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(57) Abstract: Examples disclose a
computing device comprising a pro-
cessor to receive handwriting data from
an electronic writing instrument describ-
ing written content provided on a sur-
face off-screen from a display. Further,

Dear Stetan:

L How-has-hiaye you hesn doing?

M RHD (radio-frequency idertfication)
i fen. wikipadia.orgfwila/Nadis-
Fregenny_dentification....

Open Calandar App? {olick ik}

7
I

1

¥
How has you been doing?

V have o question about your new RFID)
chipeet design.

. B Lam planning fo vist you office on
August 26% sround 2pm,

Please lsl me know if this works with you

?QBC\
the examples provide the processor to
analyze the handwriting data to determ-
’ ine an annotation corresponding to a
i

S

portion of the written content. Addition-
ally, the examples also disclose a dis-
play on the computing device to render
the annotation at a position spatially re-
lated to a position of the portion of writ-
ten content on the writing surface.

e
RSN

|
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HEPLAY OF A SPATIALLY-RELATED ANNOTATION FOR WRITTEN CONTENT

BaCRGROUMD
{001 in today's lechnplogy, users of compuling devices tipically rely on these

S

devices o provide feedback to improve thelr wriling capabiliies and further understand

oy

their wiiling, The compuling device may provide fesdback, such as spaiiing and gramwnar
gerors on the display,

Brier Descreron oF tHE DRAnNGS
[0OG2]  in the accompanving drawings, ke numerals refer i ke componants or blacks.

The folfowing delalied description wierences the drawings, whersdng

yeeen

6‘{}@3} FIG 1 s o8 blogk diagram of an example dis ;3% ¥y un 8 computing device
eluding an ammotation renderad in 8 posifion spatially relaled to a position of & portion of
written content on g wilting surlacs;

{3004] FIG 2 s 3 block disgram of an example compuding device o recelws

"W

handwriing data describing wiitfen conten! on a wiling swrface (U analyze and render an
srnoiation on 8 display

[OQUET FIB. 3 s & block diagram of an example compuling device o display an
annoiation basad on receiving handwriting dale describing writlen content provided on a
weiting surface and including a slorage ares assaciaied with & provessor o determineg the
annotation hased o an association of 8 keywonrd within the slomge arey;

[ODO8T  FIG. 4 s 2 block disgram of a computing device 1o recelve handwriling data

describing wallen conlent provided on 8 wiiling sudface and display an annefation it a
satiafy related 1o @ positfon of & portion of the writlen content bn the wilting

8
&=
{2
)

»

surface, wharain the compuiing device recelves the handwriling data wsing &l least one of

.

ulirssonic Nangdation, radic frequency trianguiation, infra-red tangulstion, and ivfra-red

=~

dofs; angd

00071 FIG. & is o flowchart of an oxample method performed on g computing device fo
receive handeiiling dala provided on & wiling surface, conver? the handweiling o digial
data o analyee and display an annolation.
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DETARLED DESCRIPTION
{G008] By providing Tesdback corrasponding o & user's handwriting on & disglay of &
sompiding device, 8 user may have an educational and fomative expenence. O
solution is ¥ provide feadback {o the user wilising & display with & writing hstrument that

is dependent on 8 compuding device, such as 3 alvius. The compuling device mopives

wiiting from the user on the soreen of the display and digitizes this on-sovean wriling for

éﬁs@iay‘ o1 the soreeny. However, this solulion doss not slibw the gser o handwrite off

00081 inancther solution, an slectronic wriling instrument records & user's handwriting
aff-sorean and, ¥y rosSponsg, & sc:m;m‘iiﬁg device transiates the handwiiling o & and

s solulian, the

displays grammatioal or speliing corrections with the bansiated fext. Ind
user may not be able 1o view the feadback in relstion 1o that poction of wiiling on the oft

h:

soreen writing surfaee, further encowaging them o commill ihe same erarg. Futher,

s

these solutions do not provide explicd sssislant feedback hat may be used o futher

5,

understand words iy 8 contextuat use. For sxample, the feadback may nolade tnderdining

vpe of knowdedge the user gains in ysing these fypes of solutions.
0001 To address these issues, sxample embodiments disclosed heraln provide 8

compuling device with & processor to receive handweiling data fom an elechronic wilting

t

nsirumient. The handwriting dats is provided on a willing surface off-screen from a display

coan

L
-
e

he computing device, enabling a user o write off-soreen ram the display. Allowing &
user to provide handwiiing date off-soreen snabdes the computing devios o track the

P

aration and moverment of the electronic willing inshrurment, describing the wiilten content
wrovided on the witing surface. This further affows slectronio inslrament o be comnected
o the computing devive wirsleasiy,

[001] Additonally, the processor anglyzes the handwriling dala o delammine an
annatation {e., feedback) comesponding o a portion of the wiilten confent {Le, the user's
i a posttion
g
surface,  Providing the annotation spatialiy related to & posiion of the porlion of wrillen

5

writing), Fuvther, the display on the comptding devices renders the annolation

-

on the display spatially related fo 8 position of the portion of wiilten content on he wet

prass

content on the willing surlace, the user may immediately view fosdback coresponding o
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A

the portion of written content. This alfows & user 1 view any srors i the handwriting lo

s

o

provent fulre eroars and alse provides 3 uselul context to the user's handwriting.  For
example, the user may include in thelr handwriting an agromvm (o 8 waord, &8s such, the
compuligg device may display the annotation of the il definition of the word o aid the
user iy lpaming more abowl the word or venfving the corest use of the scronwm,
Additionally, by rendering feadback on the display 1o the user of the computing device, the
computing device analyres the hand witten content and follows up with suggestions how
0 improve the contexd of the user's handwriting,
§{}G‘§d i another embodiment, the compuding device may coordinats the annolations
yith @ position on the wiling surdace by delermining 8 size of the willing surface and
transialing the size o corespond o & size of the computing device. This enables the
device to rendsy the ammotation on e display spatially related {o the portion of written

iy

sordant desplie the diferdng sizes belwean the msg)iay and the wailing surface. For

V

3

sxrample, the display on the compuling device may nolizle 8 cell phone soreent and as
sueh, this may be rauch smaller in size than the weiling surface.

ot

LOTE In 2 further embodiment, the compuding device renders the smnotation withou

the handwelling data.  in I embodiment; the computing device provides the annaiation
on the display withowt he wiillen conlent provided on the wiiling sutface.  This
gmuodimerd p rovides & type of advising fo the user for corrections and assistance with
respest fo thelr handweiling, Furthee, s also albows the vser o focus diteoly o the
feadback mther than becaming distracied with a full copy of the written conlent on the

gisplay.

0014 Yel i 8 futher embodimend, the annolation may nolude at least one of 2

{rigger for performing a web search, a trigger for apening an applcation, a ik, a definion
of & ward, and g correction of 3 word, in this smbodiment, the annoiation rendered o the
display of the compuling device operales 88 8 personal assistant fo aid the user iy
understanding and improving thelv writing.  Addifionally, the annotation may snticipale the

yser's nests. For example, the user may desire (o khaw more about a word and as such,

£

by proviging @ Bnk, the device allows the user {o skip the step of performing the ward

o

search themselves
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BO18] o summary, sxample embodiments disclosed herely provide a user with 2 mos

&
&

valuable sducational and nformative exparience by rendering an annolation in 3 position
spatially refated 0 3 position of the portion of witten content on @ wiithg surface. The
armotation provides fesdback i a0 explich manner 1o e user 1o improve and understand

thelr weiting.  Further, example smbodiments alffow the user {o provide wiiting offscresn
fram the displey enabling the user i Feehand thelr writing withow! the constraints of a
Cominious wired-canhection.

szze

il

[0018] Refering now {o (e drawings, FIG. 1 & a blook disgram of an sxaniple

cornputing device 102 ncluding display 104 revdedng smwotations 110s, 118, and 110

£3

i posdions spalially related o positions of podions of written content 108a, 108k, and
08¢ provided on & wiiting surface 108 Embodiments of the compuling davice 102

nolude a olisnt device, personal computer, deskiop comnputer, laplop, 8 mobifle devios, &

o

10,
Y The displey 104 s a display associated with the computing device 102 o render

tablef, or othwr compuling device suilable v include & display 104 1o render the
annctations 110a1

{0017
the annolations 110a-110c.  The display 1M inclpdes the ciroully

o

“?‘
3
3
%
0
3
4
e
o
=
&
-

e

outputting contant 1o the user, including the annolations 110a-110¢. Embodimenis of
dispiay 104 include g compuding scresn, computing monior, g}-anei, plasma soreen, lguid
crystal dleplay (LD, thin e, projection, or other display technology capable of rendering
annntations 110a-1100.

GO18] The srnoiations 110a-1 100 are considered feedback provided fo 2 user and are

rrh

ranstered in posiions on the display 120 spatially relaled o ihe positions of the portians of

s

P

the witlen content 10881080 on the wiiting swiface 108, Although FIG. 1 depicls the

¥

display 104 as rendening annolalions 110a-110c, smbodimenis should not be imiled
{his Mustration as the dieplay 104 oy oudpud any number of annotations. By one
gmbodiment, the snnolations T10a- 1i0c may nclde ot least one of & igger fv
performing & web saarch 110b, a bigger for opesiing an application 110g, & Sk 110, &
defintion of a word T10b, and corection of a word 1105, in & further smbodimend, the
annotations T10a-110¢ are displayed withaut the handwriting dala that describes the

riften content 108a-108c. For example, in (his embodiment, the salufation al the {op of
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the wilting swiace 106 {8 not included on the display 104, as there Is no covesponding

2

o

Py
FA
i‘s‘:} B4

annotation. sgard, the annclafions 11081100 are renderad without the
handwiiting data, thus enabling the user of the computing device 102 o focus o

nproving and understanding el wiiling,  Addiionelly, the annolations 110831100
cortespond o each of the portions of the writlen content 108a-108c, respactively. For
gxample, the gnnolation 1108 near the top of He display 104 coresponds o the position

of e porficn of the wiitten cordent 108z also near the top of the wiiling surface 108.

0018 The wiling suface 108 s the ares offscreen BHom the display 104 of the
compiiting device 102 where the user of the computing device 102 may handwrits the
portions of wiitten content 108a-108c. The witing swface 108 refers o the surfice of
which the user may wilize to inscribe weiften content 108a-108c with an slectronic wiiting
natrumend. Thus, he wilting swiace may be, for sxample, 8 notebook, plecs of paper, or
ancther material on which the user physically writes, Allematively, the wriling surface 108
may be any planay surface sullable hal enabies & user o simudate weiling, such 88 2
surface of a table.

{Q0Z0]  The pottons of writlen conterd 108a-108¢ on the wriling surface 108 ame

conaiderad the user's wiitings provided on the willing swifaoe 108, Specifically, the user

Ay ulilize an electronio wiiting heirument 10 oresle each of the podions of the wrilten

corent 10831080, Addionally, handwriting dala s reoeived by the computing devics
102 that desoribes the porlions of the wrilten confent 108a-108c,  This i swplained o

delall in later Sgures, The portions of the wiitten content 108a-108¢ may include 2 singd

i1

portion of wallen content such as 1083, combination or 108a-108c, or § may include
addiffonal portions of writfen conlent not Hiustrated in FIG. 1. The portions of (he weillen
cordant 108a-7080 may be located within any srea on the willing surface 208, For
axample, the portion of written content 108a may be located af the lop righ! comes or
the bollom e corner, ele.

2

AR

%3

¢

[O0Z9]  The portions of the handwrifen conlent 108a-108¢ correspond tn and

% @

spatially refated o the position of sach of the annotations T108-110 a5 on the display

ﬂ:r

Spatially related rofers o the display relationship behveen the position of sach of the

annatations 1i0a-110c on display 102 and the position of the cm:esgsmding porfions of
writtan comtent H8a-108c on witing swface 106, Spsoifically, e spaligl relation
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ag}eﬁéﬁﬁes how o render the annolation 110a-110¢ on the display 104 & reference 1o the
position of sach of the portions of wiitten content 108a-108¢. For example, the porlion of

written comtert 108a asks how Stefan s doing and is writlen i & posiion near the top of
the willing swiace 106, As a resudl the annolation 110, msr&tﬁﬁg the grammar of te
portion of wiitten content 108a, s displaved in the position nesr the fop of the display 108

and & therefore spatialy refated 1 the position of the portion of the wiitten content 108g,

o7
e
=
o
i

in another example, the annctation 110k, explaining the word RFID and cluding a In
this word definition, is near the midklle of the display 104, The annotation 1100 is therefore
disphayetd in the position spatially related to the position of the portion of the wiltlen contertt
108k, Furthermorg, the portion of wiillen conlent 108¢ corresponding o the annotation
1100 discusses g Ume for the user (o vistt an offioe in & position towards the boltom of
the writing swiace 108, The annolation 110¢ {s spatially related fo this portion of written
sortent 108 by displaying the position of the annotation 1100 owards the bottom of the
display 104

{0022} -13. & B @ ook diagram of an example computing device 202 noluding a
processor 216 and a display 204, The compuding device 202 recsives handwriling data
1% desoribing written content 208 from an alectronic wiiling insfrument 212 o analyze
at modide 218 to deferming an annatation 218 The annotation 310 & enderad on the
display 204 ina g}-tﬁsiiim‘s spatia;ﬁy refatad o g position of a partion of the wiitten confent

and funciionalily o the 8&?‘?‘:;\3&5?5;‘3{3 devics 102 of Fisi?s. 1.

DOZE The wriling swiface 208 s 2 swface off-soreen from the display 204 of the
computing device 302 and is used for the glectranic wilting instrument 212 to create the
written content 208, The wiiling surfsce 208 may be similar iy struchus snd

Ny &

functions iy (o the eriting stirface 108 of FIG. L

gy

O024] The witlen conlent 208 is provided on the wriling swface 206 with the
slechonic waiting nstrument 212, The writlen content 208 includes the portions of the
wiitten contant provided by the user using writhig istnanent 212, The written content
208 I8 generated off-soreen from the display 204 on the wiling swface 208, As such,

R

N user may Wlize the electronic wiiting nstrument 212 1 maks confast with the
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may ulilize the slectronio wilting instrument 212 to create a note addressed o Stefan.
D023 The siectronic wiiting Instrument 212 is an slectronic device ulilized by
user to produce the writlen content 208 on the writhy swince 208, Addifionally, the

slechronic wiling instrument 212 transmits the handwriting data 214 1o the computing

i

davice 208 wirslessly or vie a wired cormaction, such as a cable. The slectroio w

ey

ngs
nstrument 212 may include ooty andfor intemal sleclionic components to ransms
signals {0 the computing device 202 indicating @ loeation and movament of the fip of the
glechronic wiiting instrument 212 on the willing surfacs 208, For sxample, the slectronic
writing §s‘;s?ra§s*ﬁem 12 may include a speaker fo amit an ultrasonic signal deteciable by
computing device 202, In another example, the slechronic writing insfrument 292 may
include @ radie frequency (RF} emitter andior infra-red (IR) emitter fo transmit signals fo
the computing device 202, Embodiments of the slectronic writing instrument 242
include a Qigial pen, 8 digital peacll, stylus, slectranic writing wlensd, o other alestronic
wiiting Instrument 212 capable of creating the wrilfan content 208 on the woling swiface
208 and ransmiiling the handwriting dala 214 to the computing device 202,
{O028]  The hantlwriting dals 214 describes the witten conlent 208 pravided on the
wiiting stirface 206 and is ransmitled o the compuling device 202 from the slectionis
witing hstrument 212, Specifically, the handwriting data 214 may include coordinates
$when the electionic wiiting instrument 212 fip is iy contact with the wilting swiiace
206, By recehding these coordinates witich mcludes the location and the movemsnt of
the fip of the slechonic willing instrument 212 iy contact with the wriling surface 208,

the compuding devios 202 corwerts the coordinates inlo the written cortant 208 or digital

fext fo analyze al module 218, The coordinales desoribe the wiitlen conlent 208 on the
wiiting swiface 208, which s offsoreen from the display 204 of the computing device

202, In one smbodimant, the sloctonic willing nstrument 212 ransmits the

nanguiation andfor liateration, in this smbodiment, the processor 218 determings the
Incationy of the elecironic wriling nstrument 212 #p by measwring angles andfor
distances batween the location and previcusly Xnown reference point.  In ancthay

ambadimant, the slectronic writhy instrumant 212 fransmils the handwriting data 214 o
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the processor 218 by performing at least one of alirasornic tanguistion, radio freg UEDDY

3

{RF} inanguiation, infra-red (IR} idanguiation, and infra-red () dots. This embodimant

s

s expliained i greater defall in FIG, 4.
WOETY  The mrocessor 218 recelves the hendwiting dats 214 from the slecironic
writing nstrument 212 fo analyze al module 218 o delermine the annotation 290 In

e

render on the display 204, It one embodiment, the processor 218 recelv

v

% he

%

6]

coordinates of the handwriting data 214 and conveds the coordinales o digitsl fexd §
analyze at mooule 218, Embodiments of the processor 218 include a microchip, chipset,
sleclronic ool microprocessor, semiconducton, microcontrolier, central processing unit

N

{CPL, grephics processing unll {GPU), visual processing wdt (YPUYL o other

¥

’l

programmable devics capable of receiving handwiting data 214 to analvze 5t module 218,
{0028] The module 278 analyzes the handwriling dala 294 received fom the
plectronio wriling jnstrument 212 {o determine the annolation 210 b one enbodiment,
modide 218 includes converting the handwriting data 214 to dighial data o analwse. In
ancthier ambodiment of modide 318, {he handwiiling dala includes coordinates of the

jaoation and movement of the alectronic witing instrment 212 on the wiiting sutface

208 iIn ihis embodiment, module 218 includes converling these coordinales into text.
Embodimants of the modide 218 include a sel of natructions axeculable by the
processor 16 o analyze the handhwilling dala tanamilied by ihe slechonic wilting
instrument 218, In another embodiment, module 218, analyzes the context of the

'

handwriling datla fo determine the anoolation 210 relevant to that portion of the wittes
0B, In a further embodiment, modide 218 determines the annolation Iy

4,

2
analyzing the handwriting data for @ seyword. Then, once recognizing the keywaord, the
progessor may oblain the gonolation 210 from & storage srea that associates the

&

annofation 210 with the keyword, This embodiment is explained in detall in FIG.

L

BOE8]  The annofation 210 is renderad on the display 204 fn & position spalialy
refated {0 the posifion of the portions of weitten pontent 208, For sxample, & mma‘“ of
cordent 08 may be positionsd at the bottom right comer, thus the
responding annotation 210 would be rendered v 2 position owards the bottony right

Q
i
%

comer on the display 204 In one embodiment, the display 204 on the computing
device 202 renders the annolation 210 & realtime as the handwriling data 214
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A

desoribing the wiillen contant 208 s ;:\m\es{:ea on the weiling surface 208,

P

in this

ambondimend, the compuling device 202 renders immediste feadback (e, annciations]

R

k
white the user is generating the wrilten content 208, The annolation 210 may be similar
i structure and functionality o the annolations 110a- 1100 as i FIG. 1,
TN B

202, renders the annotation 210 o the usey of the computing device 202, The display
S

he dhaplay 304, included as one of the components of the computing device

204 may be similar I funclionalfly and struclure o the display 184 as I FIE. 1.

{00311 FIB. 2 s 8 blook diggram of an example computing device 32 ncluding a
grocessor 318 sssopialed with a storage areg 320 o dentify an annalation 310 {0
render on & Sisplay 304 based on recognizing @ Keyword 322, Addifionsily, the
proacessor 318 reoognizes the xeyword 337 by analyzing the handwriling ooty recaived
from an alschonio wiiling instrument 312 at module 318, Further, he slecironie wiiting
nsfrument 312 transmits the handwriting data 314 that desonibes wrillen content 308 on
a writing swrface 308 offscreen from the display 304, The compiding device 302 may be
similar in stucture and funclionality 1o the computing devics 102 ang 202 n FIG. 1 and
FIQ, 2, respectively.

00331 The witing surface 308 provides the wrillen content 308 when the {ip of the

gy

slectronic wilting instrument 312 is i contact wilh the willing surdface 308, The
slogironic witing instrument 312 transmits the handwrlling data 314 o the provcessoy

318, The writing surface 308 and wiitten content 308 may be similey in struclure ang

4'-'4-
:3
9]
e
b2
3
Ly

functionally to the writing surface 106 and 206 and {o the porfions of will
108a-108¢ aod wrilen content 208 as it FHE. 1 and FIG. 2, respectl veiy The elechkonic
writing nstrumeant 312 and the handwriting dala 314 may be similar In struchire and
funclionality o the electronic writhy instrument 212 and 1o the handwelling dala 214 a8
in PG 2.

{00331 The processor 316 recaives the handwriling data 314 o analyze & modyle
318 fo determing the annotation 3180 The processor 318 may be siivilar in struciure

=2
ey
ey
s’
()
Se
(o3
%
£ £
E
b
o
i
b’

and functionality to the processor 2318 as in FIG, 2. The module 38
funclionality to the mindule 218 as n FIG. 2
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)

{0024} The slorage grea 320 stores aodior maintaing the keyword 322 assogiated
with the annotation 310, More specifically, the processor 318 determines the annolation
310 based on an association of the texd with & keyword 322 in the storage sres 330
The processor 318 may communicate (he keyword 3232 with the storage arsa 320 on &
network or residing on the computing device 302  oblain the annotation 310, Fuor
exsnple, the keyword “danuwary” may s%g;na% for the processar 318 o analyze the

contentt of the ward, Thus, the processor 318 may oblain the annutation 310 which may
nclude & tigger for opating @ calendar application by looking for the kevword 322
“January’ @ the slorage arsa 320, The slorags ares 320 may nclude ssverg! keywords

associated with & single annotation 310, In keeping wilh the previous example, the

2

R

word "Thursday” or "Spay ndicate dates and as such, the processor 318 oy ook for
thess words iy he slorsge area 320 v obiain the annolation 310 which may inchyde the
frigger for opeuing the calendar application. Embodimenis of the slorage amsa 320
nolude 3 local slorsge, web storags, memory, memory buflern, cache, novwolatite
memory, volatiie memory, sndom access mamary (RAM), an Elechically Brasable
Programmable Read-Only memory (EEPROM}, slorage diive, a Compact Dise Read-Only
Memory ({CDROM), or other physical storage devics capsabie of sssocialing the keywod
322 with the annotation 310,

IG035] The keyword 322 5 associaied with the ammolalion 310 within the storage
area 320 for the processor 318 o oblain the annalation 310 In one embodiment, the
keyword 322 may inolude universal or global tlerms. For example, keywords eigted D &
dale, time, andior schedule indicale a0 associalion with the arnmotalion 310 {o include 8
trigger for ppening the calendar applicalion.  in another embodiment, the keyword 322
may be g term personalized o the user of the computing device 302, For axample, the
usar may dasire the kevword 322 fo include a person’s name and the samaotation N
would provide & fink to that fend’s social oebworking site.

G038 The amofaion 310 s oblained by the processor 318 and rendersd in a
position on the display 304 thatl is spatislly related to the position of the ;»0(3“ ot written
coment 308 on the witing swrface 308, The annolation 310 may be similar iy struciure

and functionallly to the annotafions 110 110c and 210 88 in FIG. 1 and FIG. 2

=
=

respactively,
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gy

(s

davice 302, The display 304 may be shnilar in sfructure and funcliona

Eos

@ display 304 renders the annolation 310 io the user of the compuding

ity of the display
104 et 204 as M PG Y and FIG. 2, respastively,

ke

[0Q38] FIG. 4 & 5 block diagram of an example somputing device 400 for receiving

Gl

hanthwriting Cate and to perform al least one of ulfrssonie Hangudation, radio frequenay
{RF} trfangulstion, Infrared (IR} angulalion, and infra-red (R} dots.  Futher the
computing device 400 anslyzes the handwriting dats o determing an annotation and
renders e annotation on a display.  Although {he compuling device 400 hhudss
processor 402 angd machine-readable storage madium 404, # may alse inolude other
components hal would be swflable to one skilled in the &l For example, the computing
device 400 may include the storage area 320 as in FIG. 8 Additionally, the computi
device 400 may be sinifar v struclire and functionallty of the compiding devices 102,
202, and 0% a5 In FIGS. 18, respectively.

{0038} The processor 402 may feleh, decode, and sxecute instructions 408, 408,
410, 412, 414, 418, 418, 420, and 422 The processor 402 may be simisr in
in FIG. 1 and FIG &,

espactively.  Speciiically, the processor 402 sxepudss inshuctions 438 o recelve

31

functionailty and struchee o the processor 218 and 318 as

handwriting dala and funther performs at least one of wirasonic Yanguiation instuctio
408, radio Yrequency (RF} franguistion instructions 418, infrared (IR} 'riffia:.}griaticﬂ
inghructions 412, and infrered {R) dots hstruclions 414, The processar 408 slso
axaoules anglyre the handwriting dala {o delerming an anmolation instructions 418§,
conver! the handwriling to digital dala instrections 418, coordinale the writing surface o
correspond Yo the computing devive display ingbructions 420, and digpiay the annotation
on the display instructions 422,

04 The machine-resdable slorage medium 404 may include insiructions 408, 408,
410, 442, 418, 5, MMB, 428, and 422 for the processor 402 %o felch, deoode, and
axacite, The machine-readable slorage medium 4804 may be an slectronic, magnetic,
optical, memary, storage, flash-drive, of other physical device thal containg or slores
execulable insuctions. Thus, the machine-readable storage maditm 404 may indlude,
for example, Random Access Memory (RARM], an Blecticslly Sresable Programmable
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Read-Only Memory (EEPROM), a slorage drive, a memory cachs, network storage, @
Compaat Dise Read Only Memoary (COROMI and the ke, As such, the machine-neadable
storage medium 404 may include an application andfor frmware which can be ulifeed
ndependently andfor i conjunclion with the processor 402 o feloh, decods, andior
axecids instructions of the machine-readable slorage medium 404, The application andior
firmpware may be stored on the machine-readable storage medium 408 andior stored oo
another location of the computing devies 400,
D041 Instructions 408 include the computing device 400 recsiving handwriling dala
from the slechonic wiilting instument. The handwriling dats bioludes coordingtes o
incdicate the localion and movement of {he U of the electronip wiiling nshrument 212
while iy contact with the writng surface. This sllows the handeriting data fo desoribe

the written oontend provided on the weling sufaoe. I ong emibodimient, nstructions

s

408, further includes performing at least one of tiangulation andfor tilgleralion fo

determing the movemerd and location of the Hp of he alscdronio willing hstrumend, In

ancther embodiment, instructions 408, further Includes instructions o parform & least
2

ong of structions 408414, For example, the compuling device receives the

hanowriting data and may perform radio frequeney (RF} tlangulation instructhiong 418

srmnsy

00421 Instuctions 408 include  performing  witrasonic Wangulstion.  In this
gmbodiment of nstructions €08, the alocranic writng instrument includes 8 speaskear
that emits an ulirasonio signal. The ccmgs‘ ding device 400 may includs recsivars, such

dditionally, the computing

]
k73]
1]
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&
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o
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o
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sl
&
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&
%
{ﬂ
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w
Wi
o3
2,
b
3 R
P
%

device 400 may delermine diferences in iming andior strength of the emitted wWivasonie

¥

P~

signal 1o dederming he locabon and movement of the slectronio willing instrimen
within a determined area (e, the wiiting surface). Allemalively, the speaker iz on e
computing device 400, and the receivers ars on the elsgironic wriling instrumen

D431 inshructions 410 include pecforming radio frequeney (RF] tangulation. in s

embodiment of instructions 410, the slectronic wriling instrument includes 5 radio

K]
Ed
2%
%
€3

freguency (RF) emifler o banseit 2 radio frequency (RF) signal to the oomy
device. The computing device 400 includes recelvers 1o recaive the RF signal and may
detenmine differances in Siming, frequency, andior strength 1o indicals the location and

movament of the slectronic writing instrument within the wiiling surface.  Alternatively,



WO 2013/130060 PCT/US2012/027089
13

the amiler s on the compuling device 400, and the receivers are on the electronic
wiiting instrumen

{0044] Instruclions 412 include performing ifawred (R} s\;aﬁgma@m in this

nitter that emils an infra-red (R} *;*g; tand the compiting device 400 includes a infra-
red (IR} delectors o receive (he IR signal  Additionally, in this smbodiment, the
somputing device 400 may delermine differences with the fiming, frequency, andior
strength of the IR signal o futther delenmine the movement and logation of the
sleclronic writing instrumant within the wiiting surface, Altematively, the emilter s ond
computing cevice 400, and the defecions are on the elechonie wiiting nstrument.
0045]  Ihebructions 4144 include parforming infrared (1R dots. In this embediment of

¢

%5
343

froctions 414, the clectronio writing by
on the wiiting surface. Further in this embodiment, the IR dols may cresle a palism
and this patfern is used oy the slectronic willing nstrumaent o detarming 8 position

¥

refative to the computing device 404

et

DO487  instructions 418 include analyzing the hendwsiling dala receives &l
justructions 408 fo determine the annolation. &y one smbodiment instructions 418
nplude analyzing the handwriting data and further inclwdes instrctions 418 o convert
the handwriting datae to digital dala.  in this embodiment, the handwriting data may

inchudde coordinates and a8 such, these coordinaies are comverted o digial dals

.

for

¥,

analysis.

(0471 Instructions 418 nclude converting the handwiiling data to digital data. inone
emnbodiment of instructions 4138, the hendwiting data desoribing wilten conlend
received from the slectronic writing instrument, hludes coordinates that ars conveartad
into texd and the text s analyzed by the compuling device 400 o delenmine the
anneiation.

0481 msfructions 420 include coordinating the wiiting surfacs o corespand i the

dispiay associated with e compuling device 400, Additionally, instructions 420 includs

o

5,

the computing devics 400 transiating the size of the wiling swiace o correspond fo ths
size of the dis gﬁa‘y on the computing device 400,
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differing sizes 50 the annolalion is displayed & posifion spatially ralated ©© the position
of the portion of witten contertt, regardiess of the differing sizes. In one embodiment,
nefructione €20 may QUTHT gsrim‘ or simulansously o ihatructions 408, in another

dned gt instroctions

ik
=4

{00481 natructions 432 inchude displaving the annolation deten

5

416 on the display of the compuding device 400, Specifically, the amnolation is

”

displaved & ;;sﬁsiiim spatiaily relalad to the posifion of the porfion of the written

{0088 FIG. s 3 flowehart of an example method performed on 8 compuling devioe
o receive handwriling dala, convert the handwriting dats to digilal dats, and analyze the
hangwriting data o defermine an annctation o display. Although FIG. § is desoribad &

being parformed on computing device 102, 202, 302, and 400 ag in FGS. 14, it ey

wigcuted on other auifable componenis as will be apparent {o hose skilled §
¥

o]
%
o
@
¢ a’)
b

1. For sxample, FIG. § may be implemented in the form of exsoutable instructions

L4
54
B
st
b

on & machinevrendable sforage meditm, such 88 machine-readable slorage medium
404 in FIG. 4
WS Al pperation 502, the computing device receives handwriting data desaribing

€

wiitten ondend {‘fﬁ‘&’t{}&‘}(ﬁ oft & wriling surfgce Fom an stectronis wril

::3

1%
0
o
54
&
b
i
o)
-

one embodiment of oparation 302, the compuling device recaives the handwriting data
which ncludes coordinales indicating the movement and location of the slechant
writing inslrument when iy contact withy the willing surface. The ceordinales desaribe

o
oy
8
P

the wriften coment on the writing surface, which s off-screen from the displa
computing devies.  In anoiher embediment of operation 502, the slechronic wriling
mstrument bansnils the handwriting dala including foxd desoribing the wallen content.

D082 Al operation 304, the compuling device converls the handwritiog dats

received at operation §02 to digital data. i one embodiment, the | @sﬁ.‘wriﬁﬁg data

s
B
g
a
23
i
g
D
»
i
o

includes the coordinales and as such, the compuding device converts B
digital data, such as digial fext, describing the writlary content. I another embodiment,

the computing device receives toxt desaniling the wiitien content and as such convernts
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G053 A operation 508, the computing deviow analyzes the digital dats generated at
operation S04 fo determing an annolation thal corresponds o 2 portion of the wrilten

content provided on the wiiting surface,  In one smboadiment of pperation 808, the

cornpniling devi nalyzes the digital dala 1o recognize a keyword, in this embodiment,

B

o8 &
the us:)mpui g devicg may communicate with a ool slorage ares or nebwork slormge
grea (o delermine the annotation based on the association of the keyword withhy the
[G054] Al opsration 808, the compuling device courdingtes the wriling surfacs o
correspond {0 the display on the camputing device, Specifically, at operation 508, the
sompuling device ransiales the sige of e display on the compuling devics o
sorrespond 1o 8 size of the wiiting surface,  in one embodiment, oparalion 508 oooun
{35‘739{' fo ;‘eﬁe%\riﬂg the fan §ws’§€é{zg’ dala st operation B0Z.  In another embodiment,
operation 508 cocurs prior to displaying the annolation at operation §10.
snbodimen, operation 508 may ooowr simulianeously with operations 502, 504, 5086,

IGOSSY At operation 510, the computing device displays the annolalion thal was
gdetfermined af operation 508, Addiionsily, at operation §10, the srnolalion is rendeved
on the display in 2 position that is spatislly related {o a position of he portion of wiiten
sontent on the ws&ﬁmg sigrface,

16058]  The smbodiments described iy detall hereln provide a wser with & more
sducational angd informative experience by endering s annutation in a position spatially
redated fo 8 position of the portion of witten content on a wriling surface. The annolation
provides feadback it an explicht manner © the user o improve and yndersiand thelr

writing.
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CLAMS
We olainy
1. A pon-ransitary machinereadable storage medium encodad with instructions

axacidable by a processor of 8 computing device, the slorage medium comprising
nstructions o

g

recaive handwriting data deseribing writlen content provided on & wiling surfig
fram an electronio weiting instrumant, the willing swiacs off soreen from a display of the
somputing devics,

anglyze the handwiting dals o delerming an amolalion coresponding o &

K3

portion of the writen content; snd

je9)

diapiay the annoctation at g p(}*siii@ﬂ of the display of the compuding device,

wherein the postion of e annociation is spatially related {0 a position of the portion of

¢

the wiitten contertt on the wiiting surfacs.

2 The non-fransitory machine-readable slorage medium including e instructions
of clabm 1, further comprising nslrashons o

cooninale the writing surface {0 comespond fo the display on the computing
device by dJdetenmining a size of the wailling swface and ifransialing the ske fo
corrsspond 1o o size of the display on he compuling devics,

S The nonfransitory machine-eadable storage medium of dalm 1, whersin e

nstructions {0 analyee further comprise instructions to convert the hgndewriting data in
dighal data,

E3

&, The noretransittey machihereadabde slorage medium of ofgim 1, wherein the

instructions o recelve the handwriting data further comprise nstructions o perform at

foast one of wlirasonio rianguation, radic fregquency (BF) tangulation, ifra-red (IR}

{rianguiation, and infra-red dots.

&

e norelransitory machine-readabde storage medium of claim 1, wherel the
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annciation ndhudes at least one ofl a tigger for performing 2 web search, a ¥rigger for

operdng an application, g ink, 3 definition of & word, and 8 corrsction of & word.

& The non-transiery machine-veadable slorage medium of olaim 1, wherein the
chaplay on the computing device displays the annotation withowl the handwriting dats.

7. A compuling system comprising
a eanputing device comprising 8 processor o
receive handwriting data describing veritten contant provided on a willing
surface from an lechonie writng hstrument, the wriling swifsce off soreen from a
dispiay of the compuding device,; and
anabvee the handwriling dafe o determine an annotation corresponding in
3 portion of he wiitlen contant; and

the amnotation at & posilion of the

&
—
@
ok
fad
&
e 4

3 display on the compuling device {0
display, the position of the annplalion spatislly related 1 & position of the pution of

wiitten content on the willing surfacs.

o0

The camputing system of claim 7 further comprising:
an sleotronic wiiting instrument associated with the computing device o transmit

the handwriting data.

8. Ths comp

;

ing systeny of claim ¥ wheraing

to analyze the handwriling data to defermine the annotation, the processor is fo
recognize g keywosd within the handwriting dala, and

the computing device fwther comprises & storage area associated with the
procassar whereln the processor defermines the annotation based on an association of
e keyword iy the slorage area,

3

19, The computing systam of claim 7 wharein the computing device renders the

D

annotation in realdime as the handwriting data desoribing wiitten content is provided on

fhe writing surface.
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1. The compuling system of claim 7 wherelhy $e display on the somputing device
randers the annolation without the handweiting data.

12, The compuling syslem of olabm 7 wherein {0 receive the handwailing dat
describing wiitlen content providad on the willing surface from the slsctrone wriling
inatrsma g further comprising instructions o perfont ot least one of tlanguiation and

13, A method sxeculad by 3 compuling device, the meathod "a}mp; sing:

Gisplay of the compuding davios;

gonvarting the handwriting data to 8 digital datg;

analyzing the dighal data to deleniine an annolation corresponding o a poction
of the written contant; and

-

cotrinaling the writing sweface o correspond o the display on e compudin

({2

davine by dJdefermining 2 size of the wiilling surface and fransialing the sige {0
correspond to a size of the display on e compiding devics; and
displaving the sanotation &t a position of the display of the computing device,

=

o

whersin the position of the srnotation s spatially relaled o 2 position of the portion of

fha wrilten content o the weiting surfaes,

4. The wmethod of olaim 13 whersin fo receive the handwriing dale desanibing
written content provided on the writing surfacs further comprising o perform g least one
of ultrasonic  Wangulation, radic frequency (RF)  Hlangulation, nfa-ed (IR}

fnangulation, and infra-red dots,

18, The methad of claim 13 whersin the annolation includes at least ane of! a rigger
for performing @ web search, a trigger for opening an application, 8 link, & definiion of a

word, and 8 correction of & word,
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