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EMPATHETIC USER INTERFACE, SYSTEMS, AND METHODS FOR
INTERFAUING WITH EMPATHETIC COMPUTING DEVICE

HHH This application clatms prisrily o L8, Provistonad Application No. 6271 19,608
filed Februgry 23, 2018, which spplication 1§ incorporated herein by reforence, v i

cntirety, for any purpose.

TECHNICAL FIELD

jou2} Examples deseribed berein relate generally to empathetic computing systems,

O

such as counputing systems having an empathetic interface for interfacing with a user.

BACKGROUND

1483} Computing syvstems. have become uhiquitous in our daily Bves. A user interacly
with a computing system (e.g, a computer) through o wer interface, which is typically
a graphical user interface. Graphical user interfaces of currently Known computing
systerns typically necessitate use of cedan hardware, such as kevboards, pointer
devices {e.g., mice, ackpads, and the Hike), monsors, and more recently touch soreen
interfices, in order to enable the user to inferact with the machine (8. conypuier). For
example, & user may be required 1o push a buttont on a kevbosard or a pomter device or
tactually input specific mformation via a touch sereen mterface 1w order o effect a
communitation of interaction with the computer.  Correspondingly, information &
compunicated back to the user typically praphically on o computer moniter (e.g. an
LOCD sereen or simlar display devices).  Use of conventional user interfaces
accordingly requires exphioit commands to he provided by entering specific information
o ap nput device.  Computing systems penerally are unable to interact seamlessly

with users by, for exanple, reacting to nataral movenents of users,

SUMMARY

{804} Examples described hevein relate generally to empathetic compating systems,
such as conputing systems having an empathetic interface for intorfacing with 8 user
According to some exaraples, & method of interfacing with an empathelic conputing
system ey inclade receiving sensor data from sensors of an empathetic computing

device, wherein the sensor data ix gensrated by wser interaction with the empathetic
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computing deviee, the user interaction comprising a pluralty of mferaction unus,
receving, contextual information assoctated with the user interaction, classifying the
sepsor dsta as 3 sequence of interaction unily ustng stored associations befwesn
exenyplary sensor data and pre-deternuned interaction units, and providing feedback
with the empathetic computing device, wherem the feedback s based, at Teast fn pat,
on the seguence of nteraction units and the contextual information.

{005} According to some examples, gn empathetic computing device may melude a
processor, a phivality of sensors configured o gonerate sensor data based on user
interaction with the empathetic compating device, the user interaction comprising a
plurality of interaction anits, and & menory operatively coupled to the plorality of
sensors and the processor, the memory comprising stored sssocmtions between
exemplary sensor data and pre-determined Interaction units, the memory farther
comprising progessor-executable mstruchions, which when executed by the processor
cause the empathetic computing devics to receive contextual information associated
with the user inferaction, classify the sensor data as a seqoence of inferaction anits
using the stored sssocistions between exemplary sensor data and precdefermined
interaction units, and provide feedbagk based at least i pat on the seguence of

frteracto units and the contextual infornuation.

BRIEF DESCRIPTION QF THE DRAWINGS

] Fig. 1 i an operational environment for an smpathetic computing systent
according to some exampies of the present disclosure,

{007} Fig. 2 3¢ a hlock diagram of sn empathetic computing device according to some
exampes of the present disclosure;

{808} Fig. 3 18 a block diagrmn of the empathstic computing device i FIG. 2
aceording to some examples of the present disclosure,

{809 Fig. 4 15 a table of pre-deternuined interaction units for use with an empathetic
computing devive in accordance with some examples of the prosent discloswre.

{1 Fig. § is another table of pre-deternuned  iteraction wwits for use with an
eropathetic computing device W accordance with some oxanydes of the present

diselosure.
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{011} Fig. 6 ix a process diagram for an enpathetic computing device i accordance
with stune exampies of the present disclosure,

012} Figs, 7A and 7B are process dlagrams lostrating stages of cmpathems
exirsction and stave ransidons of an cmpathetic computing device n acvordance with
some exaroples of the present disclosure,

{813} Fig. B iy a process diagram for empatheme extraction by speech recognition in
accordancs with some examples of the present disclosure.

{14} Fig. 9 15 an iHostration of an ompathetic computing device according further

examples of the present disclosure,

{315} Fig. 1 1s & bottom portion of the empathetic compating device 1n Fig. @
016} Fig. 11 s an fHustoation of g sequence of inferaction unity extracted during a

aser mferaction session i accordance with some examples of the present disclosure.

{017} Fig. 12 15 av fllustration of an example of feedback generation responsive o
user vocalization i sccordance with the present disclosure.

{018} Fig. 13 15 a table of sound pleces for sse m generating audio feedback
aceordance with some examples of the present disclosure.

{119 Fig. 14 ixan sxemplacy dats sdnicture wran empatheme database 1 agcordancs
with some examples of the present disclosure,

{201 Fig. 15 i3 an dlostration an copatheme service platform in accordance with
stune examples of the present disclosure.

{021 Fig. 16 15 a table showing exenplary wesults of a date analysis process in
accordgnce with some examples of the present disclosure.

122 Fig. 17 & an idlustration of recursive loops of example empathemes in
accordante with some examples of the present disclosure,

o “

{023 Fig. 18 is an illustration of stochastic analysis that may be performed on

emputheme datg v accordauce with some examples of the present disclosure.

BETAILED DESCRIPTION

{24 Examples: of the present disclosure are divected 1o empathetic computing
devices and empathetic computing systoms. An enpathetic computing devics may by

any computing device, mcluding a portable electronic device such as a smart deviee,

st phone, eic, which s confizured o execute an operating sysiem witliving an
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compathetic user faterface,  An copathet computing system may be a computing
sysiem, which moludes ot least one empathetic conpputing device.  Ap empathelic user
pterface may be @ user mterface which is operable to perform functions responsive o
natural human actions {alse reforred to as natural human behavior), such as a user
approsching the empathetic computing device, the wser taking the empathenie
computing device In hand, the user speaking or making a faclal expression, a'gestures g
change in posture in proximity of the empathetic conmputing device, movenent of the
empathetic compoting device by the user or relative movement of the user or the user's
body part relative fo the empathetic computing device, the user placing the empathetic
computing devics back onto the sapport surface {(fable, desk, cownter, battery chavger,
ote}, and the like. These natural human actions are exemplary only, and the emipathetic
computing device may perform functions responsive to virteally any natural buman
action, further examples of which will be finther deseribed.

{825] i some examples, systoms and methods for enyrathic communication batween
user and a computing devive are deseribed. The tenmy eapathne and empathetic may be
interchangeably used heretn.  According 1o some exmmples, an empatheme langusge
may be used to enable empathetic conununication bebween user and computer. In song
examples, the empatheme language and comesponsdingly the cmpathetic: computing
mterface may be hutlt arcand the naturad interaction of a numan with an object (e.g., the
empathetic computing device) which may be designed o be touched - or held o the
uset’s hand. In somme oxamples, the epathetic computing device may accordingly be ¢
hand-held device, In some sxamples, the empathetic computing device may be shaped
and stwe 0 be comfortably held or grasped by the user and more particulady it ma
nser’s pain.

{826} An empathetic computing device dccording o the present disclosure may be
contfigured to acquive sensor data with ove or wore sensots onboard the enpathetic
computing device and classify the sonsor data into 2 seguence of interaction Wity in
accordancs with stored associations botween exemplary sensor data and pro-determined
interaction units {e.g., empathemes). The interaction units may be extracted from user
interaction such az natoral human action ncluding but not Hmited o verbal (eg.,
speech and non-speech sounds andfor atterances) and noneverbal (e.g., facial, gestural,

postural} expressions, and the ke. The empathetic computing device may be operable

4
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to provide feedback of the sequence of interaction uniis that may be exivacted from user
ipteractions. Methody and svalems according tov the presend disclosure may be meful,
by way of example and not Hmitation, in applications directed fo memorializing aspecls
of a persen’s e where conventional inferaction pay prove oo cumbersome,
distracting, anddor impersonal to be effective or desivable.

{827} For example, 8 is widely known that frving 1 bring attention 10 one's own state
of nund s g oearly step o rawsing self-avareness. A simply act of noficing,
appreciating andior learning from everyday achivities may produce 8 positive effect that
deepens a person’s conscinusness aboat his or her own bebavior Briefly, seli-
awareness may allow a wser to focus on broader desires and goals. Mamtaining 3
heightened self-awarsness through constant effort i dady Bl nurtures hundfulness,
which in turn provides more opporiunities to realize something new and further
toprove  selfawareness.  Howsver, a habit of mindfulness is not developed
instantanecusly. meguiring both constant and continuous effort o reflect and review
cneself, To facilitate such reflections on a daily basis, there are many proven
approaches. such as keeping a diary, perforoung selfwetlection riteals. and
implementing guided seli-help peactices.

428} While opportunities to achieve mindfuiness abound in the mingtiae of dajly life,
moat ave overfooked, unnoticed, anddor forgotten. Tt simply unpossible to make note
of, or even be conscious of, every moment, Maay offorts wlng personal compaters,
smariphones, sad other computing devices have strived to capture these opportunities
i daily life, thereby allowmy a person track histher activities, categovize his'her moods

or emotions, or record moments for Iater review,

1291 However, none of these offorts effectively ovircoine idsuss partaining o the
short attention spans of users andior linHations of the vompuierfuser interface. Often

opportunities 1o achieve deeper realization are ygnored or forpotten because interfacing
with a device duting device operation, inclading touching a scresn on 4 smariphong,

typing fext-on & kevboard, using a mouse, o pavigating sn interface, refpdres 3oaser's
attention aud inevitably distracts the user. In particalar, the opportuity to bnng the
user's atlention to bisther ow inner state of mind may only last for a briel mowment, and

15 eastly missed or ignored, even from relatively small distractious.
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{630} An additional problem with conventional methods has been maintaining user
effort over time, The peed for repetitive operation of a device (o captere opporiuniiieg
can dimintsh 8 pser’s metivation to punsee mindfblnesy as usage of the device for this
purpose may feel increasingly cwnhersome over time. Ffforts to caplure opportunitios
often do not last long and pursuing mindfulness becomes difficult to achieve withowt @
hetier approach.

Accordingly, embodiments of the present invention may enable the user {0 capture
apportunities i darty Bl that may lead o mmproved selfawareness and mindfudness,
white mitigating the effort requived of a wser o captive such events. In contrast to
conventional approaches, a user may easily and conaistently be aware of tus or her state
of mind by interfacing with an empathetic computing device through simple and ensy
inferactions, such g8 those based on natural haman behavior  Addwionally, data
gathered and generated through wser interaction with aiy empathetic vomputing device
or systemn miay be wseful within & context of “helping others.”™ Such user mieractions
may geperate infrmation which may be usefal not only o the user but to others {eg.,
persons ov entities thal may be assoviated with the care of the wser).  For example, user

interactivnss with an emypathelic computing device may. provide @ means fir oblaining,

i & non-intrusive mamner, inftrmation related to the well-being o habits/patterns of a

wser which may then be nmade accossible to cavegivers (e g, family doctor, ete). These
usecases for data gathered and ponerated through user inleraction with an epathetic
computing device of system are exemplary only and many other uses of such data will
be appreciated i view of the present disclosure,

{3 Exaroples of the present disclonwre are divected o systems and methods for
empathic mterface with 8 computing device (alse refared t a8 empathetic
comnmunication betwesn a user and a computing deviee). According 1o some examples,
ant empatherme loguage way be used to enable extraction, orgumzation, and stortog of
mieraction units {also referred to as empatheme beads of moments) from natural haman
behavior (noluding verbal (oo, sounds or speechy and noneverbal {eg. facial)
expressions, gestures, posture, eic.) and providing feedback of the extracted interaction
wnits,  The ompstheme langoage described hereln may be a building block for an
empathetic computing system configured 1o excente an empathelic operating system

{ulso referred to s enpatherme 08), wip.,-an operating system ulilizing and empathetic

6
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user interface.  As descnibed hereln, devices, systems, and methods for empathetic
computing may ulilize an empathic. computing environmant with & computsaiuser
isterface built around an empatheme language. Certain details of desortbed ouamples
as provided in the following description and drawimngs ave set Torth below fo provide a
sufficient understanding of embodiments of the invention. However, it will be clear to
one skilied in the art that embodiments of the fyvention may be practiced without one
ar more of these particular details. For example, sspects of the present disclosure, as
generally deseribed herein and ilstrated in the drawings, can be arranged, sobstituted,
combined, separated, and designed v a wide varety of different configurations, all of
which are nmplicitly contemplated heretn. In some instances, well-known circuits,
control stgnals] timing protocols, and sofware pperstions have not been shown in detaid
i order to avoid wonegessarily obsouring the wivention.

{832} Empathetic computing svstem

{033} Fig. 1 iz a block diagrany of an empathetic comyputing system 100 according to
an embodiment.  The empathetic coanputing system 100 nay melede oae or move
eopathetic computing deviee 101 e.g., so empathetic computiog device doplemented
i1y the form of ayy abot, which way be configured with an onyprathetic vser inderface The
empathetic computing devices may be configured for empathic communication (8.2,
via an empathenie language) with g user 120-1. The empathetic computing device 110-
I may be toplemented I dccordance with any of the examples of enpathetic
computing devices described in U8, Patent 9,218,085, which i inctrporated herein by
reference w s entivety for suy purpose.

8344 In some examples, the empathetic compuling device 110-1 {e.g., abol} may be
commugivcatively coupled o & server 130, The server 130 may be compunicatively
coupled to a storsge devive 132, which may be wncorporated nte the server 130 or
tocated remotely from the server 1300 The storage device may store empatheme data
134, an emputhemse fibrary 138, and executable tstractions for one or more erpatheme
applications 139, The smpatheme data 134 may be stored In an smpatheme database
136 and may store user datg assoctated with user interaction with an emnpathetic
computing device. The server 130 may be configured with an empatheme Q8 andior
may execuis ong of more empatheme applications 139, in which cases the server 130

may- alxo be reforred to as empatheme server {30 In some examples, the server 130

7
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mEy use a conventional operating system and may be used for storage, fuether
provessing, and later actess of daty sogquired with an erapathofic computing devige,. it
will be understood also, that in seme examples the empathetic computing device 118
may operate without requiring aceess 0 oy exchange of infonmation with server 130, In
other words, an empathetic computing device 110-1 1 scoordance with the examples
hereit may operate as & standalone empathetic computing system.  In some examples,
the empathetic computing device may be m conunynration with any number of kotally
ov romolely located conventional computing devices such as laptops, handbeld
computing devices (e, sinartphones), home entertainment devices, or other consumer
clectronic devices.

AR It will be appreciated that any nwmber of enpathetic computing devices and
users muy be associated with the empathetic computing system 108, In the tllustrated
example, two copathetic computing devices HG-1, 102 are illestrated, each
associated with a wser 120-1, 120-2) hewever i other oxamples, fower o larger

munber of enpathetic computing devices may be communeatively voupled to the

P

grver 130, While typieally o given enpatbetic computing device may be associated
with:a single user fe.g, confizured {or empathetic conununication with g particular user
and generally not respousive to other usersy, i some examples the given empathetic
covpputing device may be associated with and responsive to a plurality of users. The
empathetic computing system 10 way work in conmjunction with one o miore
conventional computing devices 148-1, 1402 (g, invluding byt not limited &0 a

personsl computing device such as laplops, smartphones, tabless, or the like).

{36} Empathetic computing device
{8374 An empathetic computing device 1y acdordance with: some exXamples may be

implemented in the form of an abot. Figs. 2 andd 3 ar¢ block disgrams of an enpathetic
coapputing device 200 (e g, abot) according to some examples herein, The empathetic

comnpating device 200 may be used o unplement any of the empathetic computing

devicss herely including the empathietic computing devices 110-1, 116-2 i FiGG. L
{138} The block diagrany in Fig. 2 fllustrates cortain hardware compouents and Fig, 3

Hustrates functioral blocks including an exemplary operating system of the empathetic
computing device 200, The empathetic computing device 200 {e.g. abot) may inclade

sensors 210, memory 226, and-a processor 230, The memery 220 may include one o

8
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more volatite sad one or wore pon-volatile stomge devices. Non-volatile storage may
beoused for persistent storvage of data feg.. wser dota 224) and processor-executabls
jnstructions 226 for performing functions of the empathetic computing device 208, In
some examples, the processor-executable instructions may mclude structions fw
executing the empatheme 08 360 ncluding functions associated with the enpathetic
user interface 262.

{139} The architecture of the empatheme OF 260 may melude g system software laver
269 that handles basic computing functions such as resource managament, power
management, hetwork management, ete, a software laver that handles data processing
{e.p., feabuwe extraction and sensor data classification as reloted o empatheme
comunication), and one or more software layers assectated with the cmpatheme
language suite 264 and functional modules 266, The functional modles may perform
functions such as sxternal device conpeotivity, for example, connecting o other
computing devices, home electronic devices such as TV set, media devices that can
frangile personal or media confent through external internet services.

1140} The empathetie computing device 200 {g.g., abot) muay be configured to record
sensor data 212 and process the sensor data o ypdement the empathefic user interface
262, for sxample to extract interaction units from user interacticmn with abot, organize
the interction units into a sequence of interaction units, desect andior retrieve
contexiual information (also referred to a8 context) associated with the user interaction,
generate. feedback (e, audio, visual, andior haptie feedback), sndir cause the
mfvrmation related to thie user nteraction 16 be stored in the form of computable data.
To that end, the empathetic compating device 20 {e.g., abot} may nclude one or more
sensars 210 icluding, but not hinwited 10, progimity sensor{s), motion sensor(stsuch as
accelerometers, gyroscopes, ohmpasses, ertial measurement nmits {(IMUs), Hght
sensor{s), pressure, lemperature, and/or heat sensor{s), audio scosor {g.g. microphone),
upage sensor(s) (e.g, camera), and others. The empathetic computing device may be
configured to witeless comnmunication with other computing devices {e.g., personal
computer 140-1, server 13040 FIG. 13 To that end, the empathetic vcomputing device
may inclade one or more commubpication devices 216 {sg., Wi-Fi conunanication
device, Blustooth device and other near and far field communication devices) calular

comnunication devices such as 3G/46 dats, ote). The seasors are operstively coupled

9
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to the memory and provessor for recovding user data, vetrieving information {e.g.,
current date, time, ete ). The sensors may be conpled o one or mors flters 242 (eg.,
kalman filter, low-pass filter, band-pass filter, or others) fiw example for filtering out
notse fromn the recorded sensor data. In somwe examples, the filters may be jncorporated
within a controller 340, which received the sensor date, pre-processes it before passing
it b the processor 230 for empatheme extraction.. In some examples, the processes of
the controdler 240 myy be integrated within the processor 230,

{841} The sensor data 212 may nclade voice data, image data, movement data, and
the ke Voice data may be generated from speechfuticrances of the user and may
include Hnpuustic and paralinguistic clements.  Image data may inchede recorded
nnages and/or video of the user’s sttions. {mage duta muy captuee facial expressions,
body language or expressions, posturesigestures, and the ke Image recognition
techuiques {e.g., facial andfor object recognilion) may be wsed to extract information
from imape data for use in the cigesification jrocess described further below.
Movement dsta may melude natural actions, body movement of the user moluding
relative movement of user with respect to gbot. For example, user approaching abot,
taking abol i hand, moving abot, shaking abot, grasping abet, placing sbot back onto
the table/desk surface may be captures using movement data generated by a vanety of
sensors includiog proximity, touch, motion sensors and the like,

{042} The sensor data 212 may be in the form of sutlii-dimensional-data obained by
simultaneously revording duta {e.g., voice data, image data and movement data) from
multiple sources (e.g., sensors) suddor supplementing the recorded data with additional
information fe.g., contextual nformation}. By captving multi-dimensional data in this
way, the empathetic computing devics (e abotd may be able o mere effectively
capiure & greater number of nuances of natural human expressioms (g, as exuiactked
from image snd moton data) and natural human language (e g, a8 extracted from voice
datay for use in the ompathetic user mterface.  Additionstly, by supplementing the
record sensor dsta of the user’s actions with context data, which may include data
reprasentafive of the way a given user inferaction was performed {e.g, closeness,
clearness, calmness, continulty, constanoy, oo} as well as environmental parameters
{e.z., date, time, ambient temperatuve, light, hanudityl, the user mieraction may be

further:characterized o obiain yoi additional nuances of the user’s teraction with the

10
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copathetic computing device 200 (e.g., abot), Portions or sll of the voice data and
image data migy be slored locally owthe empathetic computing devics (e, iy ey
224y andior W some cases remotely, e, on the server 130 or a conventional
cennputing device, and later accessed for playback.,  Additionally wmovement data,
contest data or other data associated with 8 user interaction nay also be stored on the
empathetic computing device 200 as well as other computing devices including the
server 130 01 8 comventional computer for future analyvsis, for example for pattern

recogniion.

{143} Empathetic user interface and empatheme O8
{44} The empathetic computing device 200 may be condigured with an empathetic

user interface 262 (also reforrad to as cmpathy interface), which unlike conventional
comnputing systen that rely on divect intentional wser mpot {e.g., via a mouse,
kevbosrd), wlilizes the empatheme bngeage for communicating with the user. The
enpathetior user interface nwy be buill wrownd the empathenie language and may
mclude input components, for cxample i the form of sepsors 210, and output
components, for example in the form of feedback generators 214, The empathetic user
interface. 262 may be condipured in detect and translate naterad human actions into
commrands for performing functions sssociated with the empashetic computing systent
as deseribed herein,  For exanple, the cmpathetic computing device 200 may be
configured to interface with g user without the use of conventional tactde mput devices
{e.g.. kevboard, mwousel, or using fewsr conventional npul devices than may be
conmmon.  In some examples, the empathetic user device may be configured fo interface
with & user using none or fower conventional command-hike inputs, bul toay mstead
extract the inputs from the natwral actions of the user. Generally, the empathetic user
interface 262 may rely not on exphicit commands given by a user, but rather on natuval
actions of the user as detected and perceived by the empathetic computing device 200,
{Bd5] The empathetic computing device includes one or more feedback penerators
such ay sound, light and vibration pencvators, which may enable the smpathetic
computing device to provide output in 8 ane-dimensional {o.g., by penerating output
with a single or a single type of a feedback generator} or multi-dimensional way (e.g.,
by generating sequentially or simultaneously feedback using multiple or multiple types

of feedback generatorsy.  In some examyples, the cmpathetic computing device may be
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configured 1o provide output through whole hodily expression.  The cwmpathetic
compuging device {e.g., abat) may be percetved by the nser an gblect or hody in 18 own
place with Hs own presencs in the user’s environment. The cmpathetic computing
devive {e.g., abot) may interface with the user (e.g., to provide using its full body,
example by titing, votating, rocking, shaking, bouncing, or fully Ulaminating which
foll body actions may be perceived by 4 user g8 comesponding o an indication of
nodding, turning away, lughing, shaking or trombling, jubtlating, and others. o some
examples, the empathetic computing device may include one or more vibration sources
which are operably arranged to allov the eompathetic device to move a8 8 unitary object
thereby providing outpat to the user.

{46} In some examples, the empathetic vomputing device may provide output as g
cemnbination of bodily expression and hight and sound expression akin to huvosn
communication in which a person may both wove a body part or thew whole body
wiile also vocslizing andior providing facial expression {e.g., winking}. Anempathetic
conputing devies may simlarly be configured, m accordance with the examples
herem, to provide a bodily expression {eg., in the form of physical movement of the
obiect which may be abot) iy combinaticns with a hight expression {e.g...an dlommation
of one or more Hghty which may represent 8 winking or a smile) and/or further in
comnhination with sound expression which sy represent vocahization,  OFf course these
exaimples are ithatrative ofly and other conthinations of expression may be used, for
example, the cmpathetic computing device may provide. 3 “vocalization™ feedback
using Hght sources stead of sounds, as further described herein. As will be
appreciated, an empathelic computing devics {&.g. abot) in accordance with the
examples berein may be implemented an object configurad 10 regot, respond and
resonate with the user(s) by presenting tself with multi-dimiensional expressions based
on the muludimensional data captired from the user futeraction through natural human
acHons.

{047} hr operation, the empathetic computing device 200 may acguire sensor data 212
and extract relovant information from the sensar data 212, The sensors 200 may be
wsed to acquire sensor data indicative of a variety of huran actions and envirommental
patameters such as touch, user proximity, sounds {vocal utterance by wser, speech or

nom-speech, as well as ambient sounds and noise), emperature (g, user’s bady
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teroperature detected through touch, ambient tomperstare), lght {e.g, ambient hight

feveld, force {e.g, fome applied by the wser ov-due to impact or falling), touch {s,

instantancons contact with any porting of abot, or profonged contact for example with a

bottor portion of abot as when abot is placed in band for extunple 1o the wser’s palm),

frcial expression {e.g., smile, frown, open mouth, blink, squint, or any other type of
facial expression), oyve racking, movement Wward or sway from ahat, movement of g
user body part towards or gway fom aboet, movement of gbof, change of position of
abot, change of orientation of abot, and wany others. To that end, the ewpathetic
computing device 200 may include a platarbiy of sensors including, but not Hwmited fo,
proximity  sensors {eg., passive infraved sensors), accelerometers, compasses,
gyroscopes, light sensors, touch sensors, heal sonsors, pressure sensors, oand
barometets, an audio sensor {e.g., microphoney and an image sensor {e.g., & camera).
The sensors 200 may be used {0 also obtain contextaal mformation, sach as ambient
hghi, sound, or temperature.  Additionally, contextual infrmation may stch as daig,
time, focation, duration bebwien consscntive interaction units, may be computed andior
retrieved, for example from other sources such as the server 13, using wireless
communication devices 216 {e.g., wireless Bthemnet devices, Bluetooth devices and the
like).

{048} The empathetic computing device 300 may be configured to extract iteraction
anits andfor contextual mformation from the sensor data. The empathetic computing
deviee may include extraction teols 268 for processing the sensor data 5o that it may be
classified info a sequence of interaction unus based on stoved associations of exemplary
sesor daty and pre-defermumed inferaction units.  Individual ones of the stored
asacciations ofexcmpliary sensor data and pre-deternuned inferaction Doy may alsoy be
referred 1o as enpathemes (or empatheme beads), which form the foundation of the
erapatheme langunge and the sequence of interaction units may be referred to as
eropatheme sequence or string analogous 1o 2 sequance or string that comprises a
suptence o natural spoken language. In a way. an empatheme may be thought of as a
wind i human language, an empatheme string may be though of as a sentence in
hman language, and a sequence of or a set of empatheme strings may be thought of as
4 passage of paragraph, and so on. Thus, an empathetic user interface which is built

ypon the empatheny language may be a closer analog to human language and humanize
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o empathetic conumunication that typical conventional wser-nachine terfaces. A
hibrary of associations hetween sxerplary semsor data and pre<determined inleraction
naty, which may also be referred to as empatheme Gbrary 222, may be storad, e.g., I
memory 220 onbeard the empathetic computing device 00, In some examples, the
empatheme lbary may alse be stored on the seover {30 (e.g., ewpatheme Hbrary 138)
which mav facilitate updates to the empatheme language and empatheme OS5

{49} Referring now also to Fig. 4, g table of exenplary smpathemes 270 which may
be wsad 1y sowe examples of the preseat disclosure s tlustrated and desertbed. For
purposes of Hustration, vach empatheme may be wWdentified by a anique Wdentifier 272,
for example in the form of @ waque alphanumeric charaster or string of alphanumeric
chargeters, a snique color bead, or other type of naique identifier. In the table n Fig 4,
15 eopathenies are tustrated; however it will be anderstood that the prinaiples of the
present mvention may be implemented with a fewer or lavger nuinber of empathemes.
For example, an empathetic aser interface may be built around an empatheme language
which mciudes 6, 7, 8, 9, 10 or more empathomes.  In some examples, an empathetic
user mnterface may be built around an empatheme language which mcludes more than
28 enpathemes. o the table 1 Fig. 4, each of the 15 empathenes i» wlentified by 2
onique string of alpha numerie characters as well as by 2 unigue color bead. Refmring
now also o FIG. 3, the table 271 therem iHustrates exemplary sensor data 276 which
may be assodiated with 2 plupddity of pre-determined mievaction gty 278 (eg.
empathene beads). For example, an interaction unit {e.g., enypatheme bead} designa-tsad
as “open™ may be associated with and thersfore extracted from sensor dita indicative of

.'w.

user proxunity. The interaction unit (e, empatheme bead) designated a8 "be” may be
associgted with and therefore extracted from sensor data indicative of user remaining in
proximity for at least a threshold period of time. A “touch”™ interaction unit may be
extracted based on sensor date Tadicative of user contact with a bottom surface of the
empathetic computing device, and so on As previously noted, the specific designation
of the interaction units, the number of the Interaction unis and oxemplary sensot data
associated therewith iy provided for tlustration purposes and other combinations of
these may be operatively used in other examples. Information of the kind shown in
fables 274, 271 may be included in an empatheow libracy (eg., abot empatheme Rbrary

222 andfor server’s empatheme Hbrary 138).
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{8501 Classification of sensor data for empatheme extraction
Agt exeoystary operational seepario will niny bedeseribed with further reference e FIG,
& to further iustrate aspects of the empathelic computing device and the empathetic
user interface of the present disclosure, As desertbed herein, st empathetic computing
device may be configured 1o perform 8 process mchiding scquiting sensor data with
sensors of the emipathetic comphting device, classifying the sensor data nto 3 seguence
of the iteraction units, e by extracting ¢ plurality of mtersction units from the
sensor date usipg stored  associations between exemplary sensor data and  pre-
deternuned interaction wnits, and penerating feedback representative of the interaction
uriity, The feedback may mclude multi-dimensional feedback as deseribed herein. For
purposes of tlustration, phases of the classification provess are delinsated in the
drawing, however it will be anderstood that one or more of the provesses desoribed
herein ocour concurrently andfor i recwrsive loops in which multi-dimensional data
may be recorded sinmultanvousty and data from mulhtiple sources may be simultancousty
processed to extract relevant information.

{051} In o fiest phase, data sssociated with a user interaction may he ascquired, for
example by recording sensor data andfor relreving certain data from other souresy
(o, the server 130}, Recorded sensor data may include cues {e.g., natural human
actions) and seeds (og, human vocalization) as well a8 context {eg, which nay
gualify andifor guantify aspeets of the user interaction). The term cue {Q} may be vsed
1 refer to a user’s natural human expression. A natural human expression may wnclude
natyral human behaviors, meluding body position {¢.¢., in general and relative 1o abot),
posture, haad and Hnger position, and voice alterance.  Examples of cues may be the
wier’s presence, siate of being close, getting closer ty abot, picking abot up by hand,
touching abot with fingers, grabbing, holding, putting sbot in the palm of user’s hand,
putting it down on the table, ete. Other examples of cues may melode the user’s facial
expression, vowce expressions, vocalized speeches, sounds, whether s nolse or not, or
semds by the bodily sction andfor sound from the user’s surrounding af the time of the
bodily sction. Generally, sy natural gesture of the user may by considered a cue. For
example, the action of approaching before touching may be an expresston. Cues may
be geperated by multi-modalmulti-dimensional sensor dafa (e, sensor data from

muiltiple sources recorded simultanvously, Lo, over the same period of time}. The torm
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seed {8) may be used to rofer to sound piece that carries some meaning to the aseris),
typically containing a chunk of words, which myay be captured, processed, crganized,
and wsed in the processes deseribed herein, A seed may mclude Hnpuistic,
paralinguistic, and sonlinguistic information of the sound; generally a seed may be any
other hunan vocalization wncluding but not Hmited 1o vocal gestures such as laugh,
cough, sigh, clearing throat, sl puff, Mow, ate.

{182} Context may inclade iformation regarding how human behaviors are made,
such as-oloseness (O, clearness {C2), calmness {C3), continuity & comstangy (U4),
ete., axwell as context nformation of the serrounding environment, sach as brighiness,
nmonselessness, time, dav, month, vear, sesson, temperature, duration, ste. The context
of closeness may be measured in torms of quantity (duration) or quality of presence
near the empathetic computing device.  The context of clearness nway he measured n
ferims of the quality of vocalization, ambisnt notse from the environment andior haman
actioss while vovabzing.,  The context of calmness mav be measured m terms of
siiliness {e.g, lack of movement of abot andfor movement of user or user's hand,
fingers, ete.} durivg wser interaction.  The context of continuity & constancy (U4} may
relate 1o user inferactions spanning a larger pertod of time (og. a day, a week, a
month}). The cortext €4 may be derived from s number of times the yser inderfaces
with abot, the number of same or sinttlar interactions {e.g., constancy in creating, the
same empatheme bead or empatheme stumg over fime).  Bmpatheme siriags and
atirtbuies thereo! can be analyzed 0 obfatn contextual information pertaining to
constancy, which can then he used w a weigh process in futore yser imteractions fo
provide feadback 1o the user of the constaney of motual mteraction with abot. Natural
niman. language  may  omclods buman  speech, including hnguistic  slements
paralinguistic elements, such as speech tempo, tone of voice, eft., and nonlinguistic
clements surrounding the user as well as the historical context. An empatheme may
mclode the responses also as real time data

{053} Recorded sensor data and contextual fnformation may be ransmitted to the
processor of the empathetie comprating device, which may perform various processes
{o.g., feature extraction, speech and face recogmition, weighing of context, efe} fo
extract interaction units.  The empathetic computing device may reference an

empatheme library {eg, empatheme bbwary 222) with stored associations between
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exemplary sensor data and pre-deternuned interaction units {0.g., as shown in tables
270, 274 The empathetic computing device may generate feedback duting the
extraction and upon completion of an extraction, &g, responsive o the gengration of
the sequence of mieraction units.  For example, the empathetic computing device yauy
generate reflective Teodback (also referred 1o 88 resonance) vesponsive to indivichal
imferaction ety In some examples, the empathetic computing device may genetate
cunndative feedback (g, in the form of a spiral of Hght, a sequence of gudible tones,
or the Hke), Cumulabive feedback may be representative of the sequanice of interaction
ity within a given aser intersction session (also referved to 85 nurhige session). As
deseribed, the empathetic computing device may be configured t© gengrate one or morg
types of feedback, such as visual feedback (e.g.. In the form of light expression); sudio
feedback (e g., 1o the form of sound expression), and haptic feedback (o.g., in the form
of factile or vibrattonal expression). Feedback inthe form of hght expresston may be
generated for example by ilundnating Hahis tn a variety of patterns, such as a spiral, a
star, & flower, 8 sun, concenirie gircles or any othsr regularly srranged array of lights or
a random pattern of bty In some examples, the light expression may be statie {e.g.,
all. highis may be thuninaied substantially stmeBancouwsly) or # nay be achive o
moving {e.2., lHghts may be Huminated i seguenve such as 1o reprosent 8 poving
spiral, or to represcat tays of 8 sun oxpanding radially outward, or others).

{854} At the completion of an interaction session, the empathelic computing device
may store focally andfor transmit for storage remotely certain data. For example, the
empathetic conputing device may store andior ransmit aser data, which may inchude
the sequence of inferaction wais, atinbutes associated with the sequence inclading
gitribates of imdividual intoraction units i e seguence, contentugl infirmastion
associated with the nteraction units andfor the uset nteraction session, as well ag any
recorded voice snd mvage data. The empathetic computing device way store andior
fransmit system data, for example identification information, state and state transition
data, hardware and system states, and others.  Bowill be understood, that storsge anddor
transmittal of data, g, o the server 130, may ocowr i regl time, o.g., dunng a
particular wuser nteraction session such that a wser may bhe able to perceive
systemdhardware state changes as well as monitor the clagstfication/extraction

processes in real fime, eig, vig the server 138, User data and system data associated
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with a particular user and/or eopathenic computing device may collectively be referred
to as epatheme data, The server 130 may include data storage devices for storing
empatheme data assoctated with any number of vsers and any sumber of empathetic
compputing devices, as will be further deseribed also with reference 1o FIG. 14,

{55] The processing of data by the empathetie computing device may ocour at suilli-
or micre- increments of thme (g, every 3, 100 or 13 milliseconds) so as fo approacha
nearly seamiless flow of interaction between the empathetie computing device sad the
waer. As poted herein, the empathetic computing systenomay record and process sensor
data by way of one or move recusive {oops. A recarsive loop may inclade a
communication foop between the empathetic computing device and the user, between
the cmpathetic computing device and the server, between the uset and a conventional
computing system {eg., used 1o sevess stored data on the empathetic computing device
anddor the server) bebween the wser and the server, and 5o on. By classifying the
sensor data and contextual inforniation acguired by the empathetic compating device in
this manner, the empathstic computing systert may be operable o segment nataral
hamay bebavior o indersction wuts and chavacterize, orgamze and store information

assouiaded with these inferaction units in the formy of neaningful computable data,

056} The classification of sensor data in accordance with stored associations {88,
empithemes) may be performed in real fime (e.g., as sersor dats 5 befng recorded)y and
may include featwe exfraction.  Reforving now abo fo Flee 7, the olassification of
stnsor dafa may, for dlustration, be divided inte four stages, fr oxample pre-
empathente, start of cmpathome, sropatheme in progress, and end of empatheme. The
classification may be performed in mulliple favers using mudti-dimensional data (2.8
data from multiple sensors and providing informarion scross multiple variables). ﬁy
amalvring data captured | parallel, such as voickispesch along with sub-stake
mformation as may be derived frow motion data sndfor contextual information {o.g
environmental information), the empathetic computing device may be operable o
classify the sensor data into a wide vanety of cmpathemes. One or mors favers may
include weighing of the recorded sensor data to generated weighted data,

{574 As will be further described, the empathetic computing device andfor server 130
may store user data nchudes index data {e.g., indexing of the seguences, atfvibutes

andfor patterns derived from the formed), which may be used fo mmprove the speed and
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sfficiency of data retrieval and exiraction of subsequent empathenwes,  For example,
nver data stored 1 the empatheme database may be tndexed for case of retrieval andior
comparison with other user data, for example user data that is being generated
presently. Referencing and/or comparison 1o stored date may ccow in real time to aser
data heing presently generated 1o wuprove machine leaming processes of the
cmpathetic compsting device,  In some examples, the empathetic computing device
may be configured to compare a current data set with a stored data set {hustorical data}
to identity stmtlarities such as similarities in sequences of uteraction unis as well as
similarities jo context and modify a response accordingly.  For example, abot may
determine that a sequence or sub-sequence of inferaction units has vecurred in the past
and may vary & paramieter of the feedback (ncrease g brightness of color of the LEDs
during foedback geveration) to signify & repetitive occurrence.  Repeating or similar
data sels may be Hoked andfor ranked appropriately, which may farther facilitate faster
retrieval and comparison in the future extraction and analysis.

{058} fn order for extraction to initigfe, one or more conditions may need © he met
curing a pre-empathere stage. I there s 8 disruption, such as & disruphbive break or
failire o mest & minimum e requirement By a cortain state before extrsction may
begm, the exiraction may be aborted.  As an example, during a pre-empatheme stage
for an “open” interaction uni, & nocossary condition for extraction to begin muay be user
proximity for a prodeterniined period of thpe.  IF the empathetic computing device
receives gn indication (g, from a proximidy sensory of the user moving away frony the
empathetic computing device before a threshold peniod of time has passed, the
extraction process may be aborted. Once g threshold condinon has been met the process
may proceed o the empatheme stage and weighing of sensor dats may be performed

¢.8., W accordance with the contextual information associated with a given user

miteraction.
{839} Before and during an extvaction process, one or mote sensors my be active,

ORE OF MOrE Sensors may be inactive and/or oiie oF moTe sensors may be activated or
deactivated responsive 0 transition of the empathetic computing device between states
or modes:  Activation and deactivation of certain hardware {e.g., sensors, Heht, sound,
andior vibration sources) andfor certain processes {wg., face recognition, speech

recopnition, audio and video recording; sty may occur responsive o certain trassitions
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between states. As sn example, face recognition processes may be activated responsive
to anindication of user facing the smpathene computing device (eg, the user’s face
being directed towands abot’s camera).  Speech recognition may be sctivated
responsive to detecting uset’s voice, Noise detection may be perfonmed concurrently,
ey, during standby mode to remove nose srtifacts and avold unnecessary state
fransitions.

{060} Cenaln interaction umis may facilitate/rigger transition into another stage of
the interaction process andior another state or wode of the empathetic conputing
device (soe also Fig &, which lustrates an example of process for speech extraction),
Por example, the interaction unit of “open”™ may {rigeer gansiion into the pre-
teraction stage, the intersction unit of “touch” may trigper transition into the during
mferaction stage, the ideraction wmit of “ima™ may tngger fransition info 8 post
mieraction stage.  Durning each stape, sbot may be configured to perlormn certan
functions  meluding  presence recognition, face and vorce recogmtion, remote
cormnunication functions, feedhack functions and others. During prosence recognition,
abot may be configured to detect interaction anits associated with presence such as
“he™ interaction wmil, “grow” interaction umil, “wonder” interaction unit and others.
During a feel stage, ahot may be configured to perform facial recogmition, ¢, to detect
“srmile” interaction wl. During the feel stage, abot may alse detect “breathe™ and
“feel” iteraction units. Duting an mspire stage afler “calm™ mterachon unit, sbot may
he configured to perform speech and motion recoguition, e.g. to detect a “wish”
intorction unit associated with speech or utterances of the user.  Durmyg the mspire
stage, abot may abso be conligured o deteet “heed,” “diemy,” and “una,” interaction

M

fmay irigser certain funclions, such

namls, Certain inderaction wnits, such ax “pass
a8 remote communication functions of gbot.  Certaln mtersction wiis may iriggs
retrieval of data associated with previous shmilay interaction gnits. For example,

3

“dreamn™ o Swonder”™  inferaction units ey trigeer retrieval of  previously
recordedistorad deta of previous “dream”™ or "wonder” interaction ynits. Pravious data
may be retrieved based on sindlarities with the present interaction wmt.  Certain
interaction upits may igeer machine leaming processes, for example “wonder™ and

“dream.”
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{61} An exenplary process of mterfacing with an ewmpathetic companing device i
desoribed.  Inttially, the empathetic computing device may be in sfandby mede,
which some of the components andioy provesses of the emypathetic computing devies
are hactive,  In sume examples, at least 8 proxiouty sensor of the empathetic
computing device 18 asctive in standby mode. Upon detection of user proximity, the
empathetic computing device may tansition to wait mode.  The detection of user
OXHNHY MAY OCCur responsive fe recaiving sensor data (e.g., from a proximity sensor}
whith is ndicative of the user being n proximity or approaching the empathetic
computing device. Responstvely, an interaction wnlt, iHostratvely {abeled a8 “open”
may be extracted and reflective feedback corvesponding to the “open” tderaction unit
wiay be generated, for example Hghting a particular LED s particular color,

{062} Lpon wanstion 1o wait wode one or more components or processes’ of the
empathetic devies may be activated while certain other components oF processes may
remain machive,  In some examples, at least one additional sensor, for example a
motion sensor sndfor a touch sensor, may be activated responsive o transitioning ©
ready mode. In some examples, motion and/or touch sensors may remain inactive wntil
the: empathetic computing device fansitioas mfo- ready mode.  The empathetic
computing device may be configured to fransition into ready mode responsive fo
feceiving sensor data indicative of the user remaining fa proximity for at feast &
threshold pertod of thme.  An fnteraction umit, illustratively iabeled a6 “be™ may be
extracted and reflective feedback corresponding to the “he™ interaction unit may be
generated, which may differ from reflective foedback penerated responsive to the
provious or subsequent fnteraction wais.

{8634 Upon detection of movement of the empathefic computing device andior
physical user contact with the cmpathetic computing device, e, as resulting from the
aser picking up the empathetic computing device and placing it in the uwser™s palm, the
empathetic computing device may fransition mto active mode. In active mode, some or
mast of the componems and processes of the empathetic computing device may be
active to enable the moltt-modalimulti-dimensionsl analysiy and extraction of dauta.
The detection of movement of the empathetic computing device andfor physical user
contact with the empathetic computing device may ogour respousive to receiving sensor

daty indicative of change or position, -orientation, acceleraticsr of the empathetic
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conputing device andior contact with a hottom portion {e.g., 8 touch sensitive bottom
surface) of the empatbetic compatmg devige,  Responsively, an interaction anil,
Hlustratively  labeled as “touch” may be oxtracted and reflective  foodback
corresponding to the “touch™ tferaction unit roay be generated, for example lghting a
paticular LED w2 particular color, which wmay differ from the LED andior color
previoushy used for the “open™ and “he” inforaction vRifs,

{664} While in active mode, the ammpathetic computing device may be configured ©
record sudio data andvor image data. The enpathetic computing device may perform
speech recognition and extract interaction units assoctated with sound or yocalization

SN s

by the user {eg., Mustratively labeled Ttonchy™, “soule™, “feel™, “breathe™ “wigh,”
andfor “divmn” interaction uniis). Notably, the cwmpathetic computing device may be
configured to detect paralinguistic clements {e.g., auy vocal siterance such as a hugh,
cough, sigh, cleanng of tyeal, grant, pull, whistley which may provide additional
contextual mformation to the user mleraction. In a sense, the empathetic computing
deviee may be operabie to observe gnd histen to 8 wide vanety of coes {vocal or non-
vocal) to ephance the nustpal Wteraction with the wser.  In some examples, the
empathetic computing device may perform video provessing (e.g., facs recognition) to
detect change in the user’s fagial oxpression or position relative (o the enpathetic
comnputing device, for example to extmct an Wustratively labeled “smile” interaction
anit.  In some exampley, inleraction anils axsociated with remaining still, holding the
empathetic device in g stll horizontal position, and closing andior opening the user’s
hand({s} around the empathetic device may generate reflective feedback assnciated with
other interaction unils described herein,

65 In some examples, the empathetic computing device may be conligured to
pause of ternunate exirsction based on the occurrence or non-oocurence of certaty
condiions. For example, the empathetic computing device may pause recording of
wnage or voice data upon detection of movement of the empathetic computing device in
excess of threshold valugs, The empathetic computing device may be configared o
extract an interaction unit Hlustratively labeled as “calm™ responsive to sensor data
indicative of holding the empatbetic computing device i a stll horizontal position for a
threshold of time, following which extraction may be resumed. B further examyles,

cortainn user actns wmay {rigger itransition mto reflective modes, i which the
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copathetic computing device may be operable to hmasmid user duta generate
cumtiative foedback of & sequence of inforaction units {e.g., Hustratively labeled “ing”
ivteraction unit) andior provide feedback of multiple sequenves such as all sequences
generated during the day thus fir (e.g., Thustratively labeled “diom™ bnteraction unit),

{66} Reforring now also to Figs, 9-11, additonal feanges of awpathetic computing
devices i accordance with the examples hercin are described.  Fig. @ shows an
empathetic computing device in the form of an abot 900, and Fig 10 illustrates a
bottom portton of abot 200 showing certain internal components thereol  Abot S00
may nelade some or all of the features of eppathetic computing devices deseribed 1
the present disclosure as well as in U.S! Pateat 9,218,053, which is incérporated herein
by reference in is eutivety for any purpose. Abot 900 may be geverally palm sized and
have & rounded shape so as o comfortably fit within a user’s band (see Fig. 93 Abmt
900 may have o rounded wpper porlion 302 which may be transparest or tanstucent, and
a rounded bottom portion 904 which may be generally npague. Abot 200 may nclude
O OF METe sensors, for example touch sensors, proximily SERSOrs, MOLOR SENSOTS,
image sensors (e.g., camera 906}, that may be enclosed within abot 900 or operatively
arranged o communication with the antbiencs o record sensor data. Abot 900 may
include a feedback generator in the fonm of & plurality of LEDs 914 (see FIG. 10} In
the lustrated example, abot 900 wcludes 15 LEDs, numbered, for purposes of
Husiration, based on their location on circuit biard 918, In some axamples, ahot may
inchude any numbet of LEDs, forexample 8, 7,8, 8, 10, 11, 12,13, 14, 15, 16 LEDs or
more, 1 some examples, abot nay nclude fower than ¢ LEDs. In some examples,
abot may melude more than 17 LEDs, such as 20 LEDs or morg,

{671 One or wors LEDs may be leminated . simullancousty or i seguence to
provide feedback to the user. A particular number LED or & color of an LED may be
associated with a parbiculay Interaction wnit. In sowe exaples, gonerating reflective
feedback may nclude Blombtation a LED with a color that corresponds o the color
unigquely identifving that type of mteraction et For exampls, when providing
reflective feedback to the intersction unit “open,” a yellow LED may be illuminated,
when providing reflective feedback to the interaction wit “imw,” a red LED may be
shuminated, and so on. As deseribed, the patterns of light ereated by iHlaminating one

or more LEDs may be varied depending on the contextual information associaied with
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any given interaction unit andfor user intersction session.  For exanple, one of mowe
parameters asseoiated with mdividual ones op the plurality of LEDs mgy be varies, such
as color, frequency, brightness and the Hlke, Parameters may be vared af infinitesimal
tgme increments, &.g., $miliscconds (25Hz) or another switable ipcrenent so as the
change to be perceivable by the human eve. To this manner auy manber of variations of
Heht patterns {hight expression} may be created based on the particular sequence and
contexidal infornmtion.  Parameters that can be varied may include color, color
contrast, color intensity, brightness, frequency change, speed of change, and others.
Any number of parameters that can vary the color, sequence and bow the color and
sequence are expressed may be varied

068} Fiao T ilustrstes anexangple of a sequence of intersction uwits 110 that may
be penerated based interaction between user 1105 and empathetic computing device
{e.g., abot 800} dunng an teraction session i aceordance with the present disclosure.
Cumulative feedback i the formi'of & pattern of lights that vorrespond o the sequence
of interaction upits 1110 may be generated by sbot 900 upon the completion of the
interaction session between user and abol. In the Hlustrated example, the sequence of
interaction units 100 (also reforred to ay empatheme string) mohades IR Inferaction
pnits 1112, The sequence 1100 starts with an interaction ungt of the type “he™ {sg.
mteraction 111231} and ends with an interaction anit of the type “tma™ (e, nteraction
anit THIZ-ES) As illustrated wn this example, the empathebic computing device my
detect vecatizations {e.g., vocalized sexds), generate reflestive fecdback following each
extracted wiersction unit andior a cumulative feedhack representative of the sequence.
Although mndividual tueraction waiiy 1o the sequence are thastraled 1o & hine, in some
examples, the cumulative feedback may taks the form of a spiral of Hohis penerated by
a plurality of Hght sources {e.g., LEDs) of the empathetic computing device $00.

{369} As desonbed, the feedback generated by the empathetic computing device may
mclnde reflective feedback corresponding with individual fnteraction anits.  As an

example, abot may gererate o fest reflective feadback {ep., Hhuminate the nember 3

LED in the color pink) upon detection of & first predetermined interaction unit {e.. a
smitle by the user), and abot may generale a second reflective feedback {e.g., thuninate
the number 7 LED in the color purple spon detection of another predeternuned

wsteraction unil {e.g., enclosing sbot by user’s hands). In some sxamples, multiple
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hghts or sounds may be used to provide reflective fredback for a given interaction unit.
Forexample, 1 the case of speech detection, 3 plusality of LEDs may be illonvinated to
resonate 8 spoken word, as will be further desentbed.

{076} Referring now also to FIG. 12, one example of generating fredback for a “seed”
mteraction unit, which may correspond with a detected spoken word, will be deseribed.
Bach letier in the slphabet may be assigned @ unique color. Any spokers word may be
reprasented by uminating 8 plurality ¢f LEDs, with 8 given LED corresponding to a
ovte of more prefives of the word, andior one or more suffixes of the word, The body of
the word may be represented by the unique colors of LEDs that correspond with the
letters in the body and the stast of the body may b indicated by 1 predetermined LED,
for example the #13 LED. In the iHlustrated example, an exenyslary light expression fr
the word “mindfd”™ ¢ ustrated, bot it will be undersiood that the specific example
showiy and deseribed iy provided only for slustration and any other combinations or
variationy of parameters of how the LEDs are ilununated or selectnd nway be used for
generating feedback in accordance with the present disclosure. For example, in other
instances, instead of breaking down the body of the word into imdividus! letiers
represented by umiguely colored LEDs, the word can be broken down nto syllables and
cach syvliable van be represemted by g wniquely colored andfor usiquely positioned
LED. In sonse exanples, instead of assigning 2 single LED 1o a pavticular prefix o
sudlix, the prefixey and suffixes can also be broken down and expressed by individual
LEDs and the duration of titme that passes between the prefix, body, and suffix nay be
adjusted to indicate the transition between the differsnt pants of the word. In g similar
manner, phonelic sounds may be converied into light expressions, such that any vocal
sounds pronouriced, any phonetic sound articulatad in any language can be allocated fo
hight oxpressions by segmenting the sound picces, without reguirement that the
vocalization is fn a particalar patural Janguape. For examypde, the aser oy use Enghsh,
or Spanish, or both when vovsliving and the empathetie computing device may be
configured o exiract interaction unis based wy these vocalizations regardless of the
fanguage spoken,

{71} The reflective feedback (e.g, LED ilumination pattern corresponding to the
spoken word) may be generated mnmediately after the user inferaction (e,

tnmediately alfler the word is spokent and the user may thus begin to leam {o recogmize
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the patterns that correspond o the spoken wends or components theveol 88 9 way of
developing o wmowal conupumication language with abol o some examples, the
duration of time botwesn each Huminated LED andior speed of change of individual
cotors that represcot the word, as examples, may be adjusted to reflect the contextual
wformation assoclated with this parficular interaction amit. In some examples,
contextual information may be incorporsted only i the cumulativie feedback penerated
after a completion of an mteraction session, while reflective feedback remuins unahiered
o alfow the user W continuonsty lears the mutead commumication Tanguage with abot.

{672} In some examples, the feedback may nolude visual feedback, sudio feedback,
haptic feedback, or combinations thereol, In the example of audio feedback, stnular
principals as described above may be incorporated & provide nuraerous variations for
audible expressions.  Small scoustic sound pietes may be ased sod parameters
associated with these can be varisd to capture the nuances of the expression which may
be representedt by the reflective feedback, FIG. 13 dlustrates an example of sound
peces as may be used for audio feedback. In some examples, sound may be combined
with Heght and haptic {e.g., vibrabonal) expression io provide the feedback 1w
accordance with the examples herein.

{473} The smpathetic computing device may also provide curmulative feedback at the
comnpletion of an interaction session, which may be representative of the sequence of
miteruchion units assoctated with a pacticular inferaction session. Hysome examples, the
cumulative feadback may take the form of a spiral. In some examples, a spral may not
be genersted i certain conditions are not met.  For example, at the complenon of an
interaction session {e.g., muture session), the empathetic computing device pay
penerate feedback including all of the slements of the reflective foedbacks generated
during the intersction sessimy. Any of the reflective feedback sudfor the cumulative
feedback may be adjusted 10 sccordance with contextual information. For example, &
frequency of the lights, duration bebween successive Hghts, color intensity andior
briphtness or other parameters gy be varied when generating Teedback to sccount for
differences in contest.

{74} fn some cxamples, abot may be configored to geperate cunwdative feedback

{e.z., in the form of a moving spiral} provided certain minimum conditions are met.

=

For example, & mouving spiral, or simply spiral, may be generated provided an
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infotaction sessiom inchudes at least a certain nureber of interaction anits sndfor a
cortain pumber of interaction pmity of a giventype. For example, o spiral may be
penerated provided & sequence incledes at feast four mteraction units and ncludes at
feast & “calw” interaction unit andior a “hreathe” interaction wnif.  This specific
exanple is for tHustration ondy, and other nanmber and types of interaction anits may be
reguired as the mintmum condition fora spivgl. 1 the cortatn minbmaim condition ix not
mel, @ sparal may not be created and feedback may be geversted i other ways, user
data associated with the user inleraction session {eg, 8 dataset of the sequence,
attributes of the sequence, context, et} may be stored locally {e.g., in abot’s memory)
andfor transmitted for remote storage regardless of whether a spival is genseated.

{751 In some wxamples, the empathetic computing device may be configured to
generate an mwardly moving spiral, which may include sequentially fihaninating some
ar all of the LEDs 1 order from the outer onost LED (e #15 LED} towards the dnner
most LER {eg #1 LEDY outwardly moving spiral, which may bnclude sequentially
dluminating some or all of the LEDs in roverse order to the inwardly meving spiral, a
contnuous spival, which may include gencrating wultiple spiral consecutively, or any
corabinations thereol. o Rurther examples, feedback may be generated m the formnof

other iflumination pattemns not necessarily in the form of sequential spiral, sg.

dluminate #3 LED, then #3LED then #4, then #1 and so on. In this manner, a large
pumber of lght sxpressions may be provided by a vanety of iHlumination patlems,
which may be used o represent chargeteristivs/aspects {e.g., structural organization of
the mutas! intergosion) of any given nferaction session.

{076} As previously noted, the fredback provided by abol (s, reflective andior
cumuiative feedback) may be geperated taking o avcownt contextual informmtion,
For example, two sequences of interaction units generated responsive 10 two tomporally
spaced interaction sessions may have the same mumber and comnbination of interaction
units. The comulative feedback of the two may however diffor based on the contextual
information. assoctated with each geraction session, For example, contextusl
nformation associated with the first inforaction session nmway include indicators of
relatively higher "calmmess” and “clanty.” of velatively bright ambiance andior warmer
ambient temperatwe.  The contextual formation associated with the seeond

irleraction session may include indicators of relatively lower “calmness™ and “clarity™
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andior relatively dimmer and cooler ambient conditions, The feedback associated with
the Tirst interachion session may differ from the feedback associated with the second
fisteraction session for example by penersting teedback with differsnt properties — 2.8,
& scquence {e.g., colors or pattem of hght Hhwoination} of lights that differ. For
exanple ingrease closeness may he reflected by increased duration of tme of the
feedback; increased cleamess way be reflected by increased brightness of the
#lummated light; moregsed calimness may be reflected by duration of time between
sequential lghts. Contextual information (also referred o o Veontest™) mmy provide
weighing criteria daning the classification andfor feedback generation processes. In
other words, weighing 1s used to determyine the relative quality bebween & given context
# vompargd 0 4 previous or nwltiple prévicus mtersctions of a simtdar kind for
example for the purpose of adjusting the feedback that is generated.

{077} Fig. 14 shows an exemplary empatheme database 14180 which may be used o
store empatheme data {oug., user data. abod dala, ete. The smpetheme database 1410
may be implemented in a storage device of server 130 or amy storage device
conmnomicatively coupled to server 1300 The database 410 may include data
strughwres which stove empatheme data associated with ong or more users and one.op
more smpathetic computing devices.  An empatheme rmeeord 1412 may be created finr
cach user interaction session associated with & user in the database. The empatheme
rectrds may be created based on dalisets fransmitted from the empathetic computing
device to the server 1300 As previously deseribed, the dataset may be transmitied upen
the conpletion of an ineraction session or may be transnitted precemes! in resl nme
chring the mteraction session.

{781 Each smpatheme record 1412 may nclude @ unigue wdentifier feld 1416 that
identifies. the sequence of inferaction units and may record the duvation of the
mteraction session {e.g., doration field 1417y and individhal durations of cach
mieraction unit {e.g., duration felds 1419} as well as duration of the intervals between
iteraction units; Certain attributes, such sy date; time, {ocstion, user id, abot.id, may
also be used for unigue 1dentifyving sequences of rteraction units in the database. Hach
interaction unit in @ sequence may be uniquely identified in the empatheme record 1412
by a unigue id andfor by a commun descriptor specifying the type of interaction uait

{eug., by the unigoe wentifier 272 of the corresponding smpathene bead)  Additional
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attributes for the interaction sesston, inchuding context assnciated with individuoal

ieraction anits, may adbso be stored iy each empatheme record, e, i context flelds

1420-1, 14202, 1420-3, and 1420-4, Additionally, optionally, an expression field 1418

{ the revord may reflect whether ov not 8 given seguenve resulted in a spiral. The

empatheme weord may fnchude a content focutor fiekd 1422, which may store & pointer

t0-a location of stoved content {e.g., voice and image data) associate with one or more
intergetion units in the empatheme record 1412

{791 As will be appreciated, cach empatbeme record fndtvidually may capture a

small amount of information regarding & parbicudar user intesaction session, however

empatheme data recorded over time {eg, over days, weeks, muonths, vears)y may

provide a largs amount of computsble data which may be analyzed 1o derive patterns.

For example, a pattern may be extracted from a collectron of duatasers or g disinbution

of datasels. For example, a vormal distnbation (e bell curvel can be obtained

regarding a user's spesch {empo, hand stillness, or other aspects of the user’s

conunuaication during sny number of user interaction sessions. As will be appreciated,

there may be numerous uses such stochastic data, for example for identifving particular
information regarding the user’s state or condition st the time one or more empathame

strings are crested. In some examples, such information may be the source for further
expressions by abot when abot s off the user™s hand, whnch may enable the user(s) o
perceive sotice many different kinds of things as teflection of his or ber mind, 83 may
be mspired by the expressions made by sbot.

{080} As more empatheme data s acommulated for a given user, this data may provide
a database regavding the user’s nundfuiness, selftawareness, self-help peactives, dea
and thought creation, sel-reflections, s, along with vocahized speeches and maturad
bodily expressions and gestures recorded in the form of video, and miay form @
foundation for the wser’s unique personal mformation on day-to-day basis, to which
other related information refevant fo the user(s) can be attached. For example, other
mformation. such as weather, temperature, alc pressure, phase of the moon, wind
direction, pollen flying in the air, cfe., which mav affect buman body physically
physiologically or psychologically, obtained through internet can be aitached to the
empatheme database. The uger(s} may be able to futher develup the empatheme

database with external data that the vser(s) may find relevant. The user(s} may find
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patterns, relevance, andfor connections, as a resubl of stochastic smalysis of the
empatheme data. In this manner, an empatheme database may- formya basts for self-

search, self-dizcovery, and selftexploratiog.

ja8 1] Empatheme applications and service examplos
{82} Fig. {4 illusteates an overview of an enmpathene service platforo according to

some examples. As Hlustrated dn Fig, 13, there i a wide variety of wayvs o make vse of
the svsient as # service platforny based on the combunation of the empatheme O8 and
the database used through AP servers {e.g, sorver 130) on the internet. For example,
the commumication between the user(ss and abot can be fTurther enbanced, enviched oy
deepened through such services focused on providing asefid information to the useris)
and or others gssociated with the user (bg., care taker, pareaty. frends, doctars, ele)
External setvices for inforoiation can be used to complement the depth and width of
iformation generated and accumulated from the wser interactions/compumication
betwsen the userds)y and abot. Interactive conumunicalicny services for the purpose of
proviching the users with suppont n selfthelp,. mentoring, counscling, health care,
gducation, practicing, ote., can be enabled using the system and methods exerplified

here. Also, new service providers, apphication developers may join on this platform.

R3] Exampde { - Hvbrid lsbeline svstem
{084} The accurscy of speech recognition mgy not be always perfect or reach 100

percent due 1o the fact that the user may speak unknown words to the system such as
proper nouns fiw corfain names, or the user may speak o abot with considerable
physical distance (Lo far from the nucrophone), speak in nodsy place, or speak in an
unclear manner, efc. I 13 widely known that the spesch recognition today, for example,

¥

on a smartphone device, works fairly well i some cases but i other cases, may not
niatch the expectation of the user.  Somwe responses to spokin commands may be
wrong, some commands or guestions may be unanswered, some may be answered with
a text expression “not available™ or the ke, and some may be interpreted as “not valid
mput’™. Such responses may dwappoint, distush,  or offend the user’s feeling rogardless
of the accuracy level of the speech revognition. Regardiess of how well transcription
from speech recognition is performed, sltimately the quality wmay be judged through the

filter of the uset™s expectations. Thus advanves to speech recognition and transcription
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technology may continue o be desired and the examples heretn may mprove on one of
wmote of the shoricomings of existivg speech recognition and ranseription technigues.

RS To further Hustrate some shoncomungs 1 exisling speenh recognition and
ganscription techsiques, there may be situations where lalency oF in s0me cise ne
response results due to poor network commectiaty (2.2, 8 user utilining 8 mobile device
which relies on g network such as the internet © provide & response).  There may be
sitagtions in which the user may get a response fromm a server-based application such as
assistant application, where the response {e.g., text) that may disappoint the ssers not
ondy because of the sccuracy but because of how it is provided {e g, displayed or the
volome or type of voice used to provide the responsg).  Depending on how o i
comruniicated, the user may foel bothered, snnoyed, judged, obtruded, ee. Typueal
applications that perform a transcription from woiced speech may wge the users o
spaak agaw i the speech recognition 13 vot successful, or connection 1o the miernet or
other netwenk 5 not detected,  These may result fromm the fact that the conventional
methods are typically focused on gensrating s peneral apswer {output) 1o the users,
without taking into account or incorporating into the response coptexts associated with
the wser or the inferaction.

U6} In a natural human connnunicstion, the usex{(s) nwy not always, or necessanly
know or have decided exactly what he or she says before the interaction, Typieatly, ot
beging with vecognizing sach other’s cowterpart, mutually facing each other,
accompanied by natural bodily actions &r expressions, eit.  Empathetic computing
mterfaces n accordance with the examples herein may be patterned after natara! human
commugcation by comsidening the experience of the usdrs i communication with abot
from muliiple angies.

{087} With this m nund, new methods of handling vocahized speeches nwy be
mplemented 1o pabtain natoral muiual conumumcation between the wser(sy and abot,
as well as handling the speech information with carefid attention 1 the systemn not 1o
disappoint the wseris) when providing output o the user {e.g., ponerating expression
with eht, sound, and vibration).  Also the speech transcription to written fext may be
more carefully handled not to give a response that may disappoint the use(s)

jOB8] Communication with abot may be naturally created or faciinated with the

resence of abot, making s own space in the datly bving ensviromment of the user(s).
2 Y g
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Any conmmnunication may start with a paturgl sequence between the user(s) and abot,
peing cues {0} and resonance (R} as desoribed carhier

JURYY The wser may not have to have any particular speech exprassion i mind {ie
iyt conunand in speech) at the beginoing of the interaction. Rather, the user roay be
naturally and gradually nvited 1o vocalize as abot provides expressions to the previous
comimunicative nteractions by the user,  The dser may not have o vocalize any
particular speech and the communication with abot may continue actording o the
bodily expression of the users to abot. The user may simply need to be in the moment
of natsral communication with abot with hus or her distance (for example, closenesss,
posture {for example, calmness), or focation the user choose {for example, quite place)
even without speiking. The user may speak whatever and whenever he or she may fiel
fike vocalizing 1o allow abot to capture the vocalization without the user having 1o feel

foread, obliged to “work for the deviee™ o make the right input for the devies.

{090} Exprossions generated by abot such as by using light, sound, andior vibration

may provide grester appeal fo the sense or feching of the user(s) than some conventional
devices, and may enable the user o recognize or learn easily,  Unlike conventional
methods, abot may ot divectly display 2 text comrosponding o the rauseription erto a
general answer prepared by an application using a server, nor seek to provide a “aght”
srswer by interpreting the wser's fnput and may thus Bctitate a fecling of ease,
frendom, and trast in the inleraction with dbhot which may further facilitate the
development of habitual practices of the wser by being able o continue the
connnuications with ahot without the distractions and difficulties that may be typical

when interfacing via conventional methods.

{891 Vocalized speech may be extracted and processed i small pisces of sound

mformation, alst referred G ax Seed, which may typially correspond 10 a phirase or a
sentence and yoay have a duration of sab 1 seconds 0 8 few or more seconds. For
example, a seed extracted from the vocalized speech of “good morming”™ may take 1.22
seepads, of 134 seconds dn another case, as examples. A seed sxtracted form the
voeattzed speech of "1 fee! thankful™ may take between 143 - 183 seconds, o in some
cases shorter or longer thme, depending on the user’s speech tempo. The sepmentation
of vocalized spesch, as well as any sound information {voice ulterance other than

vovahized speech; noise reparding the user’s movement, or surrounding environnent)
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into picces of a fow sccond may gonemily make it casy 1o process, for example, ©©
performy tasks of stoning, sorfing, weighing, dundexing assovisting, collating with e
context information {(C) i the empatheme dats or the empatheme string information.
The wser’s vocalized speech data made as a small piece of sound fe.g., Seed), comnected
and organized within the empatheme dataset may contribute 0 generating mformation
that may be aseful, interesting, memorable, intriguing, andfor explorable to the user{s)
By virtue of acquiring multi-dimensional data including contex, typically, the user(s}
may be provided additional information regarding how the speech was votalized, such
as how calmly, how clearly, how gently, how long, how constant, and may be provided,
g pon-wifresive wanner with a feedback of weighing information regarding the
speech.  Nonlinguistic mifrmation, parslinguistic nformation, as well as loguistic
information. may be captured with the seed {8} and i assotiated contest {C). and
organized within the smpatbene data.

{092} Fig. 10 Hustrates an example of surting out 3 st of vocalized spesch based on
speech tempo using Time per svilable index figure. For example, a seed {8) with an
expression of *1 feel thankfel” may be geverated namerous thmes, and a list of all the
seads 1 feel thapkfid” vecalized e different titie may be generated. Tinne per syilable
mensures the et time durabion of the vovalization sxtracied as Beed, which m the
Hlustrated example typically ranges from 1.45 1o 1.83 second divided by the manber of
svilablos in the phrase (Lo, . svHables) Some Seeds may be labeled “prioritized” wsing
the The per syllable index data. Some Seeds may be labsled “very calm™ using the
Context {C} data that may address such charactenstics by stochastic analysis. The
accumulated data may be sorted o facilitate @ ranking, proniiization, andfor fillering
for a desired cortain send (8 or vocatized speech, which may then be checked

aecuracy by another speech recognition performed on the server, Deuble-checking of

filtered Seed(s) for scouvacy of the transeniphion may be performed by a humay person,
or by a machine using the same or different spesch recognition and transcription
wehmigue. A human  transcriber may correct, fne-tie, modify, o rewrte a
transoription i needed or desirable, or may add oven more detailed information of
desired, by listoning to the recorded speech of the wser(s). The piece-hy-piece vocahzed
speech with various ways to label, index, mark, etc. may faciliate further handhing of

the information for the user(s). Generally, a transcription of unknown words or proper
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nouns s difficult since the svsterm does not possess wwformation regarding those that
only the user(s) kome, At the same time, & manual task of handling vast amount of
vocalized spoech, or a large undivided audio file which s not categorized or filtered in
sopte manner way be difficult and efficient. Example of wulizing speech data which
may be sepniented nto small pieces of andio data and categorized, taggeed, or filtered in
& selective mamwer may Fcilitate easier subsequent processing {eg., reviewing and
error-chacking) of the audio data amd may onable various opportunifies 16 provide a
waeful service to the user{s) with & reasonable cost. In some examples, the extracted
speech (e.g, Seed) may for example be weighed, sorted, filtered, tagged, mndexed, and
prioritized based on any part of the empathenme dormation sssociated with the Sged.
For example, Seeds may tagged ambor filtered using contextual information such as to

e

extractonly Seeds that ave associated with a particular Context, in one example “calm.”
Subsequent processing may be performed only on the Seeds that have been tagged or
filtered using the particutar Contexs, i this example: Calm, while other Seeds are
ignnved for the purposed of this example. In thus manner, the data sef that may peed
further processing may be greatly reduced providing s move efficient and cost-effective
way 1o progess spesch data.  The particular mformation that s used for sorting,
fiftering, fagging, mdoxing, andfor priovitizing may be selectable or configurable by the
user, another pevson ov entity associated with the user, or sy adwunistrator,

{8931 Extracted and transcribed woids fromy wocalized speech nmwy be added & the
corpus {Le. the user’s personal word dictiorary) of abot, which may be continually
updated over tme, and nay fcilitate machine learning by abot {e.g, 1t nay enable
improvergents of the speech recopmition capabilidy of abol). v s manner, abol may
continuonsly lsam by updating the mfvwmation from e user(s), and and may
continuously develop s capability to goderste expressions which may mhore gecurately
reflect the intersctions with a paticolar user{s),  For exaunple, abot sy be able
Create & resonant expression for an unknown which iy vocalized to ghot for the first
thne by using information gathered from speech recognition on other words {e.g, by
pesforming speech recognition for ¢ word that abot may be detecting for a second or
subsequent time}. I may seomy more natural for the user(s) that abot responds 1o such a

way that abot leams every time that the user commumicates with abot by voealtzing a
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speech, which may coninbuie 1o a right understanding or mindset of the usen(s)
regarding what heor she way expect ghot’s responses.

94} Speech data combined with the empatheme dataset containing the surrounding
wformation regarding the speech, ov the paralinguistic information of the spesch youy
be effectively and efficiently utilized to provide o service that meets or may exeeed the
expectation of the user, while minhmizing the cost by focusing on, or pin-pointing on
creating usefyl information. Combined with the way of expressions (L hight, sound,
and vibration that soake meanings, effect that appeal (o buman) based on transeription
data, abotl may enhance or enrich the mutual communication with the user(s}. In this
manner, usefd information to other connected applications such as mobils or web

applications may be provided iy scvordanee with the exanples hereta.

j095] Example 2 ~ Nownsh on web browser andior wmobile apphication
{096} As the empatheme string datg sccanunlates, cerlain patterns may be foand with

regard to the empatheme dataset such as the combination, sequence, tvpe of empatheme
i the ciapathame string, the Context (C) information regarding each empatheme string,
the seed (8) information. For example, some patiorns may be found regarding the ways
that theaser vocglizes, fnwhat pranner simidar, different, efe. The patiern recognition
may be performed automaticslly to categorize, classity, and anglyze those data,

{097} o somne example, even for the verbally same speeches (e, exactly same content
of words and sequence of same words), the ampatheme combination o one siring may
be different from the empstheme combination 1o another siring, partly due to the
Context {C), such g3 voice cleamess, hand movement or calimness, duration of the time
and other information assoaated with the empatbere string, being different. Thus, ahe
wier(s) may be able 1o search speech information by erapatheme string, or contexts (),
by word contained wn the seed (8), s well as time and date, and many other different
types of imformation that may be stored in the datsbase {e.g., it the form of empatheme
data or user data). Unbke conventional techmigues, the oxamples herewn may provide a
variety of ways to classity, organize, analyze and reorganize speech data, in a singular,
periodic, or continuous manner in the daily fife of the user(s). delivering useful
information that may not be able to be achioved using conventional methods.

098] Also, the user's search history, trend, accumulations ax well as the way the user

performed search, for example, how and how much time s done, may create unique
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patterns specific to the userls) over time. Such paticrns may become new data added to
the empatheme database. The wser’s volition, feeling, emotions, thoughis, and mind
activitles may not 1o be easy o be divecsly captured from the outside, but the time and
space | which the user spends thme with abot, and expresses thew through navaral
actions inclading vocalized speeches, wo matter with or without cortain awareness, of
particular intention i the communication with abot in the daily Hfe of the user, may
manifest or revea] usefd information. by other words, the information regurding such
inner mind activities of the user™s self roay be captured by the ways desoribed herein,
may be organized, snalywred, andior continpously reorganized in such ways that the
user{s) may find wseful or ineresting. The user(s) may be mvited or supporied
notiws, scarch, explore, discover somgthing that s relevant to the wser(s) i the
continuously developing database, which may be accessible through & vanety of
sutfable devices andfor application {Le. mobile application, web application, as well a8
abot’s expressings).

{099} i addition to the mutual communication between the user(s} and sbot, mobile

applications or web-based applications may be used to provide the user(sy with
comaplementary, additional, or different {ype of mformation.  The user may be e
persen whe constantly conymunicates with abot, or may be other persons that suppon
the user. For example. parents, care takers, counselors, mentors, coaches, close friends,
home doctors, of othey type of persons who the primary user expect him or her to help
with,

{H108] ‘The user{s) may feel renunded, mspired, getting aware of by the information
given by the extended wionvation displayed, or expenienced {hrough other fomus than
abot {1.¢. applications and servicest and may feul mptivated: to- start nteracting
comnmnication with sbot more, when the user s again close 1o where abot 150 The
aser s mottvation 1o continge 18 constantly supported as well as use such resource made

by ermpathemes and Seed budlt overtime by the user it or berself with abot.

{0101} Example 3 - Recursive loop with nonrish
{1102} Fig. 17 illustrates a loop between Nowrsh, Post-Nurtore and  Nowusisl,

“Nourish” may be a8 name given to the user’s achivities using such applicabions to

Fa3

reflect on his or her previoas or recent idformation created theough the “mutane” (e.g.,

pratual conumunication generating erpathemes with abot).  The nourshing, o
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reflecting on the empatheme data that the users have generated with abot, comploments
the entive fime flowe of the datly vimg time of the gser(s). enhancing a loop of
communication with abot. Smcee the output from the nuriure sessions {eg, the
eropatheme data contalning wide varieties of nformation regarding the user(s) ss well
858 the reg! time communication expericnce with the exprossions by abot, turas nto #n
mnput to the database that gives rise to abot’s {}mpm {e.g.. resohant expressions that abot
mitistes), which becomes an inpwd Yo the wser’s nuind, awareness, feeling at the time,
which may geberate user’s contintons actions back to abot (e, new outpat), as well ax
the alternative track {e.g., throneh mobile or PC applications) that gives the pser(s) and
an input {information, visualization, ifhetration, ete.), which may toigger, vemind, o
inepre the user{(s} make nest sction back to abot, or baek to the database through the
applications). In othet words, what the user nurtures 18 reflected fn what the user post-
murhes By & conunoenication triggered by abot or what the user sowrishes in the
applications designed for 1.

{103 A seamlbess communication loop based on the empatheme data that only the
user created for him or hewself 18 generated and supported to continue i @ recursive
manner. 1 he recursion i based on the empatheme data creation and expression flow
butween the yser and abot, which the ussr nay be slways aware of and keep leaming.
The user may add some writing, lext memo, or any other graphical ways by using the
applications, to the swpatheme data on the “nounshing” application {s.g., mobile, or
PC application (o review and work on the erapathéme datasresowrce) tegarding what he
or she feels, comes up with in mind, reflect, etc., at the time the user newly feels, comes
up mavnd, reflect, which creates a new recursive information to the original ones. In
this way, the conpatheme data Sows b a recursion in the miad of the naer{s), oo

{104} In gencral, conventional reminder applications, to-do-note  applications,

calendar apphications sometimes may not work or ast for a long period of time doe o
the fact that they become cumnbersome to the wser, with swoall bavrters constantly adding
up or darty to bother or annoy the user's mind. O o other casss, typically, the user
gets used to the automatic, routine, information from a machine-like service and loses
whether he or she likes it or not, the motivation to keep doing.

{H105] Commugicative interaction 1 needed to keep the motivation of the users high,

by constamtly matdaining @ mutual conununication that user find it-fun, interesting,
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useful, or any other feature that gives ressonable stinwles to the nind of the user on a
daily basis, without the user™s having to bustle o anything, with feeling obliged,
bothered, disappointed, judged by the service.  The human nature o charactenstios
regarding how he or she feels and responds may represent a large portion of what the
system and methods constantly need to support and manage.

[8106] Typically, the good habit making consisis of many small components that the
user succeeds to fulfilt evervday, The mutual commumication between the wser(s} and
abot, continuousty followed by, complersented by, and refreshed or updated by the new
mutual comprmication experiences, enbances g constant flow of lasting comuomication
iy the daily Bife cvele of the user{s), penerating solid information regarding the user(s)
that the user can engoy andd find useful to know himeor herself better, from time to tirhe.
A habit makmg may be a product or by-product of this continuons process that suppons
“small things add up and orgawzed, constantly reorganized™ for the growing benetits

for the user{s) ovey time.

{01071 Example 4 - Know vourseifidiscover yvourself
{108] The vocalized speech by a user may be considered to bave cerlain pattern

specific tn the wser. When enough data 15 accumudated o perform stechastic data
analysis, the speaking patiern sy be found, For exampls, the speech tempo of the
aser, measured by the speech duestion time with the phonetical pronuncigtion {e.g.,
time divided: the namber of svllables fr the speech) may be one example of detecting
specific information usetul to the user(s). In general, although the human spesch varies
from person to person in the way it is voiced or pronounced, the tempe or speed of a
vocalized speech (described as seed {S)) has cevtain range of the data distribution,
6109 When the wser puts 8 specific fogused attention on how fastor bow slowly e or
she speaks, the duration tihe recognized as @ spocch, whether it is relative short {fast)
or redatively long (slow} for the user, fits witlan a certain range. Such speech data of
the pser, collected and orgawzed over certain period time, may give some indication ©
the variation patters that has been made by the user’s voralization. The user may be
affected by his or her physical condition, mental or emotional status, or the surrovnding
enviroament at the time of the speech and naturally generates a distribution of his or

her pwn data reganding the speech temipo or speed. Such data miay not have anything to
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do with the fact that human speech varies due to physical body structure, but only have
o doowith the situation or e vontext iy whirch the user witers the voiee spesch.

011 Fig. 18 Hustrates a case of @ user’s speech tempe data, with g graph showing a
so-vatled nornial disteibution, or typically called a bell cwrve, S the smpatheme data
containing the ifornation for each vovalized speech the ouser has made. & Centain
distribution pattemn (L normal distribstion) s found, where the Time per svliable
dex for the speech tempo of & seed (8} works as a purameter 1o classify the Seed
information, as 1o 1 the user speaks slowly, fast, or in a normal way, compared to his or
her own average or mean data. Abot may be able fo resonate (e, reflect i itg

expressions during empatheme, etc. ) with such vanation of the wser’s vocalization.

LR R This example of spesch tempo may be used as & part of larger Context
information, in combination with other Context dala regarding the aser's

communication with abot. For example, “calmness™ of bekaviors through the surture
sussion o a sed of nurlure sessions (.o, generaling a st of empathems strings) may be
measured, using the empathome database oo the similar reauner described above,
Crestion of parameters for finding, denufyving, ov searching, exploring a Gime and
spage {eq., empalbems string) where the user™s wner foeling or state of mind,
conseious ot sub-conscious behavior may be revealed or mantested from time to time,
are usefid for abot to continuousty learn the user(s), recreate pow resonant eXPressions,
and generate feedback to the wier thal he or she themselves thay beable 1o find
sounething from. I may create and raise the chiance fiw the user ® know hinvhersel,
exmmnine imdhersel! based on the neutral and nstergl information that the user
himvhersell created with abot. It may create an opportunily for the user o cultivale

soul aswell as o use nfonmation © help others, ax descnibed 3y the service platformt

{0112 Example 8 ~ Function moduleds)
IR Ax empathetic coraputing device {e.g., aboty according o the examples bevein

may be wirelessly connected {e.g., via WiFy or Bluetooth) to other electronic devices in
the bome or office such as TV, radio, personal computers, audio-visual displays,
entertatment and media devices.  For example, abot may creste smbient expressions
based on the empatheme data generated through previous watual compuamications and
project therm on a TV screen, conunumicatively connected through fonction module(s)

executing i abot’s empatheme 05, Projectivet may octur responsive 1o an event, for
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exsrnple when the user approaches sbot. In this manner, a living or working space may
beoenhance by the presence of abot that turng the space min-an anbient that fnspires the
nser(s) from time o time, The continuous conumuication flow o the recursive loop
regarding the mutual compunication and regarding the users themseives deseribed
herein may also be supported m this manner.  The interactions with other electronie
devices comnected with abot ey extend, complement, or enhance abot’s presence in
the hungd of the user(s), contributing a natural environment i the daily life,

{114} As another example, sach interaction between abot and other devices may be
waed for the user(s) to enjoy personal content, media content displayed on the TV
sereen in move natural and Intuitive manners than the conventional methods wsing
remote commanders, making use of the hteractive compunnication muthods of abot.
Not only that, the user(s) may annotate information to, or mavk index to, such content,
by using natwral hand gestures or volce gestures v a sinple way that the eser(s) are
used 1o with abot. Such Rinction module fo enhance the experience with abet may be
added in accordance with the desires of the users.  The smpatheme database may fomn
a hasis for new type of umigue personal information ov personal resowrce regarding the
pser him'herself,

4115} From the foregommg it will be appreciated that, although specific smbodiments
of the nvention have been described herein for purposes of tllustration, various
madiffcations may be made without devialing from the spuit and stope of the

invention, Accordingly, the mvention s not lindted sxcept as by the appended claims.

40



WO 2016/137797 PCT/US2016/018271

CLAIMS

What is claimed is:

i, A methad of mnterfacing with an cowpathetic computing systen, the
method comprising:

recgiving seasor daty from sensors of an empathetic compusing device, whersin
the sensor data s generatad by user interaction with the empathetic computing device,
the aser interaction compnising g phuabity of interaction anits;

recetving contextual information associated with the aser interaction;

classitving the sersor data a8 8 sequience of wferaction umils using stored
associations between exemplary sensor data snd pre-deternined inferachon units) and

providing feedback with the cimpathelic computing  device, whersin the
feedback v based, af least @ part, on the sequence of meraction unis and the

contexmual tnformation.

2, The method of clatm |, wherein the wser mieraction comprises natural
human actions meluding any of a facial expression, 8 posture, voual utterance, speech,
body or body pad movement or posttion, relative movement o position of the
empathetic dévice with respect to the user.

3 The method of clafim 1, whereln the receiving sepsor dafa compmises
receiving an indication of user proximity, user molion, detected spesch, detected facial

expressinn, an ambient condition.

4. The method of clavn 1, further cowprising storing a data set

covvesponding to the sequence of interaction units.

5. The method of claim 1, wherein the contextual information includes, at

Jeast 1o part, mformation extracted from the sensor data.



WO 2016/137797 PCT/US2016/018271

& The methad of clatm 1, whersin the contextual information nchudes
ambient Heht lovel, ambient sound leved, ambient temperatuwre, date, thne, loeation of

the empathetic computing doviee, or combinations thereof

7. The method of claim L wherein the providing feedback comprises
venetating 8 pattery of lights with & phurality of Hununation sources of the empathetic
computing device, vach hight in the pattern corresponding to an interaction unit of the

sequence of interaction units.

8. The method of clamm 7, wherein a color of sach hight v the pattern &8

based on the Rind of mteraciion vt

3. The method of claim 7. wherein the color &8 further based on the

contextual infornsation associated with g respective inferaction unit.

10, The method of elaim 7, wherein the patiern of lights compnses o spual

of sequentially Hlominated LEDs.

[1.  The method of clum 1, further comprising, gencrating, for at least ong
mierachion unit in the sequence, feadback comprising a pattern of Hghts with a plurality
of Humination sources of the ecrmpathetic conputing device, wherein the pattern is

mdicative of content of vocalized speech exracted fronmm the user interaction,

1A The method of clgim 11, wherein the generaling for st kst ong
ivferaction unit m the sequence, feedback comprising a patterh of fyghis meludes
generating two distinet patterns of lights, each corresponding 1o & different word from

the vocalived speech.

13, The method of claim 1, wherein the providing feedback comprises
generating a pattern of audible sounds with an audio generalor of the empathetic

computing device, a vibrator of the smpathetic conywuting device, or a combination of
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the two, one or more of the sounds i the pattern corresponding to an interaction unit

from the seguence of the sequenve of inteyaction ugils.

14, The method of any of claims 7-13, wherein the providing feedback

further comprises generating & vibrations! response.

15 The method of claim §, whereln the user interaction is g first user
nteraction and wherein the sequonce of interacton wnits i3 a first sequence, the method
further comprising generating a second sequence based on sensor data associated with a
second user interaction temporally spaced from the st user interaction by a pres

determined durstion of time.

e, The method of claim 1, further comprising segmenting the sensor data

inte a phyality

of sensor data sets cach associated with respective one of a pluralitv of

eraction sessions.

17, The method of claim 18, furthey comprising:

regeiving an indication of an interaction free-period having a pre-determined
doration: and

seginenting the sensor data into a first set of sensor data set and o second setof
sensor data, the first set of sensor data recorded during a first period of tme and the
sgennd set of sensor data recorded during a second period temporally spaced form the

first period by the mteraction-fres period.

18, The method of clawn 17, further comprising comparing the fiest set of
sensor data with the exemplary sensor data o wentify a first interaction usit and
comparing 1 second set of sersor data with the exemplary sensor data (o wentily &

second inferaction unit.

16 The method of claim 16, further comprising storing dala scls

corresponding (o sequences of interaction units associated with the plurabity of
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imtcraction sessions, and updating an nleraction made! of the enmpathetic computing

device using the stored data seis.

200 The method of claim 16, transnutting the data sets 1o a server, and
wherein the updating an intersetion model of the enpathenic computing device s

performed on the server.

21, The method of claim 1, further comprising monitoring aser interactions
with the empathetic compating device during a peried of ime including determining a
total number of interaction units in a given user interaction or duting the period of time,
& vumber of interaction untly of 9 same kind in @ given user wteraction or during the
perid of time, o total nomber and types of sequences of wser inferactions, or
combinabions thereof, and characterizing a wser patlern or user state based on the

monitored imteractions,

220 The method of claim 1, wheremn receiving sensor data comprises
receiving an tndication of placement of the empathetic computing deviee w-a palm of
the user, the method further conywising activating a microphone, 8 camerd, or both
responsive to the indication of placoment of the empathetic computing device ina palm

of theuser

23, The mcthod of claim 22, further comprising deactivating  the
mcrophons, the camera, or both respousive o an ndication of removal of the

empathetic computing device from the palim of theuser.

24, Anempathetic computing device comprising:

& PIOCessOr;

a plurality of sensors configured to generate sensor data based on user
wderaction with the empathetic computing device, the oser interaction

comprising a plorality of interaction units; and
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g memory operatively coupled to the plurality of sensors and the
processor, the memry comywising stored associations bebween  exonydaty
sensor dats and  pre-detenmined  inferaction upits, the memory  further
comprising  processor-gxecutable instructiops, which when exesuted by the
processor ciuse the empathetic computing devicg 1o,

receive  contextual  informabion  assotiated with the user
fiteraction;

classify the sensor data as a sequence of interaction units using
the stored associations between exemplary sensor data and pre-determined
interaction units; and

provide feadbaek buased at feast i putt on the sequence of

intersciion units and the contetual information.

25, The cmpathetic computing devies: of ol 24, wherein the processor
mcludes an extraction provessor confipured to receive the sensor data, filter the sensor

data, and perform features extraction on the filtered sensor data.

26, The empathetic computing device of claim 24, wherein the featurs
estrgction comprises extracting features fromy sinndhancousty recorded data from &
plurality of sensory of different types.

27 The empathetic computing devier of claim 24, wheremn the featiwe

exiraction comprises performing speech and face recognition,

28. The empathetic computing device of claim 24, Tother comyprising a
plurahity of hight sourves, and wherein the instructions to provide feedback based at
feast in part on the sequence of dteraction units and the contextast mformation include
mstructions fo iluoyinate one or more of the plurality of hght sources 1 a patters.

28 The cmpathetic computing device of clam 28, wherein the pattem
corresponds to the sequence of interaction units, a color of each tHuminated hght source

selected based on respective oney of the interaction pnits i the sequense.

4
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30, The vopathetic computing device of claim 28, wherein the processor,
the mamory, one or more sensors of the phurality of sensors, and one or more sensors of
the plarality of light sources are enclosed in an enclosure configured © it in g palm of

BRERC

31, The cmpathetic computing deviee of el 24, wherein the phuality of
sensors mclodesa touch sensor, a- proximily sensoy, an IMage sensor, a microphone, of

combinations thereof,

32, The enwpathetic computing device of claim 24, wherein the touch sensor
inclodes a touch sensitive surfrce dsposed on a botionm side of the empathetic

computing devige.

33, The cmpathetic computing device of claim 24, wherein the plarality of
sensors further oovmprises @ plurality of nfrared sensors eonfigured fo determine

proximity of the user f the enypathetic computing device,

3. The empathetic computing device of claim 24, wherein the plurality of

sensors further comprizes at least one Hyght sensor arranged to sense ambient ght

35 An empathetic computing system compnising the empathetic computing
device of any of clatms 24-34, the system frther conywising an other computiag
device conwnanicatively coupled to the empathetic computing device, the other
computing device sonfigured 1o recetve fromy the empathetic computing device and
store dats including user data, empathetic vomputing device system daty, or
combinations thereof, the other conputing device further configured to execute an

application for visualizing the stored data
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