys or items in the room, eic.

10 Although not explicitly shown in Figure 1, a mobile device can also be included in
the iocal monitoring systern 101, In some embaodiments, the mobile device can
communicate with the monitoring hub 113 andior the wearable infant monitoring devics 111,
In addition, the mobile device can provide an interface to the local monitoring systern 101 for
the caregiver 109, For instance, the caregiver 109 may be able to view data about the

15 infant via the mobile device, including information such as biometric data, video, audio, efc.
In soms examplas, the mobile davice can act as the monitoring hub 113 itself.  According to
various embodiments, the mobile device can provide data pre-processing, sarly warning, and
remote observation,  The mobile device can also include sodial and environmental content.
In some instances, a caregiver 108 can input information about social and environmental

20 conditions andfor the mobile device can delect various conditions using inpuls such as a

microphone, camerg, efc.  In some examples, the mobile device includes content for the

caregiver about suggested social interactions or environmental augmentation or adjustrents
such as musio, lights, slc.

According fo various embodimenis, a caregiver 109, such as a mother, father,
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nanny, babysittar, or other primary caregiver, is the primary user of the data from the
wearable infant monitoring devics 111, The caregiver 108 can also provide information to
the sysiem such as developmental assessments, nominal infant habits, efe., such a through
a mobils device andfor the monitoring hub 113, Information can be provided fo the
caregiver 109 via monitoring hub 113 andfor a mobile device associated with the local

30 monitoring system 101, For instance, adapted conient, infant monitoring, and social

engagemsnt is provided through the monitoring hub 113 and/or the mobile device.
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In the present example, data from the monitoring hub 113 is fransmitted 123 to the
platform 115, For instance, raw data, including biometric data, eto. is sent to the platform
115, Information from the platform 115 can also be transmitted 123 to the monitoring hub
113, Transmission 123 to and from the platform may indlude encryption andfor
compression.  Eneryplion can be used to protect sensitive personal information, and
compression can aid in smooth and efficient transmission of the data.

Acecording to various embodiments, the platform 115 includes software that
facilitates features such as a parent portal, social interfaces, infant learming platform, and
content delivery platform.  Although not shown explicity in Figure 1, caregiver 109 may be
able to directly interact with platform 115, such as through one of these portals or platforms,
The platform 115 includes content such as infant profiles, infant de-identified data, learning
malerials, assessment materialg, and infant frends.  According to various embodimsnts,
information sent fo the platform 115 includes data such as development meatrics for individual
infants, stc.  In addition, the platform 115 parforms machine learning on aggregated
measurement data, sensor data, and any other developmeant metrics to generate models ihat
nradict upcoming behaviors, developments, activities, stc., according fo various examples.
For inslance, measurement data can be used 1o gensrale modeis bassd on patferns in
activity, and these models can be used by particuiar infant monitoring systems io predict an
upcoming activity.  Specifically, the patterns in activity can include aspects such as physical
activity, emotional signals, sleep patierns, behavior, stc.  The upcoming activity can include
aspeots such as sickness, sleep, mobility, strass, position, comfort, health, vigilancs,
articulation, receptivity to leaming, infant weil-baing, presence of caragiver, environmental
faciors, safsly of infant, andfor emotional stais of infant.

In one example filustrating use of the system shown in Figure 1, the wearable infant
monitoring device 111 provides continuous infant temperature monitoring and the caregivar
109 inputs information about diaper changes.  The system detects disturbances in the
room, such ag with a microphons that provides data to the monitoring hub 113, The
wearable infant monitoring device 111 than detscls maasurement data that is associated with
a startle response from infant.  The moniioring hub 113 determines that the infant 107 is
experiencing too many starfling responses.  iIn response, the monitoring hub 113 provides a
more soothing environment {8.g. using a projector, music, white noisg, etc.) or asks the

caragiver fo provide a more soothing environmend,

20
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In some implementations, the caregiver may aiso have a wearable davics {not
shown).  The caregiver wearable device can be used 1o infer when the caregiver 109 is
interacting with the infant 107, etc.  This information can ba used by the monitoring hub 113
andfor platform 115 {o assess the effsctivensss of certain interactions, efc.  In addition,
ronitoring the locations of the infant 107 and caregiver 109 can be used {o dert aboul a
wandering or stolen infant in some applications.

According to various embodiments, the system can be used for a single infant or
more than one infant.  For instance, a system can be used {o provids instructions for two
babies, such as twins or when a caregiver 108 is caring for multiple babies.  This allows the
caregiver 109 to interact with one menitoring hub 113 andfor moblle device, which can make
monitoring multiple babies easier and more efficient.  In such implementations, the
additional wearable infant monitoring device(s) can also communicate with a monitoring hub
113.

With reference o Figure 2A, shown is a diagrammatic repressntation of one
exampie of a data aggregation system for gathering information about infants from a
communily of users monitoring infant aclivity.  As shown, numerous monitoring systems,
such as monitoring system 203, 205, 207, 209, and 211 are part of an infant monitoring
community.  Any number of monitoring systems can b included, as indicated by the trailing
dotsinthe figure.  In some examples, the infant monitoring community 201 includes millions
of babiss sach associated with individual monitoring systems.  In thess examples,
development mstrics from thess millions of babies can be gathered at the platform 225 such
as a remote infant developmental analysis platform.  As refarred to harsin, aggregated
measursment data and sensor data includes development metrics such as measurement
data from moniioring devices and sensor data from peripheral devices gathered from the
infant monitoring community 201, Similarly, aggregated observations, inferences, efe. refer
{0 data aggregaled from the infant monitoring community 261,

In the pressent example, the monitoring systems 203, 205, 207, 209, and 211 are
each like the local monitoring system 101 in Figure 1. Ag sueh, each monitoring system
203, 205, 207, 209, and 211 is associated with a differentinfant.  Each of the monitoring
systems 203, 205, 207, 209, and 211 can communicate with the plaiform 225, According to
various embodiments, information sent to the platform 225 from the monitoring systems 203,

205, 207, 208, and 211 includes develepment metrics, andfor any other data gathered by
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each of the respective monitoring systems.  These development melrics {andfor other data)
can be usad as input fo backend machine learing at the platform 225,
According to various embodimants, content such as content libraries and

s

narameterized infant development models can be siored at the platform 225, This content

W

can be shared with the monitoring systems 203, 205, 207, 209, and 211, Forinsfance,

information can be sent to a monitoring system 203 in response to a requsst from the

monitoring system 203, In other examples, information can be sent to a monitoring system

205 &t a particular developmental time associated with the infant being monitorsd by

monitoring system 205, n yet other examplas, information can be sentin response to a

10 receipt of development meirics from a particular monitoring system 207, As described
above with regard to Figure 1, platform 225 includes features such as a parent portal, social
interfaces, infant learning platform, and content delivery platform.  Each of the monitoring
systems 203, 205, 207, 208, and 211 can access these features at the platform 225, In
some embodiments, a parent porial can allow a caregiver to directly communicate with the

15 platform 225, such as through a mobile device or compuier, without having to communicate
through a local monitoring hub.  In addition, the platform 225 includes content such as infant
profile, infant de-identified data, lsarning malerigls, assessment materials, and infant irends,
which may also be accessible to moniioring systems 203, 205, 207, 209, and 211 in various
embodiments.

20 According to various embodiments, machine learming can be used to devslop

modeils such as development models, health modelg, kinematic models, and dynamic models

at platform 225, These models can be developed using the information gathered from the

monitoring systems 203, 205, 207, 209, and 211 from the infant monitoring community 201,

Specifically, the gathered data can be used at the plaiform for ressarch.  The gathered data
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can be used to discover new matrics, develop population statistics, spot trends, ete. For
instance, applying unstructured machine learning to the vast amount of gathered
measurement data, such as weight, age, gender, iocation, associated with numerous habies,
various predictions can be made and modsls developed.  For exampile, models can be
developed regarding how fo impart learning, social interactions, efc.  Other examples

30 include discovering trends or markers, such as characteristics that indicate an infant might

gat sick soon baged on its slaepiwake patterns.
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Verious aspects can be observed and studied at the platform 225 with the help of
machins learning.  Some examples include wake/sleep prediction, walking defection,
detecting quiescent windows, determining whan an infant is missing, determining alertness,

and predicting an infant's raceptivily o leaming.

W

In one example, wake/slesp predictions can be sfudisd at platform 225,
Specifically, activity monitoring can be used to idsentify wakefsleep transitions.  Basedona
previcus week's slespfwakes transitions, a next transition can be predicted.  This type of
prediciion is based on pulse train completion.  The tims saries of wake/slesp is a pulse train
that should {for heaithy slesp patterns) have regular puise width and spacing. By
10 estimating those parameters, the onset of the next wake/slsep fransition and the duration of

the subsequent state (whether waking or sleeping) can be predicied.  As an infani grows,
the characteristic spacing and width of the pulses will change {eventually converging on a
long duration of slesp at night with shorter naps throughout the day for a healthy infant),
Thess changss typically happen on the fime scale of months, 50 slesp predictions may lock
15 attime frames on the order of the last wesk. By observing paiterns on this time scals,
changes in the slaep patterns can be pradicted on a faster time scale than those patterns
avolve,
Gathering wake/sisep patierns from a myriad of babies and analyzing this data can
help form models of healthy patterns &t different developmental levels or ages.  Babies
20 typically nesd different amounts of sleap in different cydes, depending on the infant’'s age.
For instance, a newborn may need aboui 16-20 hours of sleep per day, a 3-week-old may
need about 16-18 hours of slesp per day, a 8-wesk-old may naed about 15-16 hours of gleep
par day, a 4-month-old may need about 8-12 hours of slesp per day plus two naps of about

2-3 hours each, a 6-month-old may need about 11 hours of sleep par day plus two naps of
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about 1.5-2.5 hours each, a 9-month-old may need about 11-12 hours of sleep per day plus
two naps of about 1-2 hours sach, a 1-year-old may need about 10-11 hours of sisep psr day
plus two naps of about 1-2 hours each, an 18-month-old may need about 13 hours of sleep
ner day plus two naps of about 1-2 hours sach, and a 2-year-old may need about 11-12
hours of slesp per night pius one nap of about 2 hours long.

30 Yarious factors can be used {o predict sleep schedules, such as Galvanic Skin
Responsa (GSR) activity (.2, arousal), last known slesp cvdcle, audio detected by a sensor,

efc. In some examples, models are created for predicting predict sleep schedules basad on
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an infant’s data and/or aggregated data from numerous bables.  According to various
embodiments, the sensors include mechanisms for determining whether the infant is prone or
suping or in some other position.  Senscors may include accelerometer, magnetic sensors,

gyroscopes, motion sensors, step couniers, rotation vector sensor, gravity sensor, orlentation

W

sensor, and linear scosleration sensor.  According lo various embodiments, it is recognized
that is particutarly ussful in the infant context to determine infant position, such as whethsr
the infant is resting supine, prons, sitling, st
A wearable casing for the sensors may be womn by an infant in a particular manner
such that directionality is known,  For example, the wearable casing may be an ankiet,
10 bracslet, sock, shos, diaper, or included in aonesle.  An indicator may be included on the
wearable directing a caregiver on the appropriate positioning or directionality of the wearable,
In addition, observations can bs made about the infant’s sleep paiterns and sleap siats, and
the infant's level of fatigue can be estimated in some examples.  For instancs, if the sleep
scheduls for the infant indicates thal the infant is normally aslesp at this time but is not
15 currently asleep, then a guess can be made that the infant is probably Tatigued,
Specifically, if the infant is usually napping at this time and is currently awake, a guess can
be mads that the infant may be irritabls.  In some applications, suggestions can be made lo
the caregiver regarding providing a calm environment for the infant io promote sleep,
avoiding stimulation or teaching, efc.  According to various esmbodiments, models
20 developed at the platform 225 can also be used to predict development for a particular infant
when the particuiar infant is compared to these models,
In anothar example, detection of walking can be studied at platform 225,
Specifically, activity data from ths infant monitoring community 201 can be used lo determine

when an infant is waiking or moving in various ways.  For instance, pre-walking may includs
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smooth accelsrations, whereas walking may include sharp spikes in accelsration associated
with foot falls at reasonable periods. Also, joint angles and bone positions with respect to
modeis that include forso bounce and ground reaction force can also indicale whather an
infant is walking or moving in soms other way. By analyzing data about infant movements,
rmodels can be predicted regarding walking detection. In some axamples, the measurement
30 dala assooiaied with an infant can be combinad with information provided by & caregiver
ahout when the infant walkad, etc.  Compering a particular infant’s walking to modeis can

help predict the infant’s developmental age, stc.  Mechanisms for developing medels
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relating to walking, efc. can also be applied o data seis outside the infant category.,  For
instance, this system could also be used with physical therapy patients of all ages.

In anothar example, mechanisms can be used at platform 225 {0 determing
‘quiescent windows,” when an infant is inaclive, quist, and still.  Devsloping models
predicting these “quisscent windows” and using them at the monitoring systems can lift
haalth and hygiene of the bables, such as by increased use of diapsrs.

In yet another example, a missing infant can be detected based on modsls
developed at platform 225, Predictions can be made about when the infant is moving not
under its own power,  For instance, patterns of movemant or location can be studied o
delermine when an anomaly is defected.  In some examples, geclocation can be included
to indicale when infant is traveling with someone other than an authorized caregiver.  in
some applications, a caregiver can be nolified 1o check on the infant and confirm the infant's
whereabouts.  This can be particularly helpful in keaping babies safe not only from
abductions, but also if the infant is inadvertently lefl in a car or other location.  Furthermors,
this technology could be used with clder children to determine if they have wandered off, slc.

In anothar example, alertness of an infant can be studied at platform 225,
Specifically, measurement data can be studied to detect when an infant is alone and dlert,
and the length of iime the infant has been alone and alerl.  Detecting when an infant is
alone can be based on facters such as background audio analysis, but is complicated by
situations whers the infant is not actually alons, but is just being ignored.  Input from
caregivers can also be included,  Models can be used to prediot when babies might benefit
from interaction or lsarmning experiences.

In another example, receplivity fo leaming can be studisd at platform 225.
Determining appropriate windows of time for an infant’s receplivity to learing can help
caragivers know when to present teaching matarials or interaction in a mors productive
manner.  Inorder to defermine these appropriate windows, numerous factors can bs
congidered.  Specifically, data such as sleep/wake cycles, vocalization, temperalure, age,
gender, weight, and other biometric measures collectad from infant monitoring cormmunity
201 can be considered.  Additionally, data from one or mere of an intentionality detecior,
gaze detector, shared aftention dstector, and cognition detector can he used to dsfermine an
infant's receptivity to lsarning.  Furthermors, data about an infant's environment, such as

audio levels, fime of day, location, sthnicity, stc. can alsc be considered.  Additional data
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from cne or more caregivers, such as diaper changes, self-reporting, and lesson feadback
can also be considered.  This data can be analyzed to hslp determine when an infant is
rnost recaptive 1o learning and what type of material is appropriate to present at a particular

time. Models can be created that indicate windows of receptivity to learning and the

W

appropriate teachingflearning materials.  These models can be used &l individual monitoring
systems for application to individual babiles.  For instance, the abssnce or presence of
specific stimulation, as indicated by the system or from caregiver input, such as auditory,
sensory, tactile, ste. can be used to sslect an age-weighted, progress-weighled isarning
program from a model developed at the platform 225, Specifically, knowing the ags of the
16 infant can help determine whether physical, cognitive, or language learning materials should
be pressnted.  For example, babies betwasn about -3 months may be receplive to
learning gross motor skills, babies between aboui 3-8 months may be raceptive to learming
gross motor skille and language, bables betwaen about 9-18 months may be receptive to
learning fine motor, language and social skills, and babies bstween about 18-24 months may
15 be receptive to Isarning fing motor, language, social, and discrimination skills. At cartain
ages, there may be a hisrarchy of lsarning, wherein the infant is receptive to multiple skills,
hut that these skills can bs pressnted in & hisrarchy bassd on the infant's developmental
level.  According to various embodiments, a particular infant monitoring system can predict
windows of receptivity when an infant is receptive o learning.  In thess embodiments, the
20 infant monitoring system procssses measursment dala and selects and custornizes learning
materials appropriate for the infant.  The leaming materials can be customized based on
factors such as the infant’s developmental age, readinass, pravious learming sxperiences,
carsgiver feedback, sto.

Yarious features can be used 10 assass an infant’s receptivity, such as an
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intentionality detector, gaze detector, shared attention detector, and cognition detestor.  In
one example, an emotional intensity hypothesis can be used fo determine an infant's
recepiivity to learning.  In particular, an infant’s smile amplitude can be measured based on
data from a camera or other input device in a monitoring system, and the infant's receptivity
can be correlated.  With reference to Figure 2B, shown is a graph #lustrating various smile
30 amplitude versus various facial expressions.  Thess facial expressions can indicaie the
amount of enjoyment an infant is experiencing at a given time.  The information in this chart

can be used along with data from an infant monitoring system such as a camera feed, audio
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levels, stc. to determine when an infant isin a good state to learn.  In the graph shown in
Figure 2B, approach and withdrawal indexed by patisms of gazing and movermnsnt during
gamas contribute to the meaning of smilss {(Fogel et al,, 2006).  For example, during

neskaboo games, infanis tend o gaze at the parent during &l types of smiles, suggesting

W

approach-oriented visugl altention.  During the dlimax of lickle games, by contrast, infants
engaging in opsn-mouth smiles with eye constriction show mixed patterns of both gazing at
and away from parents.  Such patterns may correspond to feelings of enjoyment of active
parlicipation in a highly arousing situation and enjoyment of escape.  These findings
suggest that the same smiling actions can reflect different positive emotions depending on
16 co-cocurring infant action and the dynamics of social process.
According fo various embodimenis, the coordination of smiles with gazing changes
and becomes mors pracisely paiterned with age.  Simulation studies suggest that, at 3
months, the pattern of gazing away during a smile actually ocours less than expacted by
chance. The simulation studies indicate that 3-month-olds tend o begin and end their
15 smiles within the course of a gaze at the parent’s face.  That is, sarly expressions of
nositive emotion are dependent on continuous visual contact with the parent. By 6 months,
infants redirect their attention after sharing positive emolional expressions with their parenis,
They tend to gaze at mother’s facs, smile, gaze away, and then end the smile.  Such gaze
aversions—at least among 5-month-olds playing peekaboo—tend o ocour during higher
20 intensity smiles and smiles of longer durations.  Accordingly, information gathered about
an infant’s smiles and gaze can aiso help io determine an infant's ags, eic.  In turn, this can
help determine what type of learning materials or activities should be presentad to the infant
during a window of raceplivity.

According fo various embodimenis, analysis at plaiform 225 is an ongoing process.

b2
N

Verious observations, patterns, models, can continually bs discovered, refined, elg,
Consequently, thess modsls can change over time based on ths input from the infant
monitoring community 201, In some examples, expert modsls can initially be used and
replaced with continually refined modsls.

With reference to Figure 3, shown is a diagrammatic reprasentation of one example
30 of aninfant monitoring data aggregation and processing system,  This sysiem includes an
infant monitoring device, environmental sensor(s), and a monitoring hub,  Measurament

ata is gathered by the wearebie infant monitoring device and environmental sensors and
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sent to the monitoring hub for processing.  As shown in the diagram, wearable infant
monitoring device data 301 gathered by the infant monitoring device includes motion 303
(i.e., activity}, temperature 305, position 307, and arcusal 309, In some examples, the
nesition 307 can include a geoposition of the infant.  Environmenial sensor(s) data 311
gathered from devices such as microphones or cameras includes audio levels 313 and video
stream 315, Howsver, in some examples, the environmental sensors can be omitted, such
as when a simplified system is employed.  For instance, if the system is used during an
outing, cameras, peripheral devices, ste. may be disconnscted and only input from the
wearable infant monitoring device may be used.

In the present example, the monitoring hub receives data from the wearable infant
monitoring device and the environmental sensor{s).  According 1o various embodiments, the
data is collected continuously around the clock.  In some examples, this may mean periodic
but consistent meniforing, such as & designated intervels of time.  Hub processing 321 can
be applisd o the data received to yisld various observations 351 and infersnces 353,

Some of the observations 351 that can be made af the monitoring hub based on data
reasurements include dleep 323, mobility 325, stress 327, position 329, comfort 331, health
333, vigilance {8.g. infant atlention, cognitive responsiveness) 335, and articulation {i.s.,
spesch articuiation) 337, Some of the inferences 353 that can be made at the monitoring
hub based on measurement data include receptivity o learning 338, infant wall-being 341,

-
/
i

pregsence of caregiver 343, environmental faciors 345, safely of the infant 347, and emotional

state of the infant 348, Although observations 351 and inferences 353 are shown as
diffsrent categories, various items can be catagorized in sither set without deviating from the
soope of this example.

Numerous combinations of measurement data from the wearable infant monitoring
davice andfor the environmantal sensor(s) can be used to make observations or inferences.
According to various embodiments, dala is first collected about the infant, the data is scaled,
and then a model or prediction is applied to the infani.  Specifically, aggregated data can be
collacted at the platform, as described above with regard to Figure 2, and modsls,
oredictions, slo. can be developed.  These models, ein. can then be accessed from the
platform by individual monitoring hubs. A particular infant monitoring system can then
parform hub procaessing 321 that can use these models, efc. fo analyze measurement data

for a particular infant.
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Observations andfor inferences can be made for a particular infant and made
available {o a caregiver.  This information can help the caregiver betier care for the infani,
In soms examplas, the information can be used o provide guidancs or advice to caragiver,

such as through the monitoring hub andfor moblle device.  For instance, hub processing

W

321 may determine that the infant is currently in a particular position 329 (also referred io as
orientation) that may correlats with a breathing problem {associated with SIDS, elc.) or
non-preferrediunsate position.  This observation 351 can lead to a notification o the
caregiver aboul this finding.  In some examples, the notification can also includs
regcommendations about how to reposition the infant, efc.  In another exampis, the infant's
16 growth can be menitored, such as by caregiver input 355, or by a sensor such as a scale (not
shown) that is connecled o the sysiem as & peripheral device.  This growth can be used to
estimate the infant's developmental age and from this information a schedule can be
devaloped at the hub cutlining when an infant should be taught something,  Inyet other
examples, motion 303, such as a shake of the infant’s hand can be monitored to determine
15 motor development, blood flow can be monitored and correlated {o brain development, and
electrodermal activity can be monitored to predict haalth 333 ocourrences such as epileptic
seizures.  In another examiple, predictions about the infant’s activity can be made using
data from the acceleromsier and G3SR, as described in more detail with regard to Figure 4.
Based on this data, a pradiction can be made about whether the infant is awake/aslesep,
20 eating, crawling/walkingfrunning, sfo.  Various inputs can be monilored o vield observations
and predictions about the infant,
Various observations 351 can be made about the infant based on measuremant
daia associaied with the infant.  For inslance, sleep 323 obssrvations can be used to

predict the upcoming sleep patterns of the infant, and can dert the caregiver if sleep patterns
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are disturbed.  For instancs, if the slsep patlarns are disturbed, this may indicate that the
infant is getling sick, etc.  Observations about mobility 325 can help determine how ths
infant is moving relative to its davslopmental age and can be used to advise the caregiver
about how to teach or help the infant at a developmentally appropriate level.  Cbservations
about stress 327 can help determing if there are conditions that could be changed to reduce
30 theinfant's eiress.  As mentioned above, position 329 can be observed o ses if a current
pogition is associated with a non-favored or unsafe position and the caregiver can be notified.

Pesition 328 can also refer io the infant's orientation, such as whether the infant is lying
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down, standing up, crawling, walking, sto.  Furthermore, the infant's orientation can includs
whether the infant is prone or supine.  These cbservalions can be made based on data
such as motion 303 and position 307, Observations about comfort 331 can be made and

findings can be provided.  Observations about health 333 can alsc be made, such as

W

whather the infant's ternperalure constitutes a fever, ste.  Observations about vigilance 335
inciudes whather an infant is alert and awake, eic.  |n addilion, chservations about
articulation 337 may include detecting speech articulation using snvironmental senseor data
311 such as audio input.  Although particular examples of obssivations are shown and
described, it should be recognized that additional observations can also be mads within the
16 scope of this disclosure.  Likewise any combination of observations {such as a limited set of
those shown) can be used depanding on the desired operaiion of the sysfem.
Various inferences 353 can be made about the infant based on measurement data
associated with the infant.  For instance, inferences about the infant's receptivity to lsaming
339 can be made.  As described above with regard to Figurs 2, various faclors can be used
15 1o assess recepiivity fo learning 339 such as developmental age.  Thess inferences can be
used to determine when andfor what the infant should be learning.  Providing appropriate
learning materials (such as advice to the caregiver about what fo isach or how {o inisract with
the infant} at the appropriate ime can help with the infant’s brain development,  Inferences
ahout the infant's well-being 341 can be made in some examples.  For instancs,
20 congidering factors such as the health and emotional stale of the infant can indicate the
infant's overall well-being.  In some examples, these inferences can help 1o determing how
effective a particular caregiver is mesting the infant's needs, etc.  Inferences about the
presencs of a caregiver 343 can also be made.  For instancs, measurement data from the

infant monitoring device andfor a caregiver device can indicate whether the caregiver is

b2
N

present at a particular time.  Inferences about snvironmental factors 345 can also be made,
For instance, environmental sensor daia 311, such as audio levels 313, can be used &
asssss what is good for the infant versus what is not good for the infant.  In some

examplas, the system can use a predictive model to identify If an environment is cognitively
good for an infant, using factors such as visual clutter, sound poliution, light over-ntensily,

30 notenough interaction, etc.  Specifically an environmental suitability model can be used that
reflacts a relationship betwaen a range of environmental conditions and expected infant

characteristics corresponding o these environmental conditions.  For example, visual
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chutter may be associated with & higher degree of stress, sound poliution may be associated
with less {or lower quality) sleep, sfc.  Additionally, inferences can be made about safety of
the infant 347, In some examples, safety may include the infant’s position (a.¢. "pack to
steap”), and other physical safely featurss.  In other examples, safsty may includs whether
the infant is "missing,” such as if the infant has wandered off, fallen, or besn {aken by an
unauthorized caregivar.  Inferences about the emotional state of the infant 349 can alsc be
made, such as whether the infant is stressed, etc.  In some sxamples, these inferences can
help to delermine how effective a parlicular caregiver or interaction is for placating the
infant's sfress.  In other examples, thess inferencas can be used o determine what types of
activities, envircnments, schedules, stc. best suil this particular infant.  Although particular
examples of inferences are shown and described, it should be recognized that additional
inferences can also be made within the scope of this disclosure.  Likewise any combination
of inferences {such as a limited set of those shown) can be used depanding on the desired
opseration of the system.

With reference o Figure 4, shown is a diagrammatic reprasantation of one example
of a wearable infant monitoring davice,  The wearable infant monitoring device 401 is an
infant-frisndly wearable device, which monitors infant aciivity and other infani related
biometric measures.  As shown in the present example, the wearable infant monitoring
device 401 includes a wearable casing 403 and an infant monitoring device 405, According
{o various embodiments, the infant monitoring device 405 is detachabls from a wearable
casing 403, examples of which are described with regard to Figures 5A-5C.

In one embodiment, the wearabla infant monitoring device 401 allows the infant
monitoring device 405 fo be worn on the ankle of an infant.  The infant monitoring device
collects activity and emotional state data.  In the present example, this data is collected
continuously around the clock.  Specifically, infant monitoring devies 405 collects data and
provides notifications.  In various exampies, the infant monitoring device 405 can be used
for datalogging.  According to varicus smbaodiments, the device is expeciad to store daia
from multiple sensors and also do maderate processing of the data from the sensors. This
processing may include filtering, dimensionality reduction and dleanup of the raw data.
Because the device is also intended for uss as an infant monitor, low-latency processing of
some sensors 8.4, position may be required.  However, in some instancss, the infant

monitoring device 405 may not store content, By including less content andfor other
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features, the infant monitoring device 405 can be designed with a smaller size fo allow for a
more comfortable experience for the infani.  In addition, including fewsr features can also
reduce complaxity of the device, and thereby reduce possible malfunctions, ete,

In the present exampls, infant moniioring device 405 includes various components,

W

such as tri-axial accelerometer 407, lemperature sensor 409, gyroscops 411, galvanic skin
rasponss (GER) sensor 413, processor 415, memary 417, light emitting dicde (LED) 421,
transmission intarface 423, charging interface 425 and battery 427, The tri-axial
accslerometer 407 measures an infant’s activity, such as movements regisiering more than
about 50 Hz in some axamples.  The acceleromeler data is used to measure the infant’s
16 movement.  The lemperature sensor 409 measures the infant's body temperature,
According fo various examples, the infant’s body temperalure is continuously monitored,
The gyroscope 411 measures the infani’s orientation.  The GSR Senscor 413 measures
galvanic skin resistance {GSR),  For instance, the GSR sensor 413 can measure the
amount of sweal or moisture defected on the body.  The GSR is a low latency arousal
15 measuremsnt, and can be used to measurs the infant’s straess levels.

In the present example, the processor 415 gan be an ARM Cartex MO-M3, or the
like, depending on the application.  In soms examples, the processor 415 can have limiled
or no digital signal processing (DSP).  The memory 417 can be of any size, depending on
the application.  In some examples, the memory 417 can have asize of 384 kb, The

20 transmission interface 423 can be used o commiunicate with a monitoring hub 426,
Specifically, measuremeant data can be sent from the infant monitoring devics to monitoring
hub 429, According fo various examples, fransmission interface 423 canuse a
transmission protocol such as Bluetooth LE (BLE 4.0}, although any suitable protocol can bs

used.
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In the present embodiment, the infant monitoring device 405 includes an LED 421

that can comimunicals status information to a carsgiver,  Forinstance, the LED 421 can

indicate that the devics is charging when the LED is illuminated.  In some examples, the
LED can be a single neo-pixel LED,
According to various embaodiments, battery 427 stores charge for operation of the
30 infant monitoring device.  One type of bailtery that can be used is a Li-Po battery (110mAh),
which is adequate for a day's operation.  Howaver, any typs of battery can be usad,

depending on the application and desirad use.  In some examples, the battery can be
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racharged via a charging interface 425 that can be periodically placed in contact with a
charging base 431, Forinslance, the device can be charged using contact andior wirsless
inductive charging.  If the baftery life can be expected {0 last at lsast 24 hours in the present

example, then the device can be charged once perday.  The battery 427 andfor charging

W

interface 425 includss a charge cirouit in some instances.
According to various embodiments, the wearable infant monitoring devics must be
safe, secure and easy to use.  In the present example, the infant monitoring device 408 is
waterproof and hypealisrgenic.  In addilion, the wearable infant monitoring device contains
no serviceable parts and the electronic components are compistely sealed in this exampie.
10 In some examples, the target demographic for the infant is between about §-24
months of age.  Of course, this age rangs can be expanded or contracted depending on the
particular appiication or needs heing addressed.  In addition, aithough the wearable infani
monitor device may be used primarily indcors in some applications, the infant monitoring
device oan also be used ouidoors gocording o various embodiments.  For instance, the

15 infant monitoring device can be used during an ouling of trip.  If the infant monitoring
system includes one or mare peripheral davices such as a camera, microphons, elc, that is
located in a stationary position like the infant's room, certain features may not be available
when the device is used outdoors.  Howevar, coniinuous menitoring of the infant can
continue for measurements such ags temperaiure, activity, GSR, positicn, stc. remotely in

20 some examples,

Figures BA-5C illusirate exampies of infant monitoring devices being used in
diffsrent contexts,  With reference to Figure 5A, shown is a diagrammatic representation of
one example of an infant monitoring device and a wearabls infant monitoring device.,  In

particular, infant monitoring device 501 is shown with a base 507, body 505 and LED window

b2
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503, When the infant monitoring device 501 is engaged 509 with waarabls casing 515 the
wearable infant monitoring device 511 is ready to wear by an infant.  For instances, the
wearable infant monitoring device can be worn around the ankle of an infant and the ends
¢an be secured, such as by a snap or other closure.  In some examples, the infant
rnonitoring device 501 can be engaged with the wearable casing 515 through a snug #it,

30 wherein the body 505 overlaps one side of the wearable casing 515 and the base overlaps
the other side.  In such examples, the body 505 and bass 567 may be connactad with a rod

that has a smaller cross-section than that of the body 505 or base 507, Furthermore, in
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these examples, the wearable casing can be made of an slastic malerial that allows some
streiching fo fit and seours the infant monitoring device 531, in other examples, the base
507 may slip into a pocket or sleeve located in the wearable casing 515.

<

Although a particular example of an infant monitoring device 501 and wearable

W

casing 515 are shown, various designs and configuralions are possible within the scope of

this disclosure.  Spacifically, infant monitoring device can be made in any of a variaty of

shapes. Forinstance, the body 505 can be square instead of aircular, the base 507 can be

ciroular instead of square, sfe.  Furthermore, the wearable caging 515 can be mads in

various shapes and designs.  Forinstancs, the wearable casing can alternaiively be

16 designed as a continucus loop that may or may not be adjustable in diameter.  in other
examples, different fastening devices can be used io secure the ends of a wearable casing
515 such ag a buckie (wristwalch style), mating sides that snap fogsther, slc,

With reference to Figure 5B, shown is a diagrammatic representation of ons

exampie of an infant monitoring device docked on a charging base.  As shown, the charging

15 base 518 is part of an infant station.  According to various embodiments, an infant station
includes various features such as a charging station (shown in the present axample with an
infant monitoring device 501 docked fo it), peripheral devices, slc.  The peripheral devices
include components such as a projector 517, camera, microphone, spaaker, screan, input
device, elc.  In soms examples, the infant station includes software that allows data

20 pre-processing, ambient sensing, conlent cache, and infant status assessment.

Furthermore, the infant station includes content such as learing content and schedule(s), in

some instances,  In addition, the infant station can operate as a monitoring hub in some

examples,

In the present example, the charging station can be induction-based.  The
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projector 517 may bs used to display lighis or images in an infant's room, efc.  Although not
shown, the infant station may include a power cord that can bs plugged inio an oullel, or the
like, which can provide power for the various components of the infant station.  In some
examplas, the peripheral device(s) can be removable from the infant station,

With reference to Figure 5C, shown is a diagrammatic representation of another
30 example of an infant monitoring device docked on a charging base.  in particular, the
charging base 521 includes a plug 523 that can be used to provide charge via a USE port,

micro USB port, etc.  As shown, an infant monitering device 501 is docked on the base 521,
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In the present embediment, the charging base is induction-based.  However, alternative
connsctions can be implemented within the scope of this disclosure.  This ype of charging
hase may be convenient if the infant monitoring device 501 is usad remotely such as during

travel or an cuting, especially if a mobile device is used by a caregiver to view monitoring

W

information.  The charging base can be ussd with the mobile devics to charge the infant
monitoring device 501 on-the-go becauss the charging base is small and easy {0 pack, store,
and use.
Figure € is a flow diagram of one example of a process for providing measuremsnt
data associated with activity of aninfant.  In the present example, aclivity of an infant is
10 delected at 601, This activity is detecied by an infant monitoring device, as described
above with regard to various embodiments.  Defection may be based on a change in
measuraments, such as movemeant or a temperature change, in some examples.
Alternativaly, delsction may correspond to periodically detecting activity based on a
scheduls, settimes, ste.  The infant monitoring device then gathers measursment data
15 corresponding to the aclivity at 603, This measuremsnt data includes information such as
rnotion {i.e,, activity), temperaturs, position, and arousal, as also described above with regard
to various smbodiments.  The measurement data is then transmitied to a monitoring hub at
605, Asdescribed above, the monitoring hub can then process the data and provide
information about the infant’s activity to a caregiver.  According io various embodiments, the
20 monitoring hub can also provide this data o the platform for further analysis.
In the present embodiment, the infant monitoring devics can also include a check o
rnake surs its battery is sufficiently charged at 807,  If the battery charge is low, a light
signal can be illuminated to notify the carsgiver 609 to chargs ths infant monitoring device.

For instance, an LED located on the infant monitoring davice can be iiluminated.
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Altarnatively or additionally, a notification can be sent to the caregiver via the monitoring hub
andfor a mobile device to chargs the infant monitoring device.  If the batiery charge is not
found to be low, no notificaiion is provided.  As shown in the present embodiment, this
hattery charge chack is parformed after measuremant datais provided, By indluding the
battery check as part of this process, the battery is checkad often.  However, it shouid be
30 recognized that the battery check at 607 and notification 803 can be omitted from this
process in soma examples, and the battery chack can bs performad at other timss, such as

at periodic intervals or set times.
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Figures 7A-7B ilustrate examples of moniicring hubs.  Various configurations can
be used for a monitoring hub within the scope of this disclosure.  With reference fo Figure
7A, shown is ong example of 2 monitoring hub.  As describad above with regard 1o various
examples, a menitoring hub 701 can receive measurement data from an infant monitoring
devics 727 and can process this measurement data &t the moenitoring hub 701,

According to various embodimenis, monitoring hub 71 can provids data
pre-processing, amblent sensing {local sensing of environment, vibration sensing, audic
$ENsors, cameras), conient cache, andfor infant stafus assessment.  The monitoring hub
701 can also include learning content and scheduie(s).  In addition, the monitoring hub can
orovide digital signal processing, a human interface, and data securily.  Furthermors,
model-based content adaptation can be provided at the monitoring hub 701, Accordingly,
models and library content obtained from ihe platform 731 such as a remols infant
devalopmental analysis platform can be tailored for the infant's developmental age and
needs.  Speifically, devslopment models can be evaluated at the monitoring hub 701 and
content from the library can be selected and cusiomized.  One example of content
adaptation as applied 1o interactive activities includes selecting a sequence of interactive
activities that is devslopmentally appropriate and dossn't exhaust the infant.  In particular, a
detsrmination can be made about a particular infant's developmental age and the duration of
an interaction window appropriate for this age.  Using this information, content from the
content library stored &t the platform 731 can be selecied and adapted o be appropriate for
the infant.  This adapted conteni can then be pressnted to the infant during an appropriale
interaction window.

In the present example, the moniforing hub 701 includes a processor 703, memory
705, persistent storage 707, display or display interface 709, projector 711, sensors 721
{including camera 723 and audio sensor 725), infant monitoring device interfage 713,
charging base 715, client device inlerface 717, and platform interface 719, Although
particular components are shown, it should be recognized that soms of these components
¢an be omitted without deviating from the scope of this disclosure,  For instance, the
orojector 711 could be removed.  Additional components can alse be included depending
on the desired operation of the monitoring hub 701,

According to various embodimentis, the monitoring hub 701 can act as an infant

station, such as that described with regard to Figure 5B, In these embodiments, the infant
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station includes software that sliows data pre-processing, ambient sensing, content cachs,
and infant status assessment.  Conteni thal can be included includes leaming conient and
scheduls{(s).

In the present embadiment, processor 703 and memory 705 canbe used to

W

process data measurements recsived from infani moniloring device 727, Specifically, this

data can be progessed to davelop cbservations and/or inferences as described above with

regard fo Figure 3. In addition, procsssor 703 and memory 705 can be used fo customize

content for the infant such as learning malerials ic be age appropriate.  Persistent storage

707 can store conteni and schedule(s), as well as any models, charts, efc. received from the

16 platform 731, Furthermors, persistent storage 707 can store information specific fo the
infant.

In the present example, digplay or display interface 708 allows a caregiver to view
andfor interact with the monitoring hub 701, For instance, nofifications, alerts, suggestions,
eic. can be displayed for the caragiver through the display or display interface 709, In some

15 instances, the display may he a screen or monitor.  In addition, an input device, such as a
kevboard may be included, especially if the digplay is not touch sensitive.  In other
instances, a display interface may include a port that allows a monitor 1o be connecled as a
paripheral device.  In addition, the monitoring hub 701 can be connected to a computer
such ag a laplop, deskiop, slo.

20 In some examples, a projector 711 can be included as part of the monitoring hub

701, Forinstance, a projecior 711 can be included as part of an infant station and can be

used to digplay lights or images for the infant to ses.  This featurs can be usseful to augment
the environment with soothing lights, colors, orimages.  In some examples, this may be

used to present learning content o the infani.
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In the present example, sansors 721 include camera 723 and audio sensor 725,
Camera 723 can be usad to transmit video for a caregiver o ses on a monifor, such as
through a mobile device 729.  Camera 723 ¢an also be used io gather daia measurements
associated with the infant such as position,  Audio sensor 725 can be used fo transmit
audio for a caragiver {o hear, such as through a mebile device 729, Audio sensor 725 can
30 also be used fo gather data measurements asscciaisd with the infant’s surroundings and
environment.  In addition, the audic sensor 726 can be usad to gather data measurements

ahout sounds from the infant, such as cries, verbel articulation, etc.  In some sxamplss, the
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sensors 721 can be removable from the monitoring hub 701, especiglly to allow better
positioning of these devices relative to the infant.  Other componenis of the monitoring hub
701 may be remaovable as well, such that the monitoring hub 701 has a modular style.

In the present embadiment, infant monitoring device interface 713 facilitates

W

wiralsss communication with the infant monitoring device 727, In addition, the infant
monitoring device 727 can be charged at a charging base 715 assosiated with the monitoring
hub 701, The charging base 715 can be induction-based, such that the infant monitoring
device 727 can be placed in contact with the charging bass 715 during charging.  One
exampie of a charging base included in an infant station is described above with regard fo
16 Figure 5B
According fo various embodimenis, monitoring hub 701 includes a client device
interface 717 that allows the monitoring hub 701 fo communicaie wirslessly with a mobile
device 729, such as a smart phone, tablet, or the like. A mobile device 729 includes
softwars that facilitates features such as data pre-processing, early warning, and remote
15 observation. In addition, content that can be included on the mobile device 729 includes
learning, social, and environmental information.  The caregiver is the typical user of the
mobile device 729, and can view various data from the infant monitoring device 727, In
some instanicas, raw data measuremsnts from the infant moniforing device may be viewed.
However, processad information from the monitoring hub 701 may provide more useiul
20 information for the caregiver, such as measures of health and optimal times and methods to
deliver lsarning information fo the infant.  In addition, as described above, information from
sensors 721 may be accessible from mobile davice 728, In varicus embodiments, an AP
interface can also bs provided to third pariies to allow for more applications to run on the

mobile device 729,
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According to various embodiments, the infant monitoring device 727 andlor
monitoring hub 701 can communicate with [0S andfor Android devices. In particular, BLE s a
communication stack that can be used to exchange data and upgrade firmware.  inthe
nrasent embodiment, the AR includes access to raw data from the sensors in debug made.
A storage AP can be provided for the sensors, allowing data to be downloaded and
30 processed by the mobile device 728 on demand.

Although not shown, a tablet device can also commumnicate with the monitoring hub

701 through the client device interface 717, The tablet device can serve as an accessory in
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the delivery of structured lsarning-focused interactions to the caregiver for use with the infant,
In some exarmples, the tablet will have additional sensors useful in assessing babies’ growth
narameters.  Howsver, according to various embaodiments, the infant is not expected to
interact with the tablet during the first 24 months,

In the present example, a platform interface 719 is used to communicate with
platform 731, As described above with regard to various examples, the monitoring hub 701
can send data io and receive information from platform 731, For instance, monitoring hub
701 can send raw data measurements (o platiorm 731, and can receive models and learming

materials from platform 731,

example of a monitoring hub.  In this example, moniloring hub 735 can be a mobile device,
such as a smart phone, tablet, ete.  Monitoring hub 735 can provide data pre-processing,
content cache, andfor infant status assessment.  The monitoring hub 735 can also include
learning content and schedule(s).  In addition, the monitoring hub 735 can provids digital
signal processing, a human interface, and data securily.  Furthermore, modsl-hased
content adaptation can be provided at the monitoring hub 735, Accordingly, models
oblained from the platform 757 can be tailored for the infant’s developmental age and needs.
Spedifically, development modeis ¢an be evaluated af the monitoring hub 735 and content
from the library can be selected and customized.  One example of content adaptation as
applied to interactive activiies includes selecting a sequence of interactive activities thal is
developmentally appropriate and doesn't exhaust the infant.  in particular, a defermination
can be made about a particular infant’s developmental ags and the duration of an interaction
window appropriate for this age.  Using this information, content from the content library
siored at the platform 757 can be sslected and adapied 1o be appropriate for the infant,
This adapted content can then be presentad to the infant during an appropriate interaction
window,

In the pressent example, the monitoring hub 735 includes a processor 737, memaory
739, persistent storags 741, display 743, device interfaca(s) 751, infant monitoring device
componeants are shown, it should be recognized that some of these componenis can be

omitted without deviating from the scope of this disclosurs,  Additional componsnts can also
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bs included depending on the desired operation of the monitoring hub 735 and the infant
monitoring system.
In the present embaodiment, progessor 737 and memory 739 can be used o

process data measurements received from infant moniloring device 703, Specifically, this

W

data can be processed to develop observations andfor inferences as described above with
regard to Figure 3. In addition, procassor 737 and memory 733 can be used fo customize
content for the infant such as learning materials ic bs age appropriate.  Persistent storage
741 can store content and schedulels), as well as any models, charls, sic. received from the
platform 757, Furthermors, persisient storage 757 can store information specific to the

16 infant.

In the present example, display 743 allows & caregiver fo view and or inisract with
the monitoring hub 735, Forinsiance, the carsgiver can view observations or inferences
made ahout the infant, view a vidao feed, listen to audic from the infant’s room, and input
data through the display 743, In addition, nofifications, alerts, suggestions, slc. can be

15 displayed for the caregiver through the display 743,

In the present embadiment, device interface(s) 751 fagilitates the oparation of
peripheral devices with the infant monitoring system.  For instance, ambient sensing, such
as local sensing of environment, vibralion sensing, audio sensing, and visual monitoring may
bs desirable.  As such, various external devices 759 can be included as part of the infant

20 monitoring system.  In particular, camera 761 can be used to fransmit video for a caregiver
{o see on a monitor, such as through display 743, Camsra 763 can also be used to gather
data measuraments associated with the infant such ag position.  Audio sensor 765 can be
used to transmit gudio for a carsgiver to hear, such as through speakers included in the

mobile device.  Audio sensor 765 can aiso be used to gather daia measurements

b2
N

associated with the infant’'s surroundings and environment.  In addition, the audic sensor
765 can be used lo gather dala msasurements about sounds from the infant, such as cries,
verbal articulation, eic.  In some examples, a projecior 763 can be included as part of the
rnonitoring hub 735, Projector 763 can be used to display lights or images for the infant to
ses,  This feaiure can be useful to augment the environment with soothing lights, colors, or
30 images. [n some examples, this may be used to present as learning content to the infant,
According to various embodiments, the extarnal devices 759 communicate wirslessly with

monitoring hub 735 through the device interface(s) 751, Becauss the devices are
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physically separate from the monitoring hub 735, these devices can be conveniently
positionsd relative to the infant,
In the present embeodiment, a tablet device 759 (or other mobile devics) can

communicate with monitoring hub 735 through device interface{s) 751, The lablet device

W

759 can serve as an accessory in the delivery of structured learning-focused interactions to
the caregiver for use with the infant.  In some examples, the {ablet can have additicnal
sensors useful in assessing babies' growth parameters.  Forinstance, tablet device 759 can
be used to monitor audio or video from the infant’s environment, especially when the tablet
device 759 is located near the infani and the mobile device is located near the caregiver.
16 According fo various embodiments, the infant is not expecied (o interact with the tablet device
759 duting the first 24 months.
In the present embodiment, monitoring hub 735 includes numerous interfaces.
For instance, infant monitoring device interface 745 fadilitates wireless communication with
the infant moniioring device 753, USB/Micro USE Port 747 can be used as a plug-in for
15 charging base 755, such as the one shown in Figure 5C.  The charging bass 755 can be
induction-based, such that the infant moniforing device 753 can be placed in contact with the
charging base 755 during charging.  In the present example, a platform inieirface 749 is
used to communicate with platform 757,  As described above with regard to various
examples, the moniforing hub 735 can send data fo and receive information from platform
20 757, Forinstance, monitoring hub 735 can send raw data measurements to platform 757,
and can receive models and sarning materials from platform 757,
In the present example, the monitoring hub 735 can be an 10§, Andraid, or similar
devics. BLE is a cormmunication stack thal can be used o exchange data and upgrade

firmware. In the present embodiment, the APl includes acoess to raw data from the
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sensors in debug mode. A storags AP gan be provided for the sensors, allowing data to be
downloaded and processsd by the mobile device on demand.

According to various embodiments, if a mobile devics is used as a moniforing hub
735, then the infant monitoring system can be portable.  As such, the monitoring system
can be used outdoors, at remote locations outside of the homs, ete,  With this system,
30 continuous monitoring can remain uninterrupted when the infant is taken ouiside or fo
anothsr location.  The infant monitoring device 753 can continus o transmit data to the

mobile device in these embodiments.  If there are other peripheral devices used for
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monitoring &t home, such as & camera 761, audio sensor 765, or the like, that would be
cumbersome or inconvenient to use while ouidoors or traveling, these devices oan be
inactive during these outings.  For instance, the monitoring system can be placed in a
remota monitoring mode so that the peripheral devices, such as external devices 756 and
tablet device 759, can be in a sleep mode or an snergy saving mode and not iransmit
information during the outing.

An infant monitoring system, as described in various embodiments herein, can be
used can be used in many different ways.  For instancs, the infant monitoring system can
be used {o assess an infant’s development and health, present learning materials, provide
suggestions io a caregiver associated with the infant, or the like.  Examples of some
processes that can be implemented with the infant monitoring system are described below
with regard {o Figures 8- 13, In some inslances, the processas can be carried out using
computer code and computer readable media,

With reference o Figure 8, shown is a flow diagram of one example of a process
for delermining an infant's developmenial age relative to ihe infant’s biological age.  In this
example, measurement data associated with an infant is received at 801, In particular, the
measursment data is received at a moniloring hub from sensors associated with an infant
monitoring device.  As described above with regard 1o various examples, measurament

ata can include aspeocts such as infant position and movement, mation, temperaturs,
position, and galvanic skin response.  Other meirics can also be used depending on the
application.

In the present exampls, the maasurement data is then analyzad inrelation to a
development model oblained from a remote platform at 803, According to various
embodiments, the remote platform is configured to receive information from numerous
monitoring hubs associated with their respactive infant maonitoring davices and the
developrnent modet is based on an aggregation of the information recsived from the
numerous monitoring hubs.  Specifically, the development model is built using machine
learning that identifies patterns and characteristics of the information received from the
numerous monitoring hubs, according to various examples.  The development modsl may
be built at the platform and updaied as new information is received.  In particular examples,
the development model can include measurement data, observations, inferences, or other

metrics that correspend to infants at various ages.
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In some instances, the development medsl includes a set of mode! measurement
data corresponding fo infants at different ages.  This model measurement data is an
aggregation of the information recaived from the numerous monitoring hubs associated with

infants at different ages.  More particularly, for each developmental ags, there is a set of

W

modsl measurement daia, and any other desired metrics, that are selecied bassd on an
aggregation of the information from the numerous monitoring hubs.  The model
measursment data can be based on an average of measuremsant data associaled with the
numerous monitoring hubs in some examples.  In addition, outlier data, such as data that
falis far away from the other data may be discarded in some instances {o acoount for errors
16 or data that would ctherwise inacourately skew the modsl measurement data.  According to
various embodiments, the development model is updated when additional information is
recaived from the numerous monitoring hubs or periodically to incorporate new information
raceivad from the numerous monitoring hubs.
In other instances, analyzing the measursment data may include processing the
15 measurement data into an obssrvation about the infant and comparing the observation fo the
development madel, where the obsarvation includses one of sleep, mobility, stress, position,
comfort, health, vigilance, or articulation.  In such instances, the devslopmsnt model
includes model observaiions associaied with infants at different ages.  These model
ohsarvations are basad on an aggregation of the information recelved from the numerous
20 monitoring hubs associated with infants &t different ages.  More particularly, for each
developmental age, there is a sat of model obsevations, measurement data, and any other
desirad metrics that are selected based cn an aggregation of the information from the
numerous moniforing hubs.  The modsl observations can be based on an average of

ohgervations associated with the numerous monitoring hubs in some examples.  In addition,
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outlier data, such as data that falls far away from the other data may be discarded in some
instances to account for errors or data that would otherwiss inaccurately skew the model
observations.  According 1o various embodimenis, the development mode! is updated when
additional information is recaived from the numerous monitoring hubs or pariodically to
incorporate new informetion received from the numerous menitoring hubs.

30 In yet other instances, analyzing the measurement data may include processing the
measurament data into an inference about the infant and comparing the inferencs to the

devaloprment moded, whers the inference includes one of receptivity 10 leaming, infant
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well-being, presence of caregiver, environmental factors, safely of infant, or emotional state
ofinfant.  In such instances, the development model includes mods! inferences assodialed
with infants at different ages.  These mode! inferences are based on an aggregation of the

information received from the numerous monitoring hubs associated with infants at each of

W

the different ages.  More particularly, for each developmental ags, thers is & sel of model

inferencas, measurement data, and any other dasired matrics that are sslected based on an

aggregation of the informetion from the numerous monitoring hubs.  The model inferences
can be based on an average of inferences asscciaied with the numsrous monitoring hubs in
some examples.  In addition, outlier data, such as data that falls far away from the other

10 daia may be discarded in some instances to account for errors or data that would otherwise
inaccurately skew the model inferences.  According to various embodiments, the
devslopment model is updaied when additional information is received from the numerous
monitoring hubs or periodically fo incorporate new information received from the numerous
monitoring hubs,

15 In the pressent example, a developmental age for the infant is determined based on
a comparison of the measurament data with the development model at 805, In particular,
the measurement data, observations, inferences, or other metrics associated with the infant
can be compared with model data included in the development modsl, according io various
embodiments.  Spedifically, for various developmental ages, model measurement data is

20 eslimaled for an averags infant, based on the aggregation of information from the numerous

monitoring hubs.  The measurement data for the infant to be evaluated is then compared to

the model measuremsant data associated with the development model.  The developmental
age associated with modsel measuremsnt data thal most closely matches the measurement

data of the infant being evaluated is chosen to represent the infant's developmental age.  In
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some examples, the developmental ages in the devsiopmant modsl may be discrete or may
cover a continuum of ages, such as when the development modsl is built using interpolation
of the data.

Next, in the pressent exampls, the developmental ags is compared o a biological
age of the infant at 807, where the biolegical age is obiained at the monitoring hub by manual
30 input.  insome instances, the biclogical age of the infant can be input by a paren,
caragiver, or other user associated with the infant when the user initially usss the infant

monitoring system, or &t any time thereafter.  This biclogical age can be stored for
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reference. Comparing the developmental age o the biological age of the infant can provide
insights to the caregivers, parents, or other users associaied with the infant about whether
the infant is developing typically, ahead of expectations, or in a delayed manner.  This
information can ba useful to determine whather further interventions or evaluations are
recommended.  For instance, if significant delays are found, a recommendation might be
made to have the infant evaluated by a physician to determine if any medical conditions are
present.

According to various embodiments, the process described in the present example
can be implemented using various mechanisms associated with an infant monitoring system.
For instancs, an infant menitoring device, as described in pravious exampies, can be usaed i
obtain the measurement data for the infant.  Additionally, a monitoring hub, as dlso
described in previous examplas, can be used fo perform various actions, such as receiving
measurament data, analyzing the measurement data in relation to a development model,
rageiving manual input from a user, defermining a developmental ags for the infant based on
a comparieon of the measurament data with the development model, and providing a
comparison of the devslopmental age with a biclogical ags of the infant,  In particular
embodiments, the development model is developed at & remoie platform that is configured to
receive information from the numerous monitoring hubs and their corresponding infant
monitoring devices.  In some examples, various actions can be performed at the remote
platform, such as receiving measuremsnt data, analyzing the measurement dala in relalion fo
a development modsl, receiving manual input from a user, determining a developmental age
for the infant based on a comparison of the measurement data with the development model,
and providing a comparison of the developmental age with a biological age of the infant.  In
such examples, a user may be able to input data and view data and results through a portal
provided by tha remote platform.

With reference o Figure 9A, shown is a flow diagram of one example of a process
for presenting customizaed isarning content for an infant basad on the infant's developmenial
age. Inthis example, a first module of learing content previously presented to an infant,
aleng with corresponding measurement data for the infant, is identified at 901,  Specifically,
the measurement data corresponds o data oblained during presentation of the first module
of learning content.  As described above with regard fo various examples, measurament

ata can be obtainad from sensors associated with an infant monitoring device and include
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iterms such as infant gaze intensity and duration, infant position and movement, motion,
temperature, position, and galvanic skin response.  Other metrics can also be used
depending on the application.  The first module of lsarning content can include any of
various types of lsarning content.  For instance, learing content can include a lesson
related to a particular subject.  Some examples of subjects include languags, sounds,
words, numbers, colors, motor skills, and cognitive skills.  As referred {0 in the present
example, a module of learing content s a discrete amount of learning content that is
intended to bs pressnted in che session.

Next, in the present example, the measurement data is analyzed in refation io a
development model obtainad from a remote platform to determine whether the first module of
learning content was appropriate for the infant & 903, As described in previous examples,
the remote platiorm is configured to recsive information from numerous monitoring hubs
associated with corresponding infant monitoring devices.  The development maodel is built at
the remote platform from an aggregation of this information from the numerous monitoring
hubs.  The development model can include metrics such as measursment datg,
observations, and inferences corresponding to infant responses to the first module of leaming
content or similar learning content.

In some instances, analyzing the measurement data includes processing the
measursment data into an observation about the infant and comparing the observation fo the
developrnent modet to determine if the first module of learning content was inappropriate for
the infant.  As described in varicus examples above, an cbservation can include aspects
such as sleep, mability, strass, position, comfort, health, vigilance, andior articulation.
Accordingly, the first module of learning content is deemed inapproprials for the infant if an
undesirable level of strass is defected,  Simiilarly, the first module of learning content is
deemed inappropriate for the infant if an undesirable level of any other obsarvation is
detected.  Conversely, the first module of leamning content may be desmed appropriate for
the infant if healthy levels of cbservations are detected.

In other instances, analyzing the measurement data includas processing the
rmeasurement data into an inference about the infant and comparing the inference to the
devslopment model 1o determing if the first module of learning content was inappropriate for
the infant.  As dascribed in various examples abovs, an inference can include aspacts such

as receptivity 1o leaming, infant well-being, presence of caregiver, environmeanial factors,
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safety of infant, andfor emotional state of infant.  Accordingly, the first module of learning
content is deemed inappropriate for the infant if an undesirable emotional state of the infant is
detected.  Similarly, the first module of leamning content is deemad inappropriats for the
infant if an undesirable level of any other inference is detected.  Converssly, the first
module of learning content may be desmed approprigie for the infant if healthy levels of
inferences are dsfacted.

In the present example, a developmental age is then delerminad for the infant
basad on whether the first medule of lsarning confent was appropriate for the infant as
reflected by an analysis of the measurement data at 805, As described praviously, the
development model can include metrics such as maasurement data, observations, and
inferences corresponding to infant responsss to the first module of learning content or similar
learning content af various developmental ages.  Based on a comparicon of the
measursment data or other metrics o the development modsl, a developmental age for the
infant can be determined.  In addition, comparing the measurement data or other metrics to
the development model can also indicate if the first moduie of content was foo difficult or
challenging for the infant based on stress, discomfort, ete, I the content was too difficult,
then fulure modules of learning content can be adjusted accordingly.

In the present example, a sscond module of lsarning content based on the
devaloprmental age of the infant is then selecled at 907 and presented at 908, in some
instances, the second module of learning content is selecled based on whether the first
module of learning content was appropriate or inappropriate for the infant as reflected by the
analysisin 903.  In particular, if an appropriate level of stress was detected for the infant
during presentation of the first module of learning content, then the second moduls of
learning content is selecied fo be al the same level as or more difficult than the first sef of
learning content.  Similarly, if an appropriate level of comfort was detected for the infant
during pressntation of the first module of learning content, then the second module of
learing content is selected 1o be at the same level as or more difficult than the first module
of lsamning content,  In another axampls, the second module of learning content is selected
to be at the same level as or more difficult than the first modude of lsaming content if an
appropriate level of receptivity to learming was detected for the infant during presentation of
the first modute of lsaming content.  Similarly, if appropriate levels of the measurement

data, observations, inferences, or other matrics wers found during presentation of the first
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module of learning content, then the same level or more difficult malerial can be selected for
the sscond module of lsaming content.  Conversely, if inappropriate levels of the
reasuremsnt data, observations, inferances, or othar metrics were found during presentation

of the first medule of learning content, then less difficult material can be selsocted for the

W

second module of learning content.  According to various embodiments, the second module
of learning content can include material that is related or unrelated to the first module of
learning content.  In some examples, the second module of learning content includes
informational material or suggestions for a caregiver associated with the infant.
Agcording to various embodiments, the process described in the present example
16 can be implementad using varicus mechanisms associated with an infant monitoring system.
For instance, an infant monitoring device, as described in pravious examples, can be usad lo
obiain measurement dafa when the infant is presented with a first module of learming content.
Additionally, a monitoring hub, as also described in previcus examples, can be used to
parform various aclions, such as receiving the measurement dala, analyzing the
15 measurement data in relation to a development modeal obtained from a remoie platform to
determine whather ths first module of learning content was appropriats for the infant,
determining a developmenial age for the infant based on the whether the first module of
learning content was appropriate for the infant as reflecied by an analysis of the
measurament data, and presenting a second medule of learning conlent customized o the
20 developmental age of the infant,
With reference o Figure 28, shown is a flow diagram of one example of a process
for prasenting customized leaming content for an infant based on the infant's pagt
performance.  This process is similar to the process described with regard to Figure 94, but

differs becatse cusiomizad learning content is selected based on the infant’s responge fo
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previous learning content, without the naed 10 assess the infant’s developmental age.  This
process can be repeated such that each iteration further refines the sslection of learning
content to be more appropriate for the infant,

In this example, a first module of learning content previously presented to an infant,
aleng with corresponding measurement data for the infant, is identified at 901, Specifically,
30 the measurement data corresponds o data oblained during presentation of the first module
of learning content.  As described above with regard fo various examples, measurament

ata can be obtainad from sensors associated with an infant monitoring device and include
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iterms such as infant gaze intensity and duration, infant position and movement, motion,
temperature, position, and galvanic skin response.  Other metrics can also be used
depending on the application.  The first module of lsarning content can include any of
various types of lsarning content.  For instance, learing content can include a lesson
related to a particular subject.  Some examples of subjects include languags, sounds,
words, numbers, colors, motor skills, and cognitive skills.  As referred {0 in the present
example, a module of learing content s a discrete amount of learning content that is
intended to bs pressnted in che session.

Next, in the present example, the measurement data is analyzed in refation io a
development model obtainad from a remote platform to determine whether the first module of
learning content was appropriate for the infant & 903, As described in previous examples,
the remote platiorm is configured to racsive information from numerous monitoring hubs
associated with corresponding infant monitoring devices.  The development maodel is built at
the remote platform from an aggregation of this information from the numerous monitoring
hubs.  The development model can include metrics such as measursment datg,
observations, and inferences corresponding to infant responses to the first module of leaming
content or similar learning content.

In some instances, analyzing the measurement data includes processing the
measurament data into an observation or inference about the infant and comparing the
obsarvation or infersnce to the devslopment mode! io determineg if the first module of learing
content was appropriate for the infant.  As described in various examples above, an
observation can include aspscts such ags gleep, mobility, stress, position, comfort, health,
vigilance, and/or articuiation.  As also described in various examples above, an inference
can include aspacts such as receptivily (o lsarning, infant well-baing, presence of caragiver,
environmentat factors, safsty of infant, andfor emotional state of infant.

In the pressnt example, a determination is then made about whether the first
module of learning content was too difficult for the infant ai 911, In particular, if an
undesirable or unhealthy level is detectad in the measurament data, observations,
infarences, or other metrics, then a determination can be made that the learning content in
the first module was too difficult.  For instancs, if an undesirable lavel of stress is delscted,
then the first moduie of learning content is desmed too difficult,  Similary, if an undesirable

emotional state of the infant is detected, then the first medule of learning content is desmed
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too difficult.  In contrast, if healthy or desirable levels of the measurement data,
obsarvations, inferences, andfor other metrics are dsiecled, then the first module of learning
content is deemead not too difficult.

In the present exampls, if the first module of learning content was not too difficult
for the infant, then mare challenging matsrial is selscted for a second module of learning
content at 913.  However, if the first module of learning content was too difficudt for the
infant, then less challenging materidl is selected for a sscond module of lsarning content &t
915, Depending on the system, the second module of lsarning content may be relaisd or
unrelated to the first module of learning content.  For instancs, the first module and second
rmodule may includs lessons from the same subject or may include lessons from different
subjects altogsther.  Once the second module of learning content is selecied, itis prassnted
for the infant at 903,

With reference o Figure 10, shown is a flow diagram of one example of a process
for providing customized learning content based on parental preferences.  More particularly,
the customized learning content can be selecied based on preferencas input by & user
associated with the infant, such as a parent, caragiver, efc.  In the present example, user
input for a first preference related o lsarning content for an infant is received at 1001, This
inptit can be received at a monitoring hub associated with the infant, such as through a
keyboard, touch scresn, elc. associated with the monitoring hub.  Numerous preferences
can be made available to the user for selection as the first prefersnce.  Forinstance, a
preference can include a subject such as sounds, words, numbers, or colors.  In another
instance, a prafarence can include physical activities for the infant, such as physical agtivities
relating to molor skills or cognitive skills.  In some examples, a preference caninclude a
preferred language for the infant.  In some examples, additional preferences can also be
selected by auser.  Specifically, a second praference can ba selectad and customized
learning content can be chosen based on both the first and second preferences.  Any
number of additional preferences can be selacted, depending on the application.

Next, at 1003, a davelopmental age is determined for the infant based on
rmeasurement data received from an infant monitoring device.  As described in various
exampies, the infant monitoring device includes sensors configured to collect the
measurament data that is then sent to the monitoring hub for analysis.  As also described in

various examples, the measurement data can include meirics such as infant position,
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movernent, motion, temperature, position, and galvanic skin response.  Other melrics can
also be usad depending on the application.
In particular embodimants, datarmining a developmental age for the infant includes

analyzing the measurement data in relation o a development mods! obtainad from a remots

W

platform.  As described above in various examples, the remote plaiform receives

information from numerous monitaring hubs associated with numeroug infant monitoring

devices, According to various examples, the development modsl includes a set of model

measurament data corresponding to infanis at different ages, whers the sst of model

measurement data is based on an aggregation of the information recsived from the

16 numerous moniicring hubs associated with infants at different ages.  In some examples, the
modsl measurement dala is bassd on an average of the information received from the
numerous monitoring hubs associated with infanis at different ages.  In addition, outliers in
the information may be discarded if it skews the model inappropriately.  In the present
example, determining & developrental age for the infant is based on a comparison of the

15 measurement data associated with the infani with modsl measurement data representing
infants at different ages.  In particular, model measuremant data most clossly matching the
maasursment data for the infant is used to estimate the infant’s developmental age.
Spedifically, the developmental age associated with the model measurament daia most
clossly matching the measurement data for the infant is selected as an estimale for the

20 infant's developmenial age.

According to various embodiments, the development model inciudes model
observations associated with infants at different ages.  As with the model measurament
data, the modsl observations are based on an aggregation of the information received from

the numerous moniforing hubs associated with infants at different ages.  Furthermore,

b2
N

analyzing the measurament data includas processing the measurement data into an
observation about the infant and comparing the observation to the devslopment model.
Examples of cbservations include sleep, mobility, siress, position, comfort, heaith, vigilance,
and articulation.  Model observations most closely matching the observations for the infant
are used to estimate the infant's developmental age.  Spacifically, the developmental age
30 associated with the model obssrvation(s) most closely matching the observation{s) for the

infant is salacted as an estimate for the infant’s developmental age.
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I some embediments, the development mode! includes model inferences
associaled with infants at different agss.  As with the model measurement data, the modsl
infarences ars based on an aggregation of the information recsived from the numerous
rnonitoring hubs associated with infants at different ages.  Furthermore, analyzing the
measursment data includss processing the measurement data into an inference about the
infant and comparing the inferencs 1o ths development modsel.  Examples of infarences
include receplivity to learning, infant well-being, presence of caregiver, environmantal factors,
safsly of infant, and emotional state of infant.  Modsl inferences most clossly mafching the
inferences for the infant are used o eslimals the infant’s developmental age.  Specifically,
the developmental age associated with the model inference(s) most dlosely matching the
inferencs(s) for the infant is selected as an estimals for the infanl's developmental age.

In the present example, a first module of leaming content is selected at 1005 based
on a developmental age associated with the infant and the first preference, as input by the
user.  As mentioned previcusly, If additional preferences have been sslected by the user
asscoialed with the infant, these preferences are also taken info account when ssleciing the
first module of leamning content.  The learning contant can be stored at the monitoring hub
or at the remote platform, depending on the application.  Once the first module of lsarming
content is selecied, it is displayed at the monitoring hub at 1009,

According to various embodiments, the process desaribed in the present example
can be implemenied using various mechanisms associated with an infant monitoring syslem.
For instance, an infant monitoring device, as describad in previous examples, can be used to
obtain measurement data using sensors,  Additionally, a monitoring hub, as also described
in previous examples, can be used to perform various actions, such as receive the
measurement data from the plurality of sensors, analyze the measurement data {o determing
a davalopmental age for tha infant, receive user input for a first preferance ralated fo learning
content for an infant, and selsct a first moduls of lsarning conient based on a devslopmental
age associated with the infant and the first preference.  The monitoring hub can also include
a display configured fo present the first module of learning content.

With reference to Figure 11, shown is a flow diagram of one example of a process
for gensraling a customized plavlist of educational materials.  in this example,
measurament data for an infant is first racaivad at a monitoring hub from sensors associated

with an infant monitoring device at 1101, As describad in various examples above, the
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measursment data can include metrics such as motion, temperaturs, position, and galvanic
skin response,  Other metrics can also be used, depending on the application,
In the present exampls, the maasurement data is then analyzad inrelation to a

development model obtained from a remote platform at 1103, As described above in

W

various examples, the remote platform receives information from numerous monitoring hubs

and their corrasponding infant monitoring devices,  The development model is built from an

aggregation of the information received from the numerous monitoring hubs.  According fo
various examples, the development modsl includes a set of model measurement data
corresponding to infants at different ages, where the set of mods! measurement data is

16 based on an aggregation of the information received from the numerous monitoring hubs
associated with infants of different ages.  In soime examples, the model measurement data
is based on an average of the information received from the numerous moniioring hubs
associated with infants of different ages.  In addition, cutliers in the information may be
discardsd if it skews the model inappropriately.

15 In some examplas, the development model includes madsl observations associated
with infants at different ages.  As with the model measurement data, the moda!
observations are based on an aggregation of the information received from the numerous
monitoring hubs associated with infants at different ages.  Furthermore, analyzing the
measurament data includes processing the measurement data into an observation about the

20 infant and comparing the observation to the development model.  Examples of observations

include sleep, mobility, stress, position, comfort, heaith, vigilance, and articulation,

In particular examples, the development model ingludes modal inferences
associated with infants at different ages.  As with the modsl measurement data, the modal

inferences are based on an aggregation of the information received from the numerous

b2
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monitoring hubs associated with infants of diffarent ages.  Furthermore, analyzing the
measurement data includes processing the measurement dala into an inferencs about the
infant and comparing the inference to the development model.  Examples of inferences
include receptivity to learning, infant well-baing, presencs of caregiver, environmental factors,
safety of infant, and emoticnal state of infant.

30 Nexi, a developmental age is determined for the infani based on a comparison of
the measurement data with the development maodel at 1105, In the present exampls,

determining a developmental age for the infant is based on a compariscn of the
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measurament data associated with the infant with model measurement data representing
infants at different ages.  In particular, modsl measurament data from the development
rnodsl that most closaly matches the maasurement data for the infant is used 1o estimate the
infant’s developmental age.  Specifically, the developmental age associated with the mode!
maasursment data mosi closely matching the measurement data for the infant is selected as
an astimate for the infant’s developmental age.

I some examples, an observation derived from the measurement data for the
infant can be used o determine the infant’s developmental age.  In particular, model
observations most closely matching the observations for the infani are used to estimate the
infant’s developmental ags.  More specifically, the developmental age associated with the
modsl observation(s) most clossly matching the obsarvation(s) for the infant is selecisd as an
estimate for the infant's developmenial age.

I some examples, an inference derived from the measurement data for the infant
can be usad io determine the infant’'s developmental age.  In particular, model inferences
most closely matching the inferences for the infani are used 1o estimats the infant's
developmental age.  More specifically, the developmental age associated with the model
inferences(s) most closaly malching the inference(s) for the infant is seleclsd as an estimate
for the infant's developmenial age.

In the present example, once the infant's developmental age is determingd,
numerous learning content modules appropriate {o the developmental age of the infant are
selscled at 1107, According to various embodiments, the learing content modules are
obtained from the remote platform,  Tha lsaming content modules can include any of
various typss of learning content.  For instancs, learning content can includs a lesson
related to a particular subject.  Some examples of subjects include language, sounds,
words, numbers, colors, motor skills, and cognitive skills.  As referred {0 in the present
example, aleaming content module is a discrste amount of learing content that is intended
to be presentad in one session.

Onee the leaming content modules ars selected, thay are arranged into a playlist at
1109, In some examples, a selected leaming content module from the playlist is played
when the infant is receplive fo leaming.  As described in previous examples, measurament
data can be used {0 determing whan an infant is recaptive {o leaming,  Once thisis

determined, then leaming content can be selacted from the playlist to be presented.  In
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some examples, the plavlist can be paused at & first location and then restarted from the first
location, as desired by the user.  In parlicular embodiments, once a selection from the
nlaylist begins, the plaviist plays continuously until a user selscts a command 1o pause or
stop play of the playlist.  However, in other embodiments, the playlist plays continuously
until a determination is made that the infant is not sufficiently receplive to learning.  Such a
datarmination can be made based on an analysis of subssquent measurerment data obtained
during presentation of the playlist in relation to a learing receptivity modet obtained from the
remote platform.  In yet other examples, a user can access the plaviist and play learning
content modules at will.

According to various embaodiments, the process described in the present example
can be implemented using various mechanisms associated with an infant monitoring system.
For instance, an infant monitoring device, aleng with its associated sensors, can be used fo
obtain measursment data associated with the infant, as desoribed in previous examples.
Additionally, a monitoring hub, as also described in previous examples, can be used to
perform various actions, such as receive measurement data from the sensors associats
with an infant monitoring device, analyze the measursement data in relaticn to a devsiopmant
modsl oblained from a remote platform, determine a devslopmental age for the infant based
on a comparison of the measuremeni data with the development model, obtain iearming
content moduies from a remote platform, select and arrange numercus learning content
modules appropriate to the developmental age of the infantinto a playlist, and play leaming
content moduies from the plavlist,  The monitoring hub can also receive input from a user o
nlay, pause, or otherwise navigate through the playlist.  Furthermors, in soms axamplas,
the monitoring hub can dstermine when an infant is receptive fo learming, so that the
monitoring hub can play a sslection from the plavlist during these times.

With reference to Figure 12, shown is a flow diagram of one example of a process
for providing social media recognition for compilstion of infant leaming content.  Inthis
exampis, learning content appropriate for an infant is selected at 1201 based on a
developmental age associated with the infant,  According 1o various embodiments, the
developmental age of the infant is determined by analyzing measurement data received from
an infant monitoring device in relation to a development model obtained from aremote
platform.  As described above with ragard to various examplas, the measurament data can

include metrics such as motion, temperature, position, andlor galvanic skin response,
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Other metrics can also be used, depending on the application.  In addition, as desaribed in
various examples above, the devalopment modsl can be based on an aggregation of
information recaivad from numerous infant monitoring hubs,  Furthermore, the development
rmodel can include model measurement data representing infants of different developrmental
ages.

In some examples, analyzing tha meaasuremant data in relation to a development
model includes processing the data measurement into an cbservation about the infant and
comparing the observation o the devslopment modsl.  The observation can include aspects
such as sleep, mobility, stress, position, comfort, health, vigilance, andior articulation.  In
these examples, the development modsl can include model obsarvations representing infants
of differsnt developmental ages.

In some examples, analyzing the measurement data in relation to a development
model includes processing the data measurement into an inference about the infant and
comparing the infersnce to the devslopment model.  The inference can include aspects
suich as receptivily o learing, infant well-baing, presence of caragiver, envircnimental
factors, safety of infant, and/or emotional state of infant.  In these examplss, the
development model can include model inferences representing infants of different
devslopmental ages.

Once a developmental age is selected based on a comparison of the measurement
data for the infant o the development modsl, appropriate leaming conlent is selected for the
infant.  The leaming content can be chosen from a variely of materials.  Forinstance, the
learning content can include a lesson rslating to a particular subject.  Some examples of
subjscts include sounds, language, numbers, colors, and/or physical activities.  In some
exampies, the lsaring content is selected based on previous leaming content presentad fo
the infant.  in other axamplas, the learning content includes informational material or
suggestions for a caregiver assodiated with the infant.  Once the leaming contentis
selscled, itis preseniad at 1203 through a menitoring hub associated with the infant.

According to various embodimants, after the learning content has been presented,
a determination is made that presentation of the learning content has been completed at
1205, In the present example, determining that presantation of the learning content has

baen completed includes detacting that the isaming content has playad to completion.
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Accordingly, if the learning content is interrupted during play, such as by stepping or pausing
the leamning content, a determination of complstion will not be made.
After a determination has been made that the learning content has besn complated,

social media recognition is provided for completing the presentation of the lsarning content at

W

1207, Insome examples, the social media recognition is posted 1o a social media feed
associated with a caregiver, parent, or guardian of the infant.  Specifically, the monitoring
hub associated with the infant can provide a post or an option to post this social media
ragognition.  Alternativaly, the remote platform can provide the post or option to postin
some embodimsnts,  In the present example, the social media recognition includes
16 information about the learning content completed.  Spedifically, the sccial media recognition
ray include a level of accomplishment associated with the leaming conlent completed.  For
instance, different milesiones or levels can be assigned o blocks of leamning content.  In
othar examples, sach learming content moduls is associated with an accomplishrment iiself.
The social media recognition may also includs information such as the subject included in the
15 leaming content compleied.  In one example, the social media recognition post may include
a graphic along with a message. Similarly, various accomplishments and leaming aspects
can be posted to social media,
According fo various embodimenis, the process described in the present exampls
can be implemsnted using various mechanisms associated with an infant monitoring syster.
20 Forinstancs, an infant moniioring device, along with its associated sensors, can be used o
obtain measurement data associated with the infant, as described in previous examples.
Additionally, a monitoring hub, as also described in pravious examples, can bs used to
parform various actions, such as receive measurement dala from the sensors associated

with the infant monitoring device, analyze the measuremeni data in relation to a development

b2
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model obtained from a ramote piatform, determine a developmental age for the infant baged
on a comparison of the measurement data with the development modsl, prasent learning
content appropriate to the developmental age of the infani, and provide social media
recognition for completing presentation of the laarming content,

With reference to Figure 13, shown is a flow diagram of one example of a process
30 for detecting accomplishments of an infant.  in this example, measursmeni data for an
infant is received from sansors associated with an infant monitoring device at 1301, As

described with regard to various previous examples, the measurement data can includs
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aspacts such as motion, temperature, position, and/or galvanic skin response.  Cther
metrics can also be used, depending on the application.

In the present example, the maasurement data is then analyzed in relation to a set
of past measurement data for the infant at 1303, The set of past measurement data
includes previously collected measurement data and associated dates, and/or timas, sl
corresponding to when the data was collscted.  According to various embodiments, the set
of past measurement data is stored at a monitoring hub associated with the infant and the
infant monitoring device.  In some instances, analyzing the measurement data in relation fo
a sst of past measuremsnt data for the infant includes processing the measurement data info
an observation about the infant and comparing the cbservation 1o a set of past observations
for the infant.  As described in various embodiments, an observation can include an aspsct
such as stesp, mobility, stress, position, comfort, health, vigitance, or articulation.  In other
instances, analyzing the measurement data in relation o a set of past measuremant data for
the infant comprises processing the measurement data into an inference about the infant and
comparing the inference to a sef of past inferences for the infant.  As also described in
various embodiments, an inference can include an aspect such as receplivity to lsaming,
infant wall-baing, presence of caregiver, environmental factors, safely of infant, or emoiional
state of infant,

Based on a comparison of the measurement dala with the set of past measurement
data, a delsrmination is then made whether the current measurement data exceeads levai(s)
previously defected at 1305, in the present example.  For instance, if physical growth is
detected, such ag an increase in haightllength, a determination is made that the
maasursment data exceeds previous growth levels.  In another example, a type of
movement, such as rolling over, may be detected when it had not besn previously detected.
In some instances, a determination that the measurement data exceeds previous level(s)
may include determining that the measuremsnt data excesds pravious level(s) by a certain
amount,  This amount can be programmed into the sysiem, and can prevent detection of
insignificant data or errors in measurement.  For instance, a determination might be made
only if growth is more than a predstermined amount (8.g. 3mm).  Similadly, other types of
measurements, observations, inferances, or other metrics can be compared.

If the maasurement data is consistent with the set of past measurement data, then

the measurement data does not exceed levels previously detected, and no accomplishment
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is detectad in the present example.  In this scenario, the measuremeant data is then stored
at 1307, This measurement data can be added {o the sel of past measurement datato bs
used in future analyses.  Similarly, if observations, inferencss, andior other matrics are
usad and found to be consistent with past data, these observations, inferences, andfor other
matrics can aiso be stored with the sel of past measurement data,

However, if the measurement data exceeds levals previously detected in the set of
past measurement data, then an accomplishment of the infant is detected at 1309 in the
pregent example.  Various typss of accomplishments can be detecied.  Forinstance, an
accomplishment can include physical growth or advancement of developmental age.
Spedifically, in the case of physical growth, the sensors can detect physical measuremeants in
hsight or weight that consiitute a growth accomplishment.  For an advancement of
devslopmental age, an accomplishment may be found if the infant demongirates a physical,
verbal, or otherwise developmental achisvement as detecled a comparison of the
measurement data o a devslopment model, as desaribed in various examples herein.  in
some examples, an accomplishment includes reaching a milesione that had not heen
reached previously basad on the set of past measurement data.  Specifically, milastones
can include events such as & first step, first word, linking words togethar into phrases or
sentences, etc.  In some embodiments, thess milestones can be included in a development
model.  As described in various embaodiments, the devaloprment moedel is based on an
aggregation of the information received from numerous monitoring hubs associated with
corresponding infant monitoring devices.  Furthermors, the development modei can be buiii
at aremote platform that receives information from the numerous monitoring hubs and
aggregaies ths information.

Once an accomplishment is detected in the present example, a notification is sent
to a carsgiver about the accomplishment at 1311, According to various embodimants, the
caregiver can include a person associated with the infant, such as a parent, guardian,
babysitter, nanny, relative, efe.  The neiification can be sent through the monitoring hub in
some exemples. A notification can also be sent through various other media, depending on
the application.  For instance, a notification can be sent by email or text by the monitoring
hub.

According to various embodiments, an option to post social media recognition of

o

the accomplishment can be provided at 1313, Spedifically, the social media recognition
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may include a post 10 a social media feed associated with a user such as a caregiver, parent,
or guardian of the infant. T the user opls o post to social media, the monitoring hub can
nrovide the social media post, in soms axamples.  Alternatively, the remote platform can

orovide the social media post in some examples.  in the present embodiment, an option o

W

post is offered to allow the caregiver, parent, or other person associated with the infant to

filter posts, such as for privacy reasons.  Howsver, if privacy is not a concern, posts can

also ba generated automatically in some embodimants, without requiring the user to confirm

the option {o post the information.  According to varicus embodiments, the social media

recognition includes information about the accomplishment achieved.  Specifically, the

16 socia media recognition may include a description, title, or message associated with the
accomplishment,  For insfance, the social media recognition may include a message, such
as “Congratulations Baby Emily for taking your first step today?”  in some examples, the
sodial media recognition post may include a graphic along with a message about the
accomplishment,

15 Agcording to various embodiments, the process described in the present example
¢an be implemented using various mechanisme associated with an infant monitoring system.
For inslance, an infant monitoring device, along with its assodiated sensorg, can be used o
obiain measurement dala associated with the infant, as described in previous examples.
Additionally, a monitoring hub, as also described in previcus examples, can be used to

20 perform various actions, such as recsive measurement data from the sensors, analyze the

measurement data in refation to a set of past measurement data for the infant, store the se

of past measurament data, detect an accomplishment of tha infant based on a comparison of

the measurermnent data with the set of past measurement data, and notify a carsgiver

associated with the infant about the accomplishment.  In some examples, the monitoring
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hub is also configured to post andfor provide an option to post social media recognition of the
accomplishment,

Although the foregoing concepts have been described in some detail for purposes
of clarity of understending, it will be apparent that certain changes and modifications may bs
oracticed within the scops of the appended claims. 1t should be noted that there are many
30 alternative ways of implementing the processes, systems, and apparatuses.  Accordingly,

the present embodiments are (o be considered as illustrative and not restrictive.
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ICLAIMS]
1. Asystem comprising:
an infant monitoring device asscciated w'tb a pluraiity of sensors configured fo obtain

measuremerd data of an infant when the infartis presented with a first module of learning

W

content; and
a moniforing hub configured to receive the measurement data from the piurality of sensors
and enalyze the measuremsni data in refation to 2 deveiopment model obtained from a
remote platform to determine whather the first moduile of leaming content was appropriate for
the infant, the remote platform configured {o receive infermation from a plurality of monitoring
10 hubs associated with a plurality of infant monitering devices;
whergin the monitoring hub is further configurad to determine a devejopmental age for the
infant based on the whether the first modids of learning content was appropriate for the infant
as reflecied by an analysis of the measurement data; and
wherein the monitoring hub is further configured to present a second module of iearning
{3 content customized to the developmental age of the infant,

2. The system of claim 1, wherein the meastrament data comprises infant gaze

intensity and duration

3. The eystem of claim 1, wherein the measursment datg comprises infant

position and movement.
20 4. The systsm of claim 1, wherein the measurement data inciudes motion,
temperature, position, and galvanic skin response.

&, The system of claim 1, wherein analyzing the measurement data comprises
processing the measuserment data into an observation about the infant and comparing the
obsarvation to the develapment mode!, _whereir: the observation includes ans of dlaep,

25 mobility, stress, position, comfort, heaith, vigilance, or articulsticn, and wherein the second
module of lsarning content is selectad to be mors difficull than the first module of learning

content if the chservation is delected to be al a heaithy lavel for the infant.
8. The system of claim 1, wherein anaiyzing the measurement data comprises

processing the measurement datainto an inference about the infant and comparing the

/\J\
ol

inference to the development model, wherein the inference includas one of receptivity to
learning, infant well-being, presence of caregiver, environmental factors, safety of infant, or

emotionai stete of infant, and wherein the secend module of Isaming content is selected to
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be more difficult than the first module of learring content if the inference is detestad to be at a
heaithy level for the infant,
7. A method corprising:

identifying a firsl moduie of iearring conlent previcusty prasaried 1o an infant along with

W

measuremert data for the infant, the measurement data chiainad during presentation of the
first module of leamning conient from a pluraiity of sensors associated with an infant
monitoring device,
analyzing the measurament data in relation to g development medsi obtained from a remole
platform to determine whether the first moduie of leaming content was appronriate for the
10 infanti, the remote platform configured to recaive information from a plurality of monitoring
hubs associated with a plurality of infant monitoring devices;
datermining a developmental age for the infant based on the whether the firsi moduie of
leaming content was appropriate for the infant as reflected by an analysis of the
measurament data; and
13 presenting & second moduie of learming content custornized to the developmental age of the
infani.
8. The method of claim 7, wherein the measurement data includes motion,
temperature, position, and galvanic skin response. '
9. The method of claim 7, wherein analyé%ng the measurement data comprises
20 processing the measurament data inio an observation about the infant and compating the
observation to the developmeant model, wherein the observation includes one of sleep,
mobility, siress, position, comfort, health, vigilance, or articulation. '
10, The method of daim 4, whersin the first meduie of lsaming content is deemed
ingppropriate for the infant if an undesirable leve! of stress is detected. -
25 11. The methad of claim 8, wherein the sscond module of learning content is

selected fo bs more difficult than the first module of isaming content if an appropriale level of

12. The meihed of cdlaim 8, wherein the secend medule of leaming content is
selected to e more difficult than the first module of learning content if an appropriate lovel of

comfort is detected for the infant.

Ly
o]

13. The method of claim 7, wherein analyzing ths measurerent data comprises

processing the measurement data into an inference about the infant and comparing the
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inference to the development madel, wherein the inference includas one of receptivity to
learning, infant well-being, presence of caregiver, environmenigl factors, safety of infant, or
amotional state of infant.

14. The mathod of claim 13, wherein the first modile of leaming condent is deemed
inappropriate for the infant if an uf*.desérable emational state of the infant is detected.

15. The method of claim 13, whergin the second module of learning content is
seiected o be mors difficult than the frst module of learning coritent if ar appropriate level of
aceplivity to leaming is detecied for the infant.

18. The mathod of claim 7, whersin the second module of learning content includes
informational material or suggestions for a caregiver associated with the infant.

17. Amethod comprising:

idantifying a firsl module of learaing content previously presenied to an infant aleng with
measurament data for the infant, the measurement data obtained during presentation of the
first module of learning content from a plurality of sensors associated with an infant
monitoring devioe;
anayzing the measurement data in relation {c a deveiopment moda! abtainad from a remote
plaiform to detarmine whether the first module of learning conteni was too difficult for the
infant, the ramote platform configured to reseive information from a plurality of monitoring
hubs assosiated with a plurality of infant monitoring devices;.
selecting more challenging material for a second module of lsarning content if the first

modue of learning content was not too difficult for the infant and selsoting less challenging

too difficult for the infant, and
preserting the second module of tearning content  for the infant.

18. The method of daim 17, wherain analyzing the measurement data comprises
processing the measurement dala into an observation about the infant and comparing the
observation to the development model, wherein the obsesvation includes one of sleep,
mobiliy, siress, positicn, comfert, health, vigilance, or srticulation, and wherein determining
that the first medule of learning content was too difficult for the infant includes datecting an
undesirable leval relating fo the observation.

18. The method of claim 18, wherein the undesirable measuremsnt is an

undesirable laval of stress,
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20. The methad of daim 47, wherain analyzing the measurement data cornprises
precessing the measurement data inio an inference gbout the infant and comparing the
inférence to the development mode!, whereirn: the inference includes one of receptivity to
fsarning, infant well-being, presence of caregiver, envirchmental factors, safety of infant, or
emotional state of infant, and wherein determining that the first module of leaming conient
was too difficult for the infant indludes detecting an undesirabls level relating to the inference.

21. Ameihad comprising:

recaiving measurement data transmiited from a pluraiity of infant monitoring
systems, the plurality of infant monitoring systerns each including an infant monttoring device
and an infant monitoring huk, the irfant monitoring device configured to gather measurernent
daia for an infant and the ronitoring hub configured to process the measurerment data;
generating a development model at 2 remole infant developmental analysis platform, the
development modei reflecting a relationship betwsen measurement data and desirable
emationai stales for infants al various developmental ages; and ‘
sending the develepment modei to a first infant monitoring systam,

22. The method of claim 21, wherein the first infant monitaring systemis onhe of the
pluraiity of iniant monitoring systems,

23 The method of claim 21, wherein the development modei is pariodicaily refined
based on additional measurement data received from the plurality of infant monitoring
systems,

24, The method of claim 21, wharein the pluraiity of infant monitoring sysfems
changes over time.

25. The method of claim 21, whersin the measurement deta includes galvanic skin

rgsponse {GSR),

no

2. The methad of claim 21, wharain the measurement data inciudas moticn.
27. The method of claim 21, wharein the measurement data inciudes lemperature,
28. The method of claim 21, wherein the measurernant data includes position,
29. An infant developmental analysis sysiem comprising:
an interface configured lo receive measurerment data transmitted from a plurality of
infant manitoring systems, the interface configurad to send 2 developmental modsl to a first

infant monitoring system; and
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a processar configured to generate the development model, the devsiopment
model reflecting a relationship beiwesn measurement data end desirable emotiongl states for
to infants at various developrental ages. '

30. The infant developmental analysis systern of claim 29, wherein the first infant

W

monitoring system is one of the plurality of infant monitoring systerns.

31. The infant developmental analysis system of claim 29, wherain the
developraent medet is pericdically refined based cn additional measurement data recsived
rom the pluraiity of infant monitoring systems.

32. The infant developmental analysis system of claim 29, wherein the pluratity of

10 infant monitoring systems changes over time.

33. The infant developmentai analysis systern of claim 29, whersin the
measurement data includes galvanic skin response (GSR).

34, The infant developmental analysis system of claim 29, wherain the
measurament data includes mation.

135 38, The infant developmental analysis system of claim 29, wherein the
measurement data includes temperature.

38, The infani developmental analysis system of claim 29, wherein the
measurement data includes position,
. 37. A computer readable medium comprising:

20 computar code for receiving measurement data transmilted from a plurality of infant
monitoring systems, the plurality of infant menitoring systems each inciuding an infant
monitoring device and an infant monitoring hub, the infant monitoring device canfigured to
gather measurement data for an infant and the monitoring hub eonfigured ¢ process the
measurement data;

25 computer code for generating & development model st a remote infant developmentai

andysis platform, the development modei reflecting a relationship between measuremant

data and desirabis emoticnal siates for infants ai various developmental ages; and
computer code for sending the deveicpment medeld (o a first infant monitoring system.

3&. The computer readable medium of claim 37, wherain the first infant monitoring

(¥R
——

Loy

systam is one of the plurality of infant monitoring systems.
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39, The computer readable medium of claim 37, wherein the developmerit modal is
periodically refined based on additional measurement data reseived from the plurality of
infant menitoring systems,

40 The computer readable medium cf claim 37, wherein the pluraiily of infant

3 monitoring sysiems changes over fime.
41. An infant monitering hub comprising:
an infant monitoring device inlefface configured ¢ receive measurement daia
transitted wirelessly from a plurality of sensors associated with an infant mcnitoring device
the infant menitoring device configured (o be worn by an infant;
10 a camera interface configured {0 receive sensor data from a camera, the camera

located in proximity to the infant, wherein the sensor data comprises visual dats of the infant
and
a processar configurad to determine a physiciogical measurement of ths infani
based on the measurement data received from the infant monitoring device and the visual
15 datareceived from the camera.
47. The infant monitoring hub of claim 41, wherein the physiclogical measurement
includes temperature of ihe infant.
43 The infant monitoring hub of ciaim 42, wharein the plurality of sensors includes
a temperature sensor,
24 44, The infant monitoring hub of claim 41, wharein the physiological meastrsment
includes motion of the infant,
45, The infant monitoring hub of claim 44, wherein the plurality of sensors inciudes
atri-axial accelsrometer. /
45. The infant monitoring hub of claim 41, whersin the physiological measurement
25 includes position of the infant,

47 The infant monitoring hub of claim 46, wherain the plurality of sensors inciudes

48 The infant monitoring hub of ciaim 41, wherein the physiological measurement
includes galvanic skin response {GSR) of the infant.
30 44. The infant monitoring hub of dlaim 48, wharsin the plurality of sensors includss

agal\mn'(‘ akin response (GSR) senscr.
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£

50. The infent monitoring hub of claim 41, wharein the processor is further
configured to defermine the physiclogical measurement of the infant by comparing the
reasurement data and the visual data to an infant deveiopment mede!, the infant

developent model received from aremote piatiorm that generated the infant development

W

model based on aggregated measurement data and sensdr data from a plurality of infant
monitoring systems.
51. Amethod comprising:
receiving measurement data at an infant monitoring device interface, the
measurement data ranemitted wirelessly from a plurality of sensors associated with an infant
16 monitoring device, the infant menitoring device configured {o be worn by an infant;
recelving sensor data at a camera inteiface from a camera, the camera located in
proximity to the infant, wherein the sensor daia comprises visual data of the infant; and
determiring 2 physiclogical measurement of the infart based on the measurement
data received from the infant moniioring device combined with the visual data received from
13 the cemera by using a processor.
£2. The method of claim 51, wherein the physiclogical meastrement includes
temperature of the infant.
53 The method of claim 52,-wherein the phurality of sensors includes 2 temperaltize
sensor.
26 54, The meihod of claim 51, wharein the physiological meastirement includes
motion of the infant,
54, The method of claim 54, wherein thas pluraiity of sensors includes a tri-axiai
aceeleromelar.,
58. The method of claim 51, wherein the physiological measurement inciudes
25 position of the infant,
57, The method of claim 56, wherain the pluraiity of sensors includes a gyrescops
58. The method of claim 51, wherein tha physiclogical measurement inciudes
gaivanic skin response {GSR) of the infant.
£8. The methed of claim 58, wherein the plurdgiity of sensers includes a galvanic
36 cidinresponse {GSR) sensor.
50, The method of claim 51, whersin the precessor is further configured to

determine the physiologicel measurement of the intant by comparing the measurement data
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and the visual data to an infant development meded, the infant deveiopment model recelved
from a remote plaiform that generated the infant development modei based on aggregated

measurement data and sensor data from a plurality of infant monitering systems.

68



PCT/US2016/026067

WO 2016/164375

1/17

[ 203

Sl
ULoReld

W

j O

1548 S0

£01 SHoS(} SULIOHUON [BY07]

|
|
|
|
|
|
! a01 o7
|
|
|
|
|

m

_

_

_

_

_

_

_

| Reademy 1UBJUy

_

_

[

_

e
_ 141 L1

[

| y A

_

_

— il ;w: I
71 O01AS( SULIOHUO]

QN SUBOHUOW 611 B SIGBIEAAL

TOT WRISAS SULIOLUO] [8007T




PCT/US2016/026067

WO 2016/164375

2/17

V7 an3Lj

[1Z WANSAG
SULOIUOW

BHONR[

107 AUnungo}
SULOIIUO] tueju]

GOT WIRISAY
SULIOTIUORY

707 WRISAS
SULOLIUOW

61¢

TOT WsiSAg
FULICIIUORY

CO7 WRISAS
SULOIUO]




PCT/US2016/026067

WO 2016/164375

3/17

g7 2andyg

P T

44444444444444444

A
“

\\\\\\\\\\\\\\\\\\\\\

S
s
e

oy
St
o




PCT/US2016/026067

WO 2016/164375

4/17

¢ oy

ove
Aqeg Jo
DIRIG [BUOTIOW

~

LVE Aqeg Jo Alajes

523
SIOIE ] [RIUOUIUOHALY

ere
AIEOIE]Y JO BOUDSRIg

[vE Sued-[lom Ageq

o
Qg

FuruIes§

Q
o

1 Anandeosy

€T SOOURIOJU]

7EE UOnRIOIIY

CTL QOUBJISIA

£t WHEsH

fee HoJuoy

GLE Uomisod

7T SS848

£~

<7t Ao

gce deals

1SS SUCHRAISSGO)

TZ€ SUISSR00Ld QR

cog induy 1oaiSan

T weang 0apIA

T1E spaa opny

T1i€

BYe(] {S)IOSUOS [RIUSIUOIIAUg

60€ [esnoly

IO uonisod

c0¢ eameroduis |

£ UOHOW

TOS BIR(] @018y

SUUOITUOA 1URJUY STGRIVO A4




PCT/US2016/026067

WO 2016/164375

5/17

$ 2un381g

6TF
o SuULOHuoW

TZF
adi
Ly
AIOUISIA JOSSe30Eg
44
I0BJIOIN] TTF 17
FuIsIey) 0SU2E NSO od0as01A}
(547 607 Loy
AR I05U98 IBIBLHOINROOY
UOISSTIUSTRI | paneisdwo p RINE~UY
COT 201AS(] SULIOIUOIA FIBTUY
COT SUISe]) O[BILA AL

10V e31ae(y
SULIOITUON TURJU] S[GEIRI AN




PCT/US2016/026067

WO 2016/164375

6/17

V' IngIL]

NP B
O3TAS(] FUTIOIIUOA]

TUBJHT 9]GRIBO AL

60%

108
IOTAS(Y SULIOIUOTA] JUBJUY



WO 2016/164375 PCT/US2016/026067

7/17
3
LY
(W
L)
o o
w E
50
» vt
L;“‘

2

517
A
501
519
5
Figure 5B



WO 2016/164375

PCT/US2016/026067

8/17

Providing Measurement Data Associated
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