USER LNTERFACE FOR TEXT | NPUT OF COVPOUND CHARACTERS TECHNI CAL FI ELD: 5The
exenpl ary and non-limting enbodi nents of this invention relate generally
to user devices, such as those used in wreless comruni cation systens. as
wel |l as to nethods and conputer prograns and, nore specifically, relate to
user interfaces to enable text input of |anguages that use a conbination of
characters to forreaRPERALCE heraekanspUalgocdmPyoNacHAgatTERS or conj unct
characters, such as those found in Brahm c scripts. 10 BACKGROUND: This
section is intended to provide a background or context to the invention
that is recitedretetiber¢irabDns. The description herein may include concepts
that could be pursued, but are 15 not necessarily ones that have been
previ ously concei ved or pursued. Therefore, unless otherw se indicated
herei n, what 5i s Thesemidnedd hep-inhiiisg egbedimots of Sismpentyn rdate ggpeally & Wiie
description and,glai OBy hithdiDisse ARRELG2LhAHiARG, &S0k REM 4 Ledods0 be pri or
art by inclusion in this section. 20The follow ng tans are defined as
fol | ows: Li gat upe/cempareans md| pert greciigharddt Brojer WHiTees [saplcfibi nat i on of
two or nore bas .lr@utloetaﬁg%xﬁg%s i€ SRABRatRh of dheradibrg@tiheoRfoueOtaatiet, May, or
may not, provide a clue as to the QonstitueH} letters. anplek the joint
form (di agr aph) 2§Fs%pas IEgHessh sRet s iae® E?&ﬁﬁahﬁﬁgﬁﬁégﬁ By 6ccel udi ng
with or witheout releasing, diverting or obstructing the flow of air from
the lungs. in L %kQGkQQNgetters BCDFOHJ K etc. Note that Character (Char)
and consonant are used’interchangeably in the follow ng text. Halant/Viranma
- ageneric termfor a diacritic character in nmany Brahm c scripts used to
suppress an inhepent,; youal. sy i&ﬁ%&ck%%%?co\%eﬁl% M RENof BRSQDANT
character. 1 Matral/Dependent Vowel - a character associated with a
consonant or a dhhreseedhe dearirios herppmpEEritds cucrEiebEAbe B EHPEiFe t he vowel
sound of thafs copseRaMiy oMdihi8been pRviBRIVKRGHQG: @suad, | @bt @, MksCh
di stingui shes it fronlt%e sane letter mLthut.a . . _

otherwise indicated herein, what is desctibed in this section is not prior art to the

description and claims in this application and is not admitted to be prior art by inchusion

in this section.
20  The following terms aze defined as follows:

Ligature/Conjunct - A letter (character) which is a combination of two or more basic
letters. The shape of the ligature or conjunct may, or may not, provide a clue as to the

s

constituent letters. Example: the joint form (diagraph) of " &".

Consonant - 2 speech sound produced by occluding with or without releasing, diverfing,
or obstructing the fiow of air from the lungs. In Latin the letters BCDF G H I K, ete.

Note that Character (Char) and consenant are used interchangeably in the following text,

Halant/Virama - a generic term for a diacritic character in many Brahmic seripts used to

suppress an inherent vowel sound that occurs with every consonant character.
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5mark, usually having a different phonetic value or stress. Many | anguages
support the formation of |igatures or conjunct characters in sonme form
Sonme of these | anguages may or may not require the use of a special
character for joining the two intended characters. The use of the special
character results in the formati on of 10the conjunct, where there may or
may not be a conplete change in the 'glyph' or physical appearance of the
resul ting conj upeta/ShRaat vers! - AthaREee0kaddahiaRYeRifs: aiactfrdiaciawar e of any
user interface th@%& rovi des and user intuitive technique

for creating cofif a@ﬁ?ﬁ?ﬁ?ayﬁgﬂkxpwgigﬁslg&aﬁ?ﬁ Tes the 15 resul tant

conjunct character is totaIIy different in appearance, as conpared to the
participating Cpfg{h?%t gtota&%tar%?c%n%@t}/ E&QQ&B%&&M&@wa&%a' I gat ure as
a single charac an as a co mati on e Issue that arises is
that end usefs d@kn@wﬁh@W@ss@ﬁﬁmvPmmééﬂﬁvaﬁdﬁﬁhe underlying user interface
process of using a special character to forma conjunct character. 20 Most
of the | anguages used in the Asia and Pacific (APAC) regions have the
characteristic PRBPEEIFEErPPEEBPOFPIAY TR Y NS AAEE S TS E8Hhound

characters, al s@ui9Wbke A8nbREmMEAR ittt Isqr.@rg the u@am;}@m @S &r pampound
characters are forned b 40|n|

n aracters u5|
character, suchP8§"4HEd hﬁﬁﬁﬂsqpﬁﬁfﬁ%?sgﬁ} a%ﬁ“ﬁ% 1%§emm%sg€%ssed f or
| ndi an | anguage s ianjuGhiapgtethes nof cdogumdad coniPhe cnidote :iSpamdarnsdal
5.0-Electronic Ed|t| h 1- 2007 Uni code, Inc. Reference can
al so be made to’® M%Qem‘ ?%%dégﬁ%m$g%w§%38crlpt Code of Information
I nt erchange-1SCC, (c) BI'S 1991, Bureau of Indian Standards. For exanpl e,

the Devanagari %cfﬁrks%t RITPQ¥:S a@n{ﬁ b of bR el [rRekade QuaBRohde s IR eBfdfen( Uni code
val ue U+094D), also known as Virama and as a vowel _om ssjon _si The

char act er Fblaﬁ%“ﬁW“FﬁWﬁﬁ“@éﬁ@ﬁéF@?m#HHF@&F@%“FWé%Bﬁﬁ%@?dﬁmﬁﬁ%h’vowe

S?unﬁ wher 3 ist Qésﬂél@ﬂtwoﬁﬁncﬁ@hbké&e@&cw@ig Nog-emlih ys%peaadaalﬁmbmpmus aﬂdaz :1 he end
of the word to indicate that t word ends with a c onant sou t hus
omitting the i nREFEHE"S, SIS “T‘ﬁg’eluﬁﬁlnéaﬁq%"td ah oA t%’C‘IS amIe‘n‘xmendr?pt he
application of thectklaltemtha & adistatagot He: coasienants icthushérsrswherte two 5 or
nore consonants _are t.o r Wt | Lyeni | sound

Vi sual ly, such gﬂfsgﬂ%%gﬁgﬁﬁgggﬁgggﬂ?$& epl%?%%&ﬁ§ﬂ%ﬁ% %pﬁggFﬁgyﬁppearance
of the vowel - | essivoonsanamtharager. by repl aci ng a sequence of consonants by a
singl e shape;; a ligature. In systens wth inadequate neans of displaying

t he consonant clusters, a Halant may be displayed as a VISIH|€ character to
i ndi cate the onﬁ§§i6%&6ﬂmﬁﬁﬁﬁv8ﬁﬁﬁﬁ§ﬁuﬁﬁiQW%H?ﬁmt%mAEb§@W§b Hfit“%l ust er .
Figure 1 shows tch@actdakRRtopertodFRb®iing the formation of such compound characters, also

known as the conjuncts or ligatures. These compound characters are formed by joining

two characters using the special character, such as the Halant.

25
Ligature formation has been discussed for Indian languages in Chapter 9 of document:
The Unicode Standard 5.0-Electronic Edition, copyright © 1991-2007 Unicods, Inc.
Reference can also be made to: Indian Standard, Indian Script Code of Information
Interchange-ISCC, © BIS 1991, Bureau of Indian Standards.

30

For example, the Devanagari script employs a sign, referred to as the Halant (Unicode
value U+094D), also known as Virama and as a vowel omission sign. The character
2



Character|l + Special Character (Halant) Character2 = Ligature/ Conjunct

In Hndi 7 + +lsr = 151 n Bengal i Ki=r> Problens can arise when attenpting to
i npl enent the creation of conjunct characters, such as when inputting text
with the user interface of a small portable device such as a cellular
phone. For exanple, in sone cases users may sinply not know how to enter a
20 ligature by explicit input of the special character Hal ant. Further,
some userk S maK Bhike Mfamb Qre@Adlie indlcktes ﬁh&@aﬁlgﬁefﬁsﬁ)ﬁ@ Qid vif’n_ézemcﬁ}eﬂﬁ]?sypag, and
may not know how conti nue when the needed _character is not und.

Furt her probl err%"‘“h‘g‘?‘fc 'T‘l{’%g’\ﬁat af“‘ri‘ﬁ)'ésgdEftg‘aﬁ?‘ﬂ“fg’gw\?\%g“s’%&c WAl ¥ Bear ance

di ffers from t headplvtinatdnemant @und-{thuAbmittinylthe iDwent @wtihdbe Indiaf freiadlt | es

SOMe users may % Ieﬂe&dgga M}%ﬁcaggn (E“thL E{%ﬂ l:otina\%?n[.eq}% co cYMsi%rrs ‘NQQQT tTVEXt
nmessages, or if there 25are words w consonant clusters or ligatures they
may be i ncor Fectimerygoispraeiy are Bhbprpropmieqed Wiyt al wisrvpdrieeys eound Yudikanpl e, the

ligatures aT or (3T, A% lere IQn dHORSONAMche (RN ce OPDIRALEQNS of two
di fferent consonants. This can result in incorrectl ?{fd*WI ting those words
g

that include suBHSIPELE Y EBlCIBONRIGRE S CHReRPaE} 0 TR i Fiecli t to

fl_el ete t hegi)astT siR@ht Wil Raking n&%lﬂroﬁ@i&}%’yin@féhetc&%odajngﬁkﬁt&ﬁa Hi@anf @&MBea nlew

i gature. ese various problens. nmpy be.seen . to have g compn el ement
related to the p‘éé?”e ‘f'?ét“sﬁ’?égzgac%?l dbctat%l? O%P%“%“F“ oW 6" (va%i&m@ | i gatures
usi ng the sp@ci alnsehariast tigfHahantthe ahedt as a result they may tend to not
use these characters, even though they are an integral part of the

| anguage. Ceneral reference with regard to entering scripts, including APAC
scripts, may beFfowid in commonly owned US Patent No.: 6,934,564, issued on

August 23, 2005@11&&4%&1*10%6@51@&@@@@%@ JgbRrovi dipgchindi 1 nput to a
Device Using a Nunmeric Keypad", by Petri Laukkanen and M i ma- Mari

Savol ai nen. SUM#ARMdI h® +foregei ng and ot her problens are overcone, and
ot her advantages are realized, by the use of the exenplary enbodi nents of
this di scl osur eln Bongatiz+n+5=7

Problems can arise when attempting to implement the creation of conjunct characters,
such as when inputiing text with the user interface of a small portable device such asz
cellular phone. For example, in some cases users may simply not know how to enfer a
206 ligature by explicit input of the special character Halant. Further, some users may attempt
to enter the lgatare straight from a keypad, and may not know how to continue when the

needed character is not found. Further problems can arise with those ligatures whose

visual appearance differs from the phonation: & + < + ¥ = &7, Due to these difficultes

some users may avoid the use of 'difficult words' when writing text messages, or if there

25  are words with consonant clusters or ligatures they may be incorrestly written. Some

users may also perceive, for example, the ligatures & or # as independent consonants,

and not combinations of two different consonants. This can result in incorrectly writing
those words that include such Hgatures. Some users may also find iz difficult to delete the
last participating character of the ligature to form a new ligature,
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In a first aspect thereof the exenplary enbodi nents provide a nethod that
conprises receiving a first character; receiving a second character; in
response to receiving an indication of a drag and drop operation perforned
on a touch reRREDINE pibRRs Ry b8 WRARS FRRSIBHnINSIdhBklatl s AEkRE mand the
second character; and if the first and second 20 characters are suitable
for form ng ssecomjymathe aplasrcdboe to, creatpigasirasgsinh thefpeesy charadtes@ebnd ahar act er s
with the conjunct, character.. I n another aspect thereof the exenplary
enbodi ment s Proviie reeisiter Sl e RRREFr WS ey et SRR Y ot o
program i nst siubé lzaanmeé.hat when executed result in 25 perform ng operations
that conprise, in response to tactile user input, executing an operation on
a touch résponsive display so as to at |east partially superinpose a first
di spl ayed chatagti@dre@nd vAhIERAN eftesR RYRE icNLRACABAC sGRRSHAY bd¥Bu set  of
linguistic rules to determne if the superinposed first and second

charact ers areonppnbypmingd BS Eaai Niatte” 3dRat desved @ fegust2dr I0ng Methed ppdunct
character, a ' - ' the . di f b econd
char act or s wieprae RS HERL ARLOE £ DRI SBhAY Rkt Rbypalt, B0beRE 0"t ry
of a third, bspétimhachafiactdan Savoluir@not her aspect there is provided an
apparatus, conprising: at |east one processor; and at |east one nenory
includingukonputer program code the at | east one nenory and the conputer
program codesgonihgured to, with the at | east one processor, cause the
apparatus to performat l|least the followi ng: respond to input froma
tactile user input device that at 5 least partially superinposes a first
displ ayed chafagtebind il BnSaEaItn s BlAYREL GRASAGLATaRYCODRILANG, & set o
linguistic rules to determne if the superinposed first and secon
char act er s athe uvappithpesicatprcaneiitame o s distlesuse. f or f ornmi ng a conj unct
character,. if the determnation is affirmative, replace the displayed first
and second characters with a di spl ayed conjunct character, without
requiring Usefa B8Rt fspedltheeds el &templagtintlod eitatsaebde a MAthba that Eanigritey aspect
thereof the exenplary enbodi ments provide an apparatus that conprises neans
for entering™8°iFing $t IEhAPEELECEHI SR> §KEBh AT alit ETPOHEANE & & spl ayi ng
the entered figcatioPPla RGO GDRIBEHEES perlBABS oh O RE fREIARY Bspihag and
drop operation so as to superinpose the first character and the séecond
charact er; nmemesmpdsng tbe o shayecter gndl e setond ghariersuydaf podirstianthsespnd he fir st
and seco characters,. . eternm ning |f g : acters
are sut ) o TRl usBl: EEREHIL Db chlfoedy feBheiR fhe 366 3R iR
repl aci ng t hehdrictessd walnthe segjond cicdareact ers with the conjunct character on
the display neans without requiring entry of a third, special character;
and means, responsive to a user touching the same or a different displayed
conj unct charpgidier A& edNtheR8! HRIALMPlaA SRRAINER ALLRB 2 ddfpufceplaing the
di spl ayed conjunct character with two constituent characters. Al so
di scl osed i sEmogppaliye thet ¥erat cosdHist POBEMAnTHAtMs e hengredHdsruRg wi th a
di spl ay Rl GetiBibhs P QY1 Bespd i€ 16 WMTLLILInplS £Q0fi O €d SO as
to respond t ger{fc’?i%hrlgj (&r?oﬁ the 2@%}%ct’ilﬁeesgser :C}npulte d%v?nge,’ ev\ﬁerlégﬁe i nput
at | east partpadtiop supenimpesasvadiplrgto g ©pit dpebadhdy agteempaseck Arssecond
di splayed ch 3{331%;6 rchargcgzercaggzsa l'ilcl:c%nc? digp?atlyeg ]::ha!rellc?eq;ucloﬁst;dlt?ngral'!slete 5t Ii%guistic rules

to determine if the superimposed first and second characters are appropriate candidate

characters for forming a conjunct character, and if they are, replacing the displayed first
30  and second characters with a displayed conjunct character without requiring user entry of

a third, special character.



determne if the superinposed first and second characters are appropriate
candi date characters for formng a conjunct character. The controller is
further configured, if the determnation is affirmative, to replace the

di spl ayed fi fisho@BhsSREA0A iChANAGH oMbl Bndiidl) SALAYER pRRRHOG
character, wthout requiring user entry of hird, speC|aI char act er.

BRI EF DESCRI RT¢a9NneRcTidEy DRANhNIGSuputer pudmm@dhedhﬁasawemgmﬁmgmdé@ Figure

1 shows the Halant. 5 Fl re an1of us nment t hat
is suitable 8‘?mpurt‘r%ﬂ° ErEnt § ;ﬁée c?rﬁ'gmg)g(gﬁﬁ\ga[ggeaﬁe Oﬁ%ssorb%austeﬁh pﬁ%ﬁ"\l/ ht i on.

Fi gur es 3A- 3t petfoht &¢asmid ﬁoubefn@nregﬁndimﬂ;ﬁn Eb@Uﬂ’tﬁ:tiBa usslhﬁgmtiaecdmae aof a
stylus in 10conj unction with the touch sensitive displ ay ractice an
enbodi ment® ofF*ERPEANRATICS FigUtelyancharacter gid Bese%WéW%fCéﬁﬁa@ar to as
Figure 4, showdBQukses®br fil RGRE fidsho @&&&ﬁ&%k@@u&nh&ogéa%&%&&cmﬁ tive
di spl ay to practice a gesture-based enbodi nent of this invention. 15Hui= 5
is a logic ftlowchieyge amremate jandidye eharaster foe fopénsat joohnefcharagien Hate and a
result of ex ti.on r r conput er
Feadabl o memgysimief i RERHNE e REATh bR S SRR R 80 TR The
exenpl ary enm@lﬁiaymm@umﬁ chdnacser] widlent fequirin@@det guryenf@ thisl, speki@agharatieow di agr am
that illustrates the operation of a nethod, and a result of execution of
conput er %r ogram i nstructions enbodi ed on a conputer readable nenory, for
perform ng conj UnGiter SERAL Ak thel EdiBlary RMBEGRIARNHE N b apiear@xgapl ary

enbodi ments of this invention.
comprises means for entering a first character and a second character; means for

displaying the entered first and second characters; means for performing a drag and drop
operation so as to superimpose the first character and the second character; means,
15 responsive to detecting the superposition of the first and second characters, for
determining if the first and second characters are suitable for forming a conjunct
character and, if they are, for replacing the first and second characters with the conjunct
character on the display means without requiring entry of a third, special character; and
means, responsive to a user touching the same or a different displayed conjunct character
20  and performing a drag operation, for replacing the displayed conjunct character with two

constituent characters.

Also disclosed is an apparatus that comprises a controller for coupling with a display and
a tactile user input device. The controller is configured so as to respond fo input from the
25  tactile user input device, where the input at least partially superimposes a first displayed
character and a second displayed character, to consult a set of linguistic rules to
determine if the superimposed first and second characters are appropriate candidate
characters for forming a conjunct character. The controller is further configured, if the
determination is affirmative, to replace the displayed first and second characters with a

30  displayed conjunct character, without requiring user entry of a third, special character.

BRIEF DESCRIPTION OF THE DRAWINGS



25 DETAI LED DESCRI PTI ON The exenpl ary enbodi nents of this invention provide
an intuitive user interface for text input in any device where the | anguage
used for input supports a conbination of characters to folio a conpound
character, also known as a ligature or conjunct character. 30 The exenpl ary
enbodi nents of this invention provide a sinple and intuitive way of formng
and editing conjunct characters without the use of any special characters.
6 Before describing in detail the exenplary enbodi nents of this invention,

it may be usef to sugﬁprLz .the various problens that can arise when
J

creating |igat uP&8E FEEHURCES)E™S For exanple, users may not have know edge

of the need to use a special character (for exanple, the Halant in sonic of

the Indian | angiages sUch. @g.+4i ndi and Bengali) to create the ligature.
Further, sone uséers nay consider the ligature as a single character.

Further, somé users may not be able to locate the Halant easily on a device
keypad. 10Furthggyre tholesa m&@ggrﬁrﬂaﬂus&bﬁ?ﬁ&{eﬁﬂhdt@@uiﬁfﬁefoh@qﬂ}eh@ﬂlngﬁze usi ng
conventional input nodalities pay.involve the user having to make a nunber
of key presses. SFPPigpempogiset S 3 PHEfe of a ligature formed by two

characters, and if one wishes to replace the |ast character of the ligature

with another, this equire at .| east three.k prLesses. anmple: In
Hindi 7 + & g- 5P Bhd i LRAL 5 8“3 Oadé'eﬂé\n‘ﬁ% i %%thth%ﬁéc aaré}? .erg, hen the
f ol | owi ng sti@ps cavpyctioh atiethe huch seniiessrlinde kispiace c@bodyiaaf e §us invention.

Figures 4A-4C, coliectively referred to as Figure 4, show the use of fingers in conjunction

with the touch sensitive display to practice a gesture-based embodiment of this nvention.

15 Figure 5 is a logic flow diagram that llustrates the operation of a method, and aresult of
execution of computer program instructions embodied on & computer readable memory,
for performing conjunct formation in accordance with the exemptary embodiments of this

mvention.

20 Figurs 6 is a logic flow diagram that illustrates the operation of a method, and a result of
execution of computer progratn instructions embodied on a computer readable memory,
for performing conjunct separation further in accordance with the exemplary

embodiments of this invention.
25 DETAILED DESCRIPTION

The exemplary embodiments of this invention provide an intuitive user interface for text
input in any device where the language used for input supports a combisation of

characters to form a compound character, also known as a ligature or conjunct character.

The exemplary embodiments of this invention provide a simple and intuitive way of

forming and editing conjunct characters without the use of any special characters.
6



203. Now insert the needed character after Ei, That is, it may require
three key presses to fou.0Oane ligature froman existing ligature, and at

| east two key presses to delete the last character in order to be able to
create an i ndependent consonant. 25 Sonme currently avail abl e net hods of

| igature creation include the folioCr In one case the user first inputs
Character", then explicitly enters the special character Halant. and then
enters Character2. As was di scussed above, nany users nay not be 7 aware
t hat conjuncts % laputtin Cl.A % I r, in sone
cases the phy5|§§reeﬁﬁg§§§%%% il %@%ﬁ%} (ﬁ%ﬂ%ggﬁéga Q%S%%ﬁlts f orm
fromthe orlglnabmmmwmamQem&mmnmbmshmamWHvewhapm@héhmﬁé%(%@mmﬁ&ve
difficulty in identifying the orlglnal characters. 5l n anothcr case the
user may be provided with "all' possible ligatures readily avallable on the
devi ce so that FhesagpslerusefoBay 19obvhEPE et %%&%ﬁé‘ﬁﬁ%ﬁpe%\ﬁé‘%fﬁf ¥'n practice

this is not a f%r%bip'ﬁ%Mt%éoﬁi@of%e%%nlaﬁ@m@ddmﬁaﬁﬁﬁmﬂdmﬂgm&aﬁ:hat can be

formed (for exanple for sone of the In n.lan is t retically
very large. 101 m&t?‘@‘ﬁiﬁtsmf“‘(’)usgféfﬂ\?‘émpwg %FB%P“ 0 “gﬂfg EH‘%‘ fiot bei ng
easily discoverQﬁmb%mmh@namdﬁuﬁemmmamshﬂmﬁe@wimnﬁ%h@dmnny be used by making
the special character avail able by a press of sone predeterm ned key, e.g.,

the star (*) key. This may be seen as being essentially the same as
requesting tite tsder, o nend brt dcheagpetialicatiraysize tererbplapingt ivadaStite manner .

As was di scussed, @9‘%@%%{}&%&1@%n@@aﬁ%béomm&kag 1BAL L8k aCLQhMe 0l uti on

since the user e ca l'e of finding the short cut to inputting
t he Hal ant, Oneahwi‘efp@?@dbﬁb’v%@dﬁiﬁ et o EshyF IFPIE e ST BTN y used

ligatures. Wil guhhi $i2RREQAGImAGLRS: k:0ad d6e kabts@xt ent, it is still not
conpl etely satis%actory. 20Many conventional techni ques of handling

| i gatures introduce confusion and require nultiple key strokes while
perform ng oger akdngits such as the conplete deletion of a |igature, creating
anew |ligature by partial nodification of an existing ligature, and parti al
del eti on of a | ibgHindr €5t-é ¥T M an i ndependent consonant or character.

If one wishes to replace W with another character, then the following steps may place:
1. 87 - Press backspace ;
2. Yields % ;

20 3. Now insert the needed character after @ ,

That is, it may requirs three key presses to form a new ligature from an existing ligature,
and at least two key presses to delete the last character in order to be able to create an

independent consonant.
Some currently available methods of ligature creation include the following.

In one case the user first inputs Character!, then explicitly enters the special character

Halant, and then enters Character?. As was discussed sbove, many users may not be

7



25Bef ore descri bingfarther detail the exenplary enbodi nents of this
invention, reference is made to Figure 2 for illustrating a user device or
user equiprment (GE) 10 in both plan view (left) and sectional view (right).
The exenpl ary enbodi nents of this invention may be enbodied in one or some
conbi nati on of function-specific conponents. 30 In Figure 2 the UE 10 has a
graphi cal display interface 20 and a user interface 22 illustrated as a

keypad but Undeﬁ@&&&ﬁ]ccﬁﬁm@ﬂ85&01%&3@5%&1%&%ciilehﬁbmlsﬂﬁrﬁﬁmioﬁﬁE@@h}ﬁgy at the
gr aphi cal drsplay interface i

% %& g %orcg;rgco%nrtr ! t%cpnology
recei ved at a 8p5ﬁW%%@ﬁﬁﬂﬁE’ qres mﬁﬁ TeEErae o 280 %%F?‘r%”%ﬁé devi ce
bei ng turned onimasg aefaf hthd e cantere diffidy exdénpilvar vhe UkgidDchamytedhave a canera
28 which is shown as being forward facing (e.g., for video calls) but may
alternatively or additionally be rearward facing (e.g., for capturing

i mages and visded shaher baocthd vsstney bgpe)vided igh ‘el psridle BBtufes reeBieredtlicd by a 5

shutter actuatog,.30.and, OBt {LNAkdY: nBY: 18- ZQUBAGEMALAR pradic¥Wis GRodrRY
alternatively function as a vol une adjustnment for the s eaker(s) 34 when

the canera 28 |?aﬂémeﬁméﬁm%%?mw@ﬂﬁﬁﬁgmmmﬂﬁﬁﬁwmﬁﬁﬁﬁggﬁF@@H%P”§F€w of Figure

2 are seen nul t LphendikansMdts ecakienantyaapas 36 that 10 are typically used
for cellular comrunication. The antennas 36 nmay be nmulti-band for use with

other radios in the UE. The operable ground plane for the antennas 36 is
shown by Shadingna$m&@ﬁmmMﬁghéﬁsﬂ@m&mmﬂm3®a@@w€@@hﬁséﬁﬂhyﬁbhéﬂ@E housi ng

though in some ergr)gqmg%&]rmcmoymﬁy%r g&‘%npala% ar%& racvﬁéllﬁge%&p?esqsml | er

area, such as di'$p6&ed“6A°4 WArrn e power chip 38
is fornmed. The pbmempmhﬂpnﬁﬁﬂwnﬁer@¢§w19hebﬁeﬁm&ﬁwﬁ&ﬂwﬁﬁﬁﬁeﬁmmﬂhthe

channel s bei ng tte%mrg grrr%erm%r&r%epécﬂmﬁr&eeﬁaﬁms&arm&r@fn&smt
si mul t aneousl y ere spatial diversity is used, and anplifies the received

signals. The powerdighisgs e8gechitprmst b hiseRnisRiioado MirsaTsrdly sF BRAP t o t he

radi o- f requency ut BE1CHnR:AQMLCA: derpodid @t Bg.and downconverts the signal
for baseband processing. The baseband (BB) chip 42 detects the signal which

is then converted to a bit-streamand 20finally decoded. Simlar processing
occurs in reversﬁﬁh@pﬁ&igﬂa&sm@em@naﬁm&rmntmhmuagmamamumeWﬂﬁndﬁiransnitted

fromit. Signals to an fromthe ca Rass.through an image/ vi deo
processor 44 \/\/r1|8IF1r°enc(ij &5" A eg%ogg g%ﬁEC% ?dﬂ% T'mage franes. A separate

audi o processor 46 may al so 25 be present controlling signals to and from

the speakers, g §I’R%Zi%&? FORRANRE,: 2aink hgfaig{eéﬂit}bcﬁi@fl cotfuSRl @M r&c{ﬂfr@ rface 20
is refreshed” ronr rame menory 48 as controlled by a user rface chip

50 which nmay proeséns ki grrkPsviils Pafermpe Orpaiaes Sarnsﬁﬁrworﬂrreeflrl%eﬂ ® and/ or
addi tionally progess, Hs@l«bfPithsrchi piid herikeypat22saptael-senheie.

deletion of a ligature to form an independent consonant or character.

25 Before describing in further detail the exemplary embodiments of this invention,
reference 1s made to Figure 2 for illustrating a user device or user equipment (UE) 1 in
both plan view (left) and sectional view (right). The exemplary embodiments of this

invention may be embodied in one or some combination of function-specific components.

30 In Figure 2 the UE 10 has 2 graphical display interface 20 and 2 user interface 22
illustrated as a kevpad but understood as also encompassing touch-screen technology at
the graphical display interface 20 as well as voice-recognifion technology received ata

g



30 Certain enbodinments of the UE 10 may al so i nclude one or nore secondary
radi os such as a wireless |ocal area network radio WLAN 37 and a

Bl uetooth(r) radio 39, which may incorporate an antenna on-chip or be
coupled to an off-chip antenna. Throughout the 9 apparatus are various
menories such as random access nenory RAM 43, read only nmenory ROM 45, and
in sonme enbodi nents there may be renovabl e nenory such as the illustrated
menory card 47 miaphicatiss. W@@Er&ﬂiﬁatﬁ&&cc&hﬁlﬁaddév&emtﬁhednmm&ioﬁfbvﬁ)hese

menori es. of these co n the UE .10 jare gpowver ed by
a portabl e 5pov\}r§‘?r h@%fﬁeﬁm 1% mavwﬁvﬁtdtcg?m % Tha “5FB gé’s)eégg&%?ocessors 38,
40, 42, 44, 46, =266g(e gfmanmmlle)dbua@yslazpamat}@r e;ddttmaii'e@ rdarvagl (Bg @, may
operate in a sl Qc, whi ch may
then be in a na%%[@arp{ Ha %‘f}%&%?g l&gle rrbohdl %%tpgg %?&{uﬁil%%?ﬁventl on are
rel evant at Easﬁhumﬂ‘ftmmf Wﬂ%ﬁ@?ﬁ@h@éﬁ?%ﬁl@fﬁéﬁ@ﬂ?%ﬂ]t‘ﬁﬁfé‘ﬁ‘(ﬁ’gfé‘im?‘)ﬁput and
user output di splaynfdnghisaaakd iy sfhkdhies Weed Be eaodisadnd: i fohesdouch
sensitive display interface 20 and the UUdi splay chip 50.1n certain

enbodi nent s t he™&%enpl ary enbodi nents may di sposed across various chips and
menoties or disposed W thin another processor t hat conbi nes sonme of the
functions descr bed .above for of .t hese wvari.ous
processors of Fl ’r“éheﬁec Vé“w”ig onean(;’)srmnq"Yhep%?zm?nﬁLtm(\:/ﬁ(i;lvr‘fs ?%Bungasﬁgaﬁ%ri es, which
may be on-chitp wityhiciihesep foctsisgormonmigepaiiaegenpiséf afyomult-ba]draset hat t he
various chips (%ftgothmga%tm %%e ﬂf"fhéogﬁ:ragg &o%&%ﬁ%fa%gﬁtegﬁ?%;é Rg\gﬂ@bove nmay be
conbined into a fewer escrib in a nost conpact case,

may all be 20entodingds W@rgébﬁr pryiranipds cRciesed P g & o bfiugng NSt # g% her t hat

while Figure 2 %Q%&@%ae%ué&rﬁsmlaawarmtea\rora%@z&sm@@mw@d@e@&ﬁc@(rha
capabilities, the exenp nbodi ments of this inventio pg@g e practiced

in a device havrpﬁﬁedr%r%br“@%%%@ G GRRRART Y 7 OR TR a b YT E mfong a device
having only W r 8wz ampGIALE At blﬁﬂlﬁ&&)ﬂﬁ@kﬂrﬂhiﬁ&ﬁﬁnﬁ/@r @ross &d @eams eékect ri cal or
optical cable or other

this invention ﬁﬁ?‘nﬁesmbw%?‘?sg)‘gmfc Sp%“ de\‘}[&irsc1 ( 1% Ee exgrgglpl;ir% ﬁhgb "ggﬂdﬁfg St gI(t
entry for what euizhal Uhi@se:chip 38 outputs the amplified received signal to the radio-frequency
(RF) chip 40 which demodulates and downconverts the signal for baseband processing.
The baseband (BB) chip 42 detects the signal which is then converted to a bit-stream and
20 finally decoded. Similar processing occurs in reverse for signals generated in the

apparatus 10 and transmiteec from it

Signals to and from the camera 28 may pass through an image/video processor 44 which
encodes and decodes the various image frames. A separate andic processor 46 may also
25 be present controlling signals to and from the speakers 34 and the microphone 24. The
graphical display interface 20 is refreshed from a frame memory 48 as controlled by 2
user interface chip 50 which may process signals to and from the display interface 20

and/or additionally process user inputs from the keypad 22 and elsewhere.

30 Certain embodiments of the UB 10 may also include one or more secondary radios such
as a wireless local area network radio WLAN 37 and a Bluetooth® radio 39, which may
incorporate an antenna on-chip or be coupled to an off-chip antenna. Throughout the

9



As was discussed previously, in the previous approaches to formng the
conjunct 30character the user is expected to input the Natant explicitly or
inplicitly between the two characters to create the conjunct. The

exenpl ary enbodi nents of this invention provide techniques that nmake it
possible to create a ligature by drag-dropping one character on top of the
other, or by using gestures on a touch sensitive surface of a device,

t her eby elim naEﬂp@xgtué Q@vé}f%@gm;&fne@ ﬁ@n H;Sﬁldgxfn ahe dddlant avAS, BQnmlyi m ting
exanples, it is possible to use either a finger or a stylus, or any

5simlar object mengy RPN s 1 PFaFTHOEMAH BTG FEHEA R SR BERIT S & of t he
i nvention provi de iasteehigbeat @7 f 9eiut fesrhigad 40:€] i0bncdBjottne theghar act er

usi ng gestures, a techni 0 arate the

characters froanPw&Sd%Hﬁﬁﬁ%f“ﬁ’ S%ﬁgg%hﬁéggmiﬁmﬁﬁ#gwmng%””mg%ow made to
Fi gures 3A- 38, oold eptly wehy atefter4ed to as Figure 3, that show the use of a
stylus 20A in conjunction with the touch sensitive display 20 to practice
an enbodi nent of this invention. 15In Figure 3A the user enters a first
charact er (Charéh%@Wﬁﬁﬁyﬂm®ﬁﬁﬁgd@‘@y¢b@i%@ﬁﬁm@ﬁ§@?ﬁ%@”@mmwmﬁﬁaﬁﬁgure 3B the

user enters a SQ@%QO}EB&%&@@&Q&%Ere(a@h@iﬁﬁﬁtﬂ@ﬁ%}n:pm%w1@@ 10y, vigh ey hdre styl us
20A. Note that character entry part of a handwiting recognltlon

function executéﬂm5§m§6fﬁﬁ@mﬁﬁﬁﬂéﬁﬂ1%ﬂmﬂ@Fﬁ%ﬁﬁﬂqFﬁ@“%%%ﬁﬂ?ﬁWﬁ '@fbodi ment s
of this inventi ennaie 1@%3@@&6&1&@&!’1@@ gl segame disflaifowiGhay afateer |  and

Char ac_t er2 are Ejg'tlg%g%&?gg@} %ﬁgﬁnsgve c(&isp?% mu:r%wegg Aﬂ%r%he%ﬂ%dplzgl CLleg{E lny by the

user via a keyp icerecognition or by any
sui t abl e neans, Lﬁmmkmﬁmmqmm@eemmmhq&nth@n@hﬂ%&@&@&sMmemuamdUmwuhlcatlon

channel . 2511 Lol 3EaiDEUSRh Db ghllole dPLASHS. LAEYSHORhaihAr act er 2,

such as by tracing aroun arac er tip of the stylus 20A. In
Figure 3D the uﬁexmﬁﬁabse@h@%h$§h%wgh@§ﬁm@hdma@¥ﬁﬁ%$§@°§$%¥€3%m%ﬁ | east

partially overligs,Chat EhEkdiold Seritlicd, €8SE nPakE bakky witipehicbResed upon
Characterl), and then drops it such as by lifting the tip of the stylus 20A

or by providi ng SERREMSTER drop signal . Figure 3E shows the result of the
oper ati ons

Note that the various chips (e.g., 38, 40, 42, 50, ete.) that were described above may be
combined inte a fewer number than described and, in & most compact case, may all be

20 embodied physically within a single chip.

Note further that while Figure 2 shows the UE 10 as having wireless communication
capabilities, the exemplary embodiments of this invention may be practiced in a device
having no wireless commmunication capabilities, or in a device having only wired
25  communication capabilities (e.g., via an electrical or optical cable or other wiring). In
general, the exemplary embodiments of this invention may be practiced in a devige that

simply enables uger text entry for whatever purpose.

As was discussed previously, in the previous approaches to forming the conjunct
30 character the user is expected to input the Halant explicitly or implicitly berween the twa

characters fo create the conjunct.

0



30 depicted in Figures 3A-3D, i.e., the created conjunct character. Notice
that the conjunct character was created by the user without requiring the
user to locate and/or input the Haiant character. It should be noted that
t he sequence or order of input of characters on the user interface should
be considered, in particular, the order of the constituent characters as
they were witten on the interface before either of them were noved

(dragged/ or pi nehe@mpsy hoRESRCERA B H6eRtdNEtd e GoBjilREable Ghar act er .
G ammatically, for exa

nple, A+B = X whil e B+A=Z, such, .Case 1: if

grammati cal |y cH&2eaR By ‘z@“@"pé’iﬁ‘ﬁﬁf\r,%@aﬂﬁc?f D’T@ééf@é%% AT Eegr At i cal |y
char 2 + char 1la& conjuactivesmridhen dvncecchseyviidhappitrgtdriaggiuvagfdhaar 2 on
char 1 (i.e., "drag left!). will create cgnjunct..X. - i re having
started the gesgﬁ?g*%ﬁmﬁ%éﬁﬁyﬁmwg%dp%'ﬁﬁgfﬁgﬁ%?ﬁg?jggg%ﬁgg%’ggélters was
Char 1 precedi ngmOhabj=@ toncaddigadiespl ay 20, that ordering defines the rule
of conjunct creation. 15 Simlarly in case 2 draggi ng/dropping char 2 on
char 1 will create conjunct Y and not conjunct X, even though in both case
1 and 2 the chafhexfmplisetbgdisepBeogHtietayvide s teehnique jodor@ e HBINFe ot he or der

of the constitueptmGharast ehsy pelel as Wbie 08 stiiR: kegbhs: deteiwdunes 20t he
identity of the resultant conjunct. Figures 3F, 30 and 3H illustrate a

further aspect GF#HE SBRIGIHHERS ST 's i nvention which pertain to
separation oft a conjunct character. In Figure 3F the user highlights all or

at | east apart qf .a conjunct character. r. simligi : e character
created in Figu%@kﬁgmg Wn?%”%ﬁaﬁ?gA§%§%ﬁ%nﬁ%%ggg%%?%%?w%ﬁéhgggaof t he
stylus 20A to dtegsafayyltiPeAkn ghitacgint eith (popich emsiofe ddrey Eonpariet anichar act er .
Figure 31-1 Sho%ﬁb&ﬂ&mﬁﬂ@ﬁ&ﬁé&hﬁz i.e., the conjunct character is separated
into its constituent characters (for exanple, Character' and Character2 as
in Figures 3A and 3B, respectively). 30Fi gures 4A-4C, collectively referred

to as Figurep, @h@t\% E 0@ WS ofdhs £ 10085 S 1e2 0BradBE, bddh as by using the stylus

20A. In Figure 3B the user enters a second character (Character2), such as by using the

stytus 20A.

Note that character entry may be part of a handwriting recognition function executed by
20 the device 10, although the exemplary embodiments of this invention are not constrained
with regard to how Character] and Character? are entered. For example, they may be
entered directly by the user via a keypad or keyboard, or by a voice recogniticn system, or

by any suitable means. including receipt of the characters from a communication channel.

25  InFigure 3C the user highlights {places focus on) Character2, such as by tracing around
Character? with the tip of the stylus 20A. In Figare 3D the user drags the highlighted
Character? so that it at least partially overlies Characterl (s at least partially
superimposed upon Characterl), and then drops it such as by lifting the tip of the stylus
20A or by providing an explicit drop signal. Figure 35 shows the result of the operations

30 depicted in Figures 3A-3D, L.e., the created conjunct character. Notice that the conjunct
character was created by the user without requiring the user to locate and/or input the

Ialant character.
11



conjunction with the touch sensitive display 20 to practice a gesture-based
enbodi nent of this invention. 12 Figure 4A assunes the presence on the

di splay 20 of two characters, Character 1 and Character2. The user touches
the surface of the touch sensitive display 20 over Character' and
Character2 with the tips of two fingers 20B, 20C, and then draws the two 5
finger tips together (pinches in the two characters) as depicted by the
arrows A Figure 48 shoms the result, i.e., the creation of the conjunct
character from al ﬁ enowd th%{]Lg s@%ﬁc%%:t e{ie%ofu'f ugﬁlrcgarég s%ﬁ%llémﬁn{el?&e presence on
the display 20 F’e conj unc ¢haract e he orie created from
Character| and ﬁhadammmm@mﬂnnEmgmhe§w4ﬂﬁ&ﬁdﬁ4@ﬂmmﬁ@d@@%ws@@Hﬁﬁ@é t he
surface of the fouch, ﬁlgnzﬁérgal:e\/@foqé SRLAY 1l v@%%ov%@@ra%&moyﬂﬁéhe@ hagacter wi th
the 10 tips of the two fingers 2013, 20C, and then pulls the twy finger
tips apart a$ d@ﬁ@%ﬁ@MmBV“P%§w&WW€W§mBmmFﬁ§ﬁW@mﬁéwsEbﬁ§m¥ﬁé*?%s%lt i.e.,
the separation @fitda-gonjunct character into the two constituent
characters. Character' and Character2. It should be appreciated that the
use of these exenplary enbodi nents of the invention 15 renoves the need for
explicit use of sassigeci al character (e.g., the Halant) to formthe conjunct
character, and fur%hgrnnr cﬁ{cmggfﬁmfzs ngmgyand intuitive nethod for the
user to create FRS CORFTIREF" CRAT acte reby increasing the usage of

conj unct chatactess: whbgmamﬁ&mmyqymkﬁamﬁ1Fupmh3¥mnre t he separation of the
participating C%%%%ats?{% Y}{‘?Jaldg g 1&'2'3190119{1{ égﬁta%'l&@)mtﬁﬁdogﬂncdis greatly
facilitated, there Uci ng the nunber  of s and over al

20conpl exi ty. R@E@ﬁéﬁ&@*ﬁ%m¥%WW%@ﬁ§§F%ﬁﬁF§@WémBM$%ﬂmgﬁﬁﬁﬁﬁﬁmﬁﬁmﬁoglc fl ow
di agram f or m ong,paas Ipétgdlm |0'ﬂﬁt@thsg£y 28! @R bat: R Betheyndrapbesprtd ng the
conjunct character creation showmn in Figure 3. Note that the nanes of the
al gorithns used “F#°Fi gure 5 (and al so Figure 6 25 described bel ow) are
provided only to facilitate an understanding of the invention, as the

sel ected nanes pravi.de en nced | ari t ur e and
functionality of"PRe" QP@%? PR RLPEE S 23 ﬁ%h%ér fﬁlc(r:e&ecgm% ‘g‘o?@?‘ 'm nanes
used in F|guresc&gmmﬁkﬁwaMQumnnbmm@@mhgd ﬂGCbe2hmmn$&n@ﬁ¢wﬂaﬁy'respect as
to how the exenpl ary enbodi nents of this invention are inplenmented in any

particular instantiation thereof. 30 Bl ock 5A
In summary, the order of the constituent characters before the gesture begins determines

20 the identity of the resultant conjunct.

Figures 3F, 3G and 3H illustrate a further aspect of the embodiments of this Invention
which pertain to separation of a conjunct character. In Figure 3F the user highlightsali or
at least a part of 2 conjunct character (for simplicity. the same character created in Figure
25 3E). In Figure 3G the user employs the tip of the stylus 20A to drag away the highlighted
portion of the conjunct character. Figure 3H shows the end result, i.e., the conjunct
character is separated into its constituent characters (for example, Characterl and

Character? as in Figures 34 and 3B, respectively).

30 Figures 4A-4C, collectively referred fo as Figure 4, show the use of fingers 208, 20C in
conjunction with the fouch sensitive display 20 o practice a gesture-based embodiment

of this invention.

12



OnCdickChar 13 This algorithmis called when the system determ nes there
is a touch event on a particular character on the display screen 20. Bl ock
5B: 5l sTouchEventValid This algorithmdetermnes if the relative position
of two characters have been reduced. Valid Events can be, for exanple,

Pi nch, Drag. If the Event Type is detennined to he invalid, control passes
to Block SC and the invalid 10 event is handled in an appropriate manner.

| f the EventType is determned to be valid, control passes to Bl ock SD.

Bl ock 5D: Char Char 15Thi or th C en th m,det enni nes
that a characte u%4%§5%eq% é%ef’ma %%%ddm %aygﬂr?o ﬁ‘éﬂrCh%rcéc}rsél MXC%&I Sck 5E:
| sOver LapAr eaOkCize@aThriZs Tad ger Mzti’m g satfme of dbel eacbwivesttive r@@pisy% emrdet er m nes

a character 9%473 %E@ﬁ&h%%ﬁﬁth@&s@ﬂ% RS- CRRLAC LET men NG APGKAL €S Wi th a

function (Bl ock be referred to as OptinmunOver LapAr eaDeft n.
This functi of cﬁ!&’aﬂé’%m&t@é@nﬁkﬁ’FléﬁT%h%f@‘i%WdFﬁj‘éﬁbbﬂ%ﬂ”&’bﬁ*&%&@s needed

for the system Ei@w@%%k@ﬁriethﬁe&&@&@&tﬁé c&méhma@@ﬁmoahﬁmfu glent for
conj unct fornation. Based on the determni nation rra e at Block SE there is 25

either a sufficlefteBvERrat BTESs Bf BEEHE P ffEy & féhel‘ii‘ﬂ‘“nml A36t, control
passes t o Bl ock suSthstie: ohedresfed iR Chiarboter T @ Chddclet Mg Fikttactsl s0d4B. [The w@ersuf f i ci ent

glm(;g Et S(F); overl ?Bches 1ea su: fz%ce I) uer}(gudtl sg,nshl)neve QISIS eJIa over ‘&189&1;{&8{!% cﬂapagtte evx%‘% tf@as ses to

10 tips of the two fingers 208, 20C, and then pulls the twe finger tips apart as depicted by
the arrows B, Figure 4C shows the resalt, Le., the separation of the conjunct character

into the two constituent characters, Characterl and Character2.

1t should be appreciated that the use of these exemplary embodiments of the invention
15  removes the need for explicit use of & special character (e.g., the Halant) to form the
conjunct character, and furthermore provides a simple and intuitive method for the user to
create the conjunct character, thereby increasing the usage of conjunct characters when
entering text. Furthesmore, the separation of the participating characters, while editing or
ligature formation, 1s greatly facilitated, thereby reducing the number of clicks and overall

20 complexity.

Reference is now made o Figure 5 for showing in logic flow diagram form one possible
embodiment of algorithms for implementing the conjunct character ereation shown in
Figure 3. Note that the names of the aigorithms used in Figure 5 (and also Figore 6
25  described below) are provided only to facilitate an understanding of the invention, as the
selected names provide enhanced clarity as to the overall purpose and functionality of the
algorithm. As such, the particniar algorithm names used in Figures 5 and 6 are not
intended to be limiting in any tespect as to how the exemplary embodiments of this
invention are implemented in any particular instantiation thereofl
30
Block SA:
OnCliekChar



Bl ock 5H: 30 I sltOkTof or nConj unct This function exam nes the linguistic

rul es of the |anguage, assuned to be stored in a nenory of the device 10,
to determine if it is feasible to forma conjunct character from 14 the
characters supplied and that are considered to he overl apped (superi nposed)
on the display screen 20). If the determination is negative, i.e., the two
characters are not appropriate for fanning a conjunct character according
to the |ingui stigsddlias iobiidib@ed mnguagieohindsmiteel@stuch tviem gentrol passes to
Bl ock 5G to retq{n baaéltolghe calling 5 function. If the determnation is
positive, i.e., ERECREERAPASEES are appropriate for forming a conjunct
character according to the linguistic rules of the |anguage of interest,
then control pagggssd.nstead to Block 51, 10Block 51: This step forns the
conjunct character and presents it on the display 20, as depicted in

Fi gures 3E anid BBouckhgmiiaid the two superinposed characters are repl aced

Wi th an image ofmyt Ne @8sdcfRenG oMl UnGlve g&ﬁfoﬁﬁf @6 chaWleG RaviBYentdhi@nRdal so be
stored in an |n§yt text buffer of the UE 10. Reference is now nmade to

Figure 6 for sho®Sgerheap Byfe “Pre\W If#Bdf%m f or m one possi bl e enbodi ment of
al gorithns for inplenmenting the conjunct character separation shown in

Figure 4. 20 Bl ock 6A. OnCickConjunet Char This al gorithm,is. | ed when
t he systen1dete%ﬁ%ﬁggﬁﬁﬁé?d?ﬁgggﬂ%ge%w%@ﬁgﬁméwgﬁ%n%ﬁmggg%ﬁkﬁﬁ%?hcharacter.
25 Bl ock 6B:16i sTeuchkwdat Vab igrofiasmahgof vt Brntepes Aduramned P be bdidr el at i ve

position, of tmgmggﬁﬁg&&gEanﬁye i ncreased. Valid

Block 5B
CharOnChar
15 This algorithm is calied when the system determines that a character is being

superitnposed on another character.

Block 5E:
IsOverbapAreaOk
20  This algorithm is also called when the system determines a character is being
superimposed on another cheracter, and operates with a function (Block 5F) that may be
referred to as OptimumOverLapAreaDefin. This function creates a definition as to how
much overiap area is needed for the system to consider the character superimposition
sufficient for conjunct formation. Based on the determination made at Block 5E there is
25 either a sufficient overlap area present or there is not. If not, control passes to Block 5G
to return back to the calling fimetion. If a sufficient amount of overlap area is found to be

present, control instead passes to Block SH.

Biock 5H:
3 IsTeOkToFormConjunct
This function examinss the linguistic rates of the language, assumed to be stored ina

memory of the device 10, to determine if' it is feasible to form a conhunct character from

i4



Events (for exanple) may be Pinch, Drag, while Invalid Events may be, for
exanple, Tap. If the EventType is determned to be invalid the invalid
event is handled in an 30appropriate manner. |If the Event Type is determ ned
to be valid, control passes to Block 6C. 15 Block 6C

Det er m neConj unet Type Visually there are multiple possibilities when the
conj unct conbines with Matras and Modifiers. The purpose of this algorithm
is to cat egﬁri Z@ileHﬂaaﬁterkﬁx@ﬁie@taﬁ.@ﬁjmm&hidﬁsd pheseppanigpiimpbet ubhhet he
category. This orith crates with .a Copjunct Type function at Bl ock 6D.
Exanpl es of con???ﬂagtsc%%ﬁnaéoggffhgget §/na§??cif ﬂ%%?éeals‘e" %%g‘lai cgrh“r?c?eﬁsgme?grrpl es:
Casel : Conj unct approGhiag for fGhap a conjurGage@cter Gowjdingat the liviatisig réles@ide + Char 10

Case3: Conjunct = E + nic ' = ar .Char + Matra
Modi fier Case5: 1%1%%%&?&%2%?53 +Eh%?g§%§%ﬁgz? %QAN% [ f%)aér gé%s_ga 6~ Conpl ex
Conj unct = Char fssct@prf tha determimiifo s positiye 1€o HjPitic EhaTyipe R aBr e Worrect | y

categorized, cophR}a RARSEShataOorBLRRHKn @ he 1BLQGK rf&of the language of interest,
Det er m neChar For Separ ati on
then control passes instead to Biock 5L

10 Block 5L
This step forms the conjunct character and presents it on the display 20, as depicted in
Figures 3F and 4B. That is, the two superimposed characters are replaced with an image

of the desired coniunct character, wiich may then aiso be stored in an input text buffer of
the UE 10,

Reference is now made to Figure 6 for showing in logic flow diagram form one possible
embodiment of algorifiuns for implementing the coniunct character separation shown in

Figure 4.

20 Block A
OnCheckConjonctChar
This algorithm is cafled when the system determines that there is a touch event on a

conjunct character.

25  Block 6B
IsTouchEventValid
This algorithm determines if the relative position of two characters have increased, Vaiid
Events (for example) may be Pinch, Drag, while Invalid Events may be, for example,
Tap. If the EventType is determined to be invalid the invalid event is handled in an

30 appropriaie manner. If the EventType is determined to be valid, control passes to Block
6C.

15



Dependi ng on the category of the conjunct this algorithmdivides the
characters into 20 separable character clusters. This algorithm operates
with a Separable Character Custers function shown in Block 6F. Exanpl es of
separabl e character clusters may include, as non-limting exanples: Casel:
Char and Char 25 Case2: Matra + Char and Char Case3: Char and Char + Matra
Case4: Char and Char + Matra + Moddifier Case5: Matra +Char and Char +

Modi fi er Case 6rlo&iogtpl ex Conjunct = Char + Conjunct. 30 Having

det er m nedappr o%gi at,eclsggﬁlgr bl e character cluster, control passes to Bl ock
e

6G 16 Bl ock 6&“S&¥a ifunct Char s This al gorithm physically

separ at es t he cHaraigthersrepatipicgiopitiitagvlien tiereriowhjonhets Widrvies 4. 5Cont r ol
then passes to Bl agk. 6kl P LQGK:E gi%o-rithm is to categorize what kind of Conjunct is present

5 and to refurn the category. This algorithm operates with a ConjunciType function at

Block 6D, Exampies of coniunct categories may includs, as non-limiting examples:

Casel: Conjunct = Cher + Char
{Case?; Conjunct = Matra + Char + Char
10 Case3: Conjunct = Char + Char + Matra
Case4: Conjunct = Char + Char + Matra + Modifier
Case3: Conjunct = Matra +Char + Char + Modifier

Case 6: Complex Conjunet = Char + Conjunct.
15 After the Conjunct Type has been correctly categorized, control passes to Block 6k,

Block 6E:

DetermineCharFerSeparation

Depending on the category of the conjunct, this algorithm divides the characters into
20 separable character clusters. This algorithm operates with a Separable Character Clusters

function shown in Block 6F. Examples of separable character clusters may include. as

non-limiting examples:

Casel: Char and Char
25 Casel: Matra + Char and Char
Case3d: Char and Char ~ Matra
Case4: Char and Char + Matra + Modifier
Cases: Matra +Char and Char + Modifier

Case 6: Complex Cenjunct = Char + Conjunct.

Having determined an appropriate separable character cluster, control passes to Block
643,
16



This step forns the separated characters and presents them on the display
20, as depicted in Figures 3H and 4C. That is, the inage of the conjunct
character on the display 20 is 10 replaced with inmages of the two
constituent characters, and the representation of the conjunct character in
the text buffer is replaced with representations of the two constituent
characters, Note that having thus separated the conjunct character, one of
the constituent characters 15 (e.g., Character2) may be erased and then
replaced with agptkhﬁgr, character (Character3) which nmay al so be appropriate
for form ng a cOnjunct character with the other, remaining character
(Characterl), aRgatd€onhdiOkrof Figure 5 may be executed to forma new
conj unct charac . , ferl. j.aus bl ocks
Shoun i 1 Fi gur eq e G ek B p AR BB
oper ati ons t Rat Cpsiihen prsei Bpertat i on of conputer program code, and/or as a
plurality of coupled logic circuit elenents constructed to carry out the
associ ated function(s). Further, certain ones of the various steps may be
executed in somE¢a¥8Es in other than the order depi cted, and additi onal
steps may be i nChudedorink thé@sdrdriGhar@berslaid geaes @dn odtheiisylay 100usegxednpl ary
enbodi nents may. i e 1n._hardware or speci al LGlrcuits,
sof t ware, | ogi cmgﬁﬁgug"ggﬁl(%rﬁerﬁ ﬁ%ﬁsg%c ‘thereof ™ 61r°tc§§<r§r%f e@g %%?’rag 2glsspects nmay
be i npl ementidd kepiatrd vdivamazss ofliel tee otrligrenngpacitrs, aphibe berckmpli@métited i n
firmare or sof tygre waLGh Tk be RECULERDY o GORLLALLEy: U Glhopr ocessor
or other 30 conputing device, although the invention is not limted
thereto. Wil e vasitguschgsyects of the exenpl ary enbodiments of this
invention may be illustrated and descri bed as bl ock diagranms, flow charts,
or using sone other pictorial representation, it is wel] understood 17
that these bloc I?’E’f“%%ﬁéff‘%@ﬁé?pag‘?gfhéﬁ‘ﬁ%‘“nfié{é%}eﬁﬁ’é@f%? “PEHEIHESCr i bed
herein may be i ngd. enesies) niaf be @ScdmA khefticplhat wek ampkesyradeartwane3) sof t war e,
firmvare, special.purpose circuits or.login neral .purpese hardware or
control | er or ot“ﬁ@gm%‘ga%ﬁg? aipﬁrﬁpﬁée\/f?ré%rglfng%?on%ngh &Eagtﬁﬁ[%a e:gt?}%r’ Thereof. 5 It
shoul d thus be appceciCatederthat dat métedsf Fyone aapectsulef otitte exenpl ary
embodi ment s of i, LKENE 8RR ARk DE.BEARLLEEd TN various components such
as integrated circurt chips and nodul es, d that the exenpl ary enbodi nent s
of this invention may be realized in an apparatus that is enbodied as an
integrated Chy CUil varidii®IdeilsBEHaL BEur&i sTa6dM duay 1R NieGhd £ Weth8d stdfBYndCRRPT | S€
circuitry (as well as possibly firmmvare) for enbodying at | east one or nore
of a data proceL8BFiopTRYEFY PorEELs e }am"&‘fip&ig‘“taﬁllwgﬁi ?élﬁ’éﬁ agﬁ?‘&@i‘%ggr or
processors, basebamsiigickeduittityendRohstrati o chfequeneycaidieuidsy Fdberpr esent )
that are configurable so.as to erate in accordance wi.th the exenplary
enbod ment s of (CHEE FRVORE B TRVAR S B R Rt i I T RS o
t he foregoi ng erdptial yndesdiods Femtzsy 0f intlhded Hidmiredit | on may becone apparent to
those skilledkin the relevant arts in view of the foregoing description,
when read in conjunction with the acconpanyi ng draw ngs. however, any and
al | nodificati ors ekl e pimjops gxgmplanijempiipnaniianas &p periafenths EHeF Phi ti ng and
exenpl ary enbodi SPRAL SirRfe b-0ES sdrAMENLEOR any@mbination thereof. For example, some

aspects may be implemented in hardware, while other aspects may be implemented in

firmware or software which may be execated by a controller, microprocessor or other

3¢ computing device, aithough the invention is not limited thereto. While various aspects of
the exemplary embodiments of this invention may be illastrated and described as block

diagrams, flow charts, or using some other pictorial representation, it is well understood
17



For exanple, while described primarily in the context of Brahm c | anguages
that utilize the Lialant, these exenplary enbodi nents may be used with

ot her | anguages that provide for the formati on of conjunct characters.
25Further by exanple, while described above in the context of a tactile

i nput display device that is touched by the user with an object held by the
user, such as a stylus, or that is touched by the user's finger or fingers,
t hese exenplarymamhﬁdﬂaknm@mﬁaysﬁ&sﬁthhﬁpmamhh@@ﬂsmﬁm%mﬁmdhspwav system

t hat does not yire a SiC ¢hi.n S apabl e of
detecting the p f?ﬁ%{“mQM%wﬁmgﬁﬁﬁﬁ ﬁé?%ﬁa?gggﬁgéﬂﬁg @k%cglflnger(s)

30 That is, thesemeﬁemyhamww%mmnmﬁhﬂﬂmmgOwwymékSEO%@t@ﬁ%@@%@@“ﬁﬁ"a system
that uses, for gxample . .li@ghisor sound to detect a presence of an object,
and the novenent of the object in three dinmensional space, and may al so be
impl emented With a projection type of 18 display system For the purposes

of describing thksul ﬁl\ﬁ@é}tabﬁ&mﬁahthaﬁiﬂ@eﬁt sBM@e%&c@fof ﬂamuﬁpmpamalmq be
considered as "tactile’ gut me and the act of."touchin di spl ay

shoul d be. under 2 GticT 8 “b‘é?flﬁusﬁ?f%fl?f‘éﬂ sudh st BRERES %%Wa‘g‘v"i““t ual
touching. 5It S&ﬂ&lodul&&mﬂmhﬂﬁkeLdﬁﬁ:&arﬁdﬁEo&z&fmfﬂlEmmﬁtr@béTeémﬁ@lumined " or any

variant t hgret(:a\c/)vfe appipy el Y enoodie cFCtaxll olbedlea 91%@1? h{%%t%%é&%uud& (il OF

i ndirect, nore e conpass the presence of
one or nnreIWntenn@dma@@n@meﬁeM@$%b@$@bémﬂwm@ﬂéﬁ@ﬁ@ﬂ@%ﬁkﬁbﬁeﬁﬂ@m'connected"

or "coupl ed" tog&tda meeﬂaﬁor ngégée&gm%rmgﬁg@ﬂsgBae&@sgpﬁgme%@mt higbgleement s can
be physi cal, Ioglca a co nation thereof. As | oyed herein two

el enents may 10C%@”@éﬁ%ﬁ%@%ﬁ@mﬁﬁﬂﬁ@nwéﬁﬁﬁ@%?@ﬁmC@?@m@$ﬁbﬁﬁﬁmmﬁﬁﬁether by
the use of one QioREEWM HESempabhesdandt ormipHhated el ectrical connections,
as well as by the use of electronmagnetic energy, such as el ectromagnetic
energy having wavel engths in the radi o frequency region, the m crowave

regi on and tise ophdeabdifidodd Maﬁipb]umsaﬂﬁk ﬁjn&gdi@ul@cllm)aryﬁgiwdjmr;ntas“ﬂ@ever al

non-lim ting anqnvnn on 1en)z(1§b gﬁ%%lgl%: %’,}%ﬂ%}?&?\ﬁ%@g@ dskﬂi%? mFtF{r Eeﬁ]e%;gn:t:% Vo f the

features of the various non- exe I ments of this
i nvention may béxu&ed<$@nmdmaﬁﬁag®ﬂwm?@mmﬁﬂmh@mdhwWQ@E@Wﬂwn@mﬂ§§ of ot her

features As suchy,.fLhe ﬂ}%@ﬂ%o@ﬂicgﬁwﬁ’! Qﬁi%&?i%éh%'q&p@&&ﬁ%ﬁﬂndﬂa% as nerely
illustrative of the principles, teachings and exenplary enbodinments of this

i nvention, and Zoweler epbpdimeis feineEeof . 19 CLAIMS What is clained is:
20

For example, while described primarily in the context of Brahmic languages that utilize
the Halant, these exemplary embodiments may be used with other languages that provide

for the formation of conjunct characters.

25  Further by example, while described above in the context of a tactile input display device
that is touched by the user with an object held by the user, such as a stylus, or that is
touched by the user's finger or fingers, these exemplary embodiments may zlso be
practiced with a display system that does not require 2 physical touching, such as one that
is capable of detecting the proximity in three dimensional space of the object/finger(s).

30 That is, these exemplary embodiments may also be embodied in a system that uses, for
exampie, fight or sound to detect a presence of an object, and the movement of the object

in three dimensional space, and may also be implemented with a projection type of
18



. A nethod, conprising: 5 receiving a first character; receiving second
character; 10 in response to receiving an indication of a drag and drop
operation perfornmed on a touch responsive display, superinposing the first
character and the second character; and if the first character andsecond
character are suitable .for formng a conjunct character, replacing
the first character and the second character with the conjunct 15character.
2. The met hod ofisgdyaysmnd Fovhenepcsd ef sds@ipingfthis eypdnded digsublstyperf opered w t hout

requiring receipt of third peci al. R ™ =) P as in
either claiml g?“%F%ﬁr%%f“%ﬁﬁ%%@ggggé?%ﬁﬁgggg%ﬁ%@zﬁ%ﬁ? gﬁ%gﬁ?%%gggeration i's
in response to swddbf understobjtetonmalsdotb phigicy swebingrad virgal togthétied to the touch
responsi ve displ ay. 4. The method as in either claim1 or claim?2, where
recei pt of the drag and drop 25operation is in response to at |east one
finger of a dsef shoRidpepoed fraubriens foPeRE: { GeRd T BEPSHEPVE G 8FPEY. 5. The
net hod of cl ai MudhnecWbek i@, cfther StecaPEldiReCRAtteLRALAGIHEEHEMAL GnEHPer | Nposed

in response to the use psgnultaneouslﬁ to%ggkg%rtgg fi&gtdgnd second
characters withIPPEES B S658 CUE= T RFEP LIS, S i i g™t he fi r st and
second fi ngerti ps doagetdier chupied! ypehehilingogsg wrenec@ between the clements
can be physical, logical, or a combination thereof. As employed herein two elements may
10 be considered to be "connected” or "coupled” together by the use of ane or more wires,
cables and/or printed etectrical connections, as well as by the use of electromagnetic
energy, such as electromagnetic energy having wavelengths in the radio frequency region,
the microwave region and the optical {both visible and invisibie) region, as several non-
limiting and non-exhaustive examples.
15
Furthermors, some of the featmes of the various non-limiting and exemplary
embodiments of this invention may be used to advantage without the corresponding use
of other features. As such, the foregoing description should be considered as mersly
lustrative of the principles, teachings and exemplary embodiments of this invention, and

20 notin hmitation thereof,

,.,..
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6. The nmethod as in any one of the previous clains, further co prisng in
response receiving the user touching a displayed conjunct character and
perform ng a drag operation on the touch responsive display, replacing the
di spl ayed conjunct character 5with two constituent characters. 7. A
conput er -readabl e menory nedi um that stores conputer programinstructions
t hat when executed result in perform ng operadons that conprise: | 0Oin
response to tacti4éiSuser input, executing an operation on a touch
responsi ve di spkayis@nasi;io at | east partially superinpose a first
di spl ayed character and a second di spl ayed character: consulting a set
of linguistic rules to determne if the superinposed first and second
15characters are sapEERpomateecandi date characters for form ng a conjunct
character, and if they are, replacing the displayed first and second
characters w'th a di spl ayed conjunct character without requiring user entry
of a third, spestalingcifanaetees; 20 8. The conputer-readabl e nenory nedi um as
inclaim7, where the tactile user input is provided by an object held by
the user or by at |east one of the user's fingers. 9. The conputer-readable
menory nedi um asciimngd sajond Gharagiter e the tactile user input is provided by
the user sinultaneously touching the first and second di splayed characters
25with first and second fingertips, apnd drawi ng the first and second
fingertips t§getHEPomsnio ECRT MR M ALHE 18 AP oPaioTRETCEBITSRE 8<% eadabl e
menory medi  COMphosiiNgispRy, ORehidtdsianthofiist A% adtd aitye BEvd Qhratieanpr evi ous
clains, firthe 1in response to the user touching a displayed conjunct
character and perform ng drag

if the first character and the second character are suitable .for forming a conjunct

character, replacing the first character and the second character with the conjunct

15 character.

2. The method of claim 1, where the step of replacing is performed without requiring

receipt of a third, special character,

20 3. The method as in either claim 1 or claim 2, where receipt of the drag and drop
operation is in response to use of an object held by a user that is touched to the touch

responsive display.

4. The method as in either claim 1 or claim 2, where receipt of the drag and drop
25  operaticn is in response to at least one finger of & user that is touched to the touch

responsive display,

5. The method of claim 4, where the first and second characters ave superimposed in
response to the user simultaneously touching the first and second characters with first and
30 second fingertips, and drawing the first and second fingertips together in a pinching

gesture.

20



operation on the touch responsive display, replacing the displayed conjunct
character with 21 two constituent characters. 11. The conputer-readabl e
menory nediumas in any one of the previous clains, enbodied within a
portabl e user device with said touch responsive display. 5 12. An
apparatus, conprising: at |east one processor; and at |east one nenory

i ncl udi ng conput er program code the at | east one nenory and the
conput er pr ogr afmTbodehadenitiagime of thoprewhos Haphdwier LERginel 0one processor
cause the apparatus to performat |east the follow ng: respond to
input froma tactile user input device that at |east partially superinposes
a first displayBdesBanscoE DAY GraBe b PP pPRred e PEEET™BY 2consul ti ng
a set of |ingui shi Gektithes it duslels@niidiephf reblbensstpflpasedt: fiktad and second
characters are appropriate candi date characters for form ng a conjunct
character, léif“ﬁﬁ@mﬁgF§W%$§ﬁ??%ﬁ is affirmative, replace the displayed
first and second characters wth a displayed conjunct character, w thout
requiring user ?%C%Xl e gb@nl;egm y%r&gi%ﬁl%la{ s?&!ﬂx@rc Gl brogram insn]ngtiong_ : appar .at us
as in claim 12, ere salg tactire user Input device is a touch sensitive
20di spl ay, upon i cedemedresatiy rformengepmdionsdrl cowmpunct characters are

di spl ayed. 14. The apparatus as in either claim1l2 or 13, where the
tactile user input device is responsive to an object held by a user or to
at | east onéﬂofHﬂﬁ@mﬁ%%Fm@ﬂ*?%@%f?@“@@%%?p#ﬁ@“gﬁﬁ%?ﬁﬁﬁ?“ﬁﬁdﬁﬁm§ﬁy one of
the previous cl al @5; c&ahiabPRbiRIpb&rn e iiRgaft eler: £0aficgur &glat@ respond to
a user touching a displayed conjunct character and perform ng a drag
operation to repl¥&& t he displ ayed conjunct character with two constituent
characters. 3016. The apparatus as in any one of the previous clains,

embodi ed as a pggl}sﬁ&)ﬂlgea P (?friinguistic rules to determine if the superimposed first and second

15 characters are appropriate candidate characters for forming a conjunct character, and

if they are, replacing the displayed first and second characters with a displayed conjunct

character without requiring user entry of a third, special character.

20 8. The computer-readable memory medinm as in claim 7, where the tactile user input is

provided by an object held by the user or by at least one of the user's fingers.

9. The computer-readable memory medium as in claim 7, where the tactile user input is
provided by the user simuttaneously touching the first and second displayed characters
25 with first and second fingestips, and drawing the first and second fingertips togetherina

pinching gesture.

10. The computer-readable memory medium as in any one of the previous claims, further
comprising an operation of:

30
in response to the user touching a displayed conjunct character and performing drag

operation on the touch responsive display, replacing the displayed conjunct character with

21



device. 22 17. The apparatus as in y one of the previous clains, enbodied
as a portable wireless comuni cati on devi ce. 18. The apparatus as in any
preceding claim where the special character is a diacritic 5character used
to suppress an inherent vowel sound that occurs with a consonant character.
19. An apparatus, conprising: 10nmeans for entering a first character and a
second character; neans for displaying the entered first and second
characters; EEHefptagert or mi ng a drag and drop operation so as to
superinpose the first character 15and the second character; neans.
responsive to detecting the superposition of the first and second
characters, for deferfirHirngedre praoy medimasde suBRa’ BRAFETTE™are suitabl e
for formng a cemoliBCitthagcaatererandee vith siil @ychatPonsivodispiagpl aci ng the first
and second characters with the conjunct 20character on said display nmeans
without requiring entry of a third, special character; and neans,
responsi ve to aluserpgagucivomgistlge same or a different displayed conjunct

character and perforninggﬁgkggmggggﬁgion, for replacing the displayed
conjunct character with two coénstituent characters. 25 20. The apparatus as

in claim19, enbodied aleast ofcapspryFivliding CRPrEE B $80i t in a portable

devi ce. the at least ope memory and the computer program code configured to, with the at least

10 one processor, cause the apparatus to perform at least the following:
respond to input from & tactile user input device that at least partialiy
supertmposes a first displayed character and a second displayed character by consultinga
set of linguistic rules to determine if the superimposed first and second characters ars
appropriate candidate characters for forming a conjunct character,
i5 if the determination is affirmative, replace the displayed first and second
characters with a displayed conhunct character, without requiring user enfry of a third,

special charactet.

13. The apparatus as in ¢laim 12, where said tactile user input device is a touch sensitive

20 display, upon which the first, second, and conjunct characters are displayed.

14. The apparatus as in either claim 12 or 13, where the tactile user mput device is

responsive to an object held by a user or to at teast one of the user's fingers.

25 15, The apparatus as in any one of the previous claims, said controller being further
configured to respond to a user touching a displayed conjunct character and performing a
drag operation to replace the displayed conjunct character with two constituent

characters.

30 16. The apparatus as in any one of the previous claims, embodied as a portable user

device.



th

10

15

20

25

17. The apparatus as in any one of the previous claims, embodied as a portabie wireless

communication device,

18, The apparatus as in any preceding claim, where the special character is a diacritic
character used to suppress an imherent vowel sound that occurs with a consonant

character,

19. An apparatus, comprising:

means for entering a first character and a second character;
means for displaying the entered first and second characters;

means for performing a drag and drop operation so as fo superimpose the first character

and the second characier;

means, responsive to detecting the superposition of the first and second characters, for
determining if the first and second characfers ave suitable for forming a conjunct
character and, if they are, for replacing the first ané second characters with the conjunct

character on said display meang withouot requiring entry of a third, special character; and

means, responsive to a user touching the same or a different displayed conjunct character
and performing a drag operation, for replacing the displayed conjunct character with two

eonstituent characters.

20. The apparatus as in claim 19, embodied as at least one integrated circuit in a portable

davice.

3.
s



