ADAPTI VE VI RTUAL KEYBOARD FOR HANDHELD DEVI CE BACKGROUND As mul ti - pur pose
W rel ess devices becone too small for standard nechanical /el ectronic
keyboar dswowenrodadiikeyboards are increasing being used ®eTASPI0OMBIIP1 i nput
devi ce by displaying an arrangenent of keys on a touchscreen. The user
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acconpanyrqgﬁdramnn gs that are used to illustrate enbodi nents of the
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the invention
arrangements can require extensive proprioceptive development from the user. While the

designs of some physical keyboards on multi-purpose wireless devices do provide
improved ergonomics (compared to a rectangular matrix of keys), the degree of to which
the ergonomics can be tailored to a particular individual remains limited. Further, such
20  designs do not account for the fact different users have different sizes of hands, fingers
and thumbs, so a keyboard that is properly sized for one user may be more difficult for

another user.

BRIEF DESCRIPTION OF THE DRAWINGS
25
Some embodiments of the invention may be understood by referring to the
following description and accompanying drawings that are used to illustrate embodiments
of the invention. In the drawings:
Fig. 1 shows a multi-function handheld user device, according to an embodiment
30 of the invention.
Fig. 2 shows a virtual keyboard configured for two-handed operation, according to

an embodiment of the invention.



Fig. 4 shows a flow diagramof a nethod for an initial contact patch

cal i bration sequence, according to an enbodi nent of the invention. Fig. 5
shows a fwowodviagslam of a nmet hod of adaptively interprePChng/Sk@ygssakes,
according to an enbodi nent of the invention. DETAI LED DESCRI PTION In the
foll owi ng description, numerous specific details are set forth. However, it
i's understood that enbodinents of the invention may be practiced w thout
these specific details. In other instances, well-known circuits, structures
and t echni quesFiga¥ ghovste flosedagppwha Msthgd phsalibfating thg size abthe keybepdéur e an
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and cl ai ns erns " coup an connected,” along with their

derivatives, may be used. It should be understood that these terns are not
i ntended as synonyns for eac@ ﬁ@% i n.particul ar enbodi nents,
"connected" is used to indic F@ﬂpﬁé¥) Egipﬁgﬁ% el ements are in direct
physi cal or electrical contact with each other. "Coupled” is used to
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used in thad&itaddmat eﬁfbb@iﬁfént@bh@lémvéﬁtlo‘iﬂﬁ@ B (eattibhipwidioRt Bbsctsperimr di nal
adj ectives "first", “"second", "third" to describe a common el enent,
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referred %Hnm@ﬁ%e@ﬂ%1&%&wbﬁkﬁﬂﬂﬁﬂe&QHM&@hMmhgéfka@m§$§&PntS so descri bed
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The i nvention nay al so be |rrp enented as instructions contained in or on a
conput er - meadadhids parighlancatures cltruptiseb et ceasebtaiydcselw ot @vdryymbodiscst  nor e
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embodiments may have some, all, or none of the features described for other
embodiments.

20 In the following description and claims, the terms “coupled” and “connected,”
along with their derivatives, may be used. It should be understood that these terms are not
intended as synonyms for each other. Rather, in particular embodiments, “connected” is
used to indicate that two or more elements are in direct physical or electrical contact with
each other. “Coupled” is used to indicate that two or more elements co-operate or interact

25  with each other, but they may or may not be in direct physical or electrical contact.

As used in the claims, unless otherwise specified the use of the ordinal adjectives
“first”, “second”, “third”, etc., to describe a common element, merely indicate that
different instances of like elements are being referred to, and are not intended to imply that
the elements so described must be in a given sequence, either temporally, spatially, in

30  ranking, or in any other manner.

Various embodiments of the invention may be implemented in one or any
combination of hardware, firmware, and software. The invention may also be

implemented as instructions contained in or on a computer-readable medium, which may



descri bed herein. A conputer-readable nmedi um may include any nmechani sm for
storing information in a formreadable by one or nore conputers. For

exanpl e, wocompur@anr eadabl e medi um may i ncl ude a tangi bipeTatSerca®esssedi um
such as but not Iimted to read only nenory (ROM; random access nenory
(RAM ; magnetic disk storage nedia; optical storage nedia; a flash nenory
device, etc. Various enbodi nents of the invention relate to a configuration
of virtual keys on the touch-screen of a virtual keyboard. Rather than
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is held in the user's hand(s). In sonme enbodi nents, the placenen t he
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user touches the scre or cuI ar Thr ee hard
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clutter drawi_ng .t e context of this docunent, 'hard' buttons
are so’ calnkf“é‘g’?ﬁé’@éﬁg’é dleﬁléﬁ/ls ”E)ﬂ}?é‘??faﬂhaﬁéff)t IR &M IPRRIHRTS 9“’4 ocated in
speci fic arRasent Bithe kbR M\ CastoBe@loSR tiEORdididDal us@fstthuribddasrs, each
conS|st|ng of an image on the touch-sensitive display screen, denoted

herein as parwl@éewge&né@n In ggreserpbpdiniengy adaptivhisasing WAy be e foiPmper@tedeyi ce

may sense g hRd cdn@a'é@d%rﬁ&%f@l?er dser %\Mﬂﬁ%@qﬁ?&f%@ﬁ@ﬁﬂr&ﬂak@y ARRAGLAL BGoaM th that
soft button. The term'key' is used docunent to denote a soft

but t on t hdtantkp¥sents an individual key on a virtual keyboard shown on the
touchsgr een.  AblnpUGR. il rhiibl AhARIIRM 68,idkLich 2 lapheLathdsehavi ng a

particul ar shape, proportion, appear ance, buttons [ocated in
parti cul arf thgdzehioms The fljustrated ﬁfmceéi&mﬁlhewmmtil aé@l@hﬁcﬁ@né%&ﬂl ments of the
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touches the screen at one or more particular locations. Three hard buttons are also shown
above the display. Other physical buttons, sensors, features, etc. may also be included but

20  are not shown to avoid excessive clutter in the drawing. Within the context of this
document, ‘hard’ buttons are so called because they are physical buttons, permanently
located in specific areas. But the device may also contain ‘soft’ buttons, each consisting
of an image on the touch-sensitive display screen, denoted herein as a touchscreen. When
the user touches a soft button, the device may sense that touch and perform whatever

25  function is associated with that soft button. The term ‘key’ is used in this document to
denote a soft button that represents an individual key on a virtual keyboard shown on the
touchscreen.

Although the illustrated device 110 is depicted as having a particular shape,

proportion, and appearance, with buttons located in particular locations, this is for example

30 only and the embodiments of the invention may not be limited to this particular physical
configuration. For example, in some embodiments various features may be located
elsewhere on the same side or on different sides of the device. In some embodiments the

overall shape of the device 110 may be different than shown.



configuration. For exanple, in some enbodi ments various features may be

| ocat ed el sewhere on the sane side or on different sides of the device. In
sonme enboapDreerw7dine overal | shape of the device 110 maycCharsdiobferant t han
shown. Devi ce 110 may al so include functionality for w rel ess conmmunication,
for various visual, audio, and physical inputs, and for various visual,
audi o, and physical outputs that are not specifically described herein. In
sonme enbodi nents, the device may use this functionality in different ways
dependi ng on wWREYRe hddeay also igclpgs fungtionq] iy foraxjistsay eprnymicatip ferdvappess Fig. 1
al S0 _showsiaVhaidida HEXBAFOmd RPvERUCASE S UrdithRea) bitpdhs Mt € ual
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but rather each arc might have a variable rate of curvature. For this reason, the terms

‘circular’ and ‘concentric’ are not used to describe them here, although in some instances

20  the arcs might be circular and/or concentric. These arcs are described herein as ‘tiered’
arcs because each arc has a pivot point (the pivot point of the user’s thumb) that is in
approximately the same place, and each arc has a similar shape, with each arc being
approximately the same distance from the next adjacent arc throughout the length of those
arcs, when measured radially from the pivot point. Ease of reach by the user’s thumb,

25  rather than a rigid geographical shape, may be the guiding principle when determining the
curvature and location of each arc.

The example of Fig. 1 shows three rows of keys, but other embodiments may have
one, two, four, or more rows. The keys are shown the same size in all rows, but in some
embodiments, some keys may be larger or smaller than others. For example, the inner row

30 may have smaller keys than the outer row. Not only does this allow more keys to be
placed on the inner row, which has less room for keys, but it also recognizes that the user
is likely to touch keys on the inner row with the end of his thumb, which presents a

smaller touch area than is felt by keys on the outer row, which are touched with the thumb



enbodi nents, sone keys may be larger or smaller than others. For exanple,
the inner row nmay have smaller keys than the outer row. Not only does this
al | ow norwokeysiat@ibe pl aced on the inner row, which ha®Cirassomoeyst or
keys, but it also recognizes that the user is |likely to touch keys on the
inner rowwith the end of his thunb, which presents a smaller touch area
than is felt by keys on the outer row, which are touched with the thunbin
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version to provide E05|t|ve feedback to the user, and the posjition of this
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is shown just beyond the user’s thumb, temporarily overlaying whatever other keys are

20  located there. Different color, style, shape, etc. may also be used to distinguish this touch
indicator from the remainder of the keys.

The example of Fig. 1 shows particular characters assigned to particular key
positions, but this is for example only. Other embodiments may assign characters to key
positions in any desirable arrangement, such as QWERTY, Dvorak, etc. In some

25  embodiments, the key assignments may be programmable.

Because the configuration shown in Fig. 1 is designed for one-handed operation,
and the keyboard is therefore limited to the space reachable by a single thumb, there may
not be enough space to simultaneously represent all the characters that he user wants to
type. To compensate for this, all or a portion of the key positions may be reassigned to

30  represent other characters, and new labels representing the new characters may be
produced on the touchscreen for those keys. This change may be initiated in any

convenient manner, such as but not limited to: 1) touching one of the keyboard keys



Because the configuration shown in Fig. 1 is designed for one-handed
operation, and the keyboard is therefore limted to the space reachabl e by
a si ngl e whunty/14td1er e may not be enough space to sinult 208ai$3009/06®pr esent
all the characters that he user wants to type. To conpensate for this, all
or a portion of the key positions may be reassigned to represent other
characters, and new | abel s representing the new characters nmay be produced
on the touchscreen for those keys. This change may be initiated in any
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| ower r|gh%aﬁgﬂ%lc@éﬁeﬂ‘éndlwtﬁ%{ﬁr‘f"iﬁed(tﬁénla‘émﬁépéff’“%égﬂécfi:oncentr|c about t he
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operation. The illustrated keyboard is also shown contfigured for vertical
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i's horizontal sone enbodi nents, the right/left handed configuration
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20 s selectable by the user. In some embodiments, these configurations may be
automatically selected by the device (e.g., sensing gravity to select the vertical/horizontal
operation, and sensing which part of the display is touched by the user’s thumb to select
right- or left-handed operation).
Fig. 2 shows a virtual keyboard configured for two-handed operation, according to
25  an embodiment of the invention. The primary difference between this two-handed
operation and the one-handed operation of Fig. 1 is that there are two portions to the
virtual keyboard, one configured for operation with the right thumb and the other
configured for operation with the left thumb. More keys, and therefore more characters,
can be simultaneously displayed with this configuration, as compared with the one-handed
30  configuration of Fig. 1. The two keyboard portions may have the same or a different
number of rows, the same or a different number of keys in each row, different spacing, etc.
In some embodiments, the assignment of characters to the individual keys may be

switched between the left and right arcas for the convenience of users that have a left- or



Fig. 2 shows a virtual keyboard configured for two-handed operation,
according to an enbodi nent of the invention. The primary difference between
t hi s two-wendedi4oger ati on and t he one- handed operati on ®CTRISg009D069931 t hat
there are two portions to the virtual keyboard, one configured for
operation with the right thunb and the other configured for operation with
the left thunb. Mdre keys, and therefore nore characters, can be

si mul taneously displayed with this configuration, as conpared with the
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ei t her onerdemfthe/\mudfmﬁd@d oper at| on. In some enbodi nents, the device may
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aut omat i cal lé based on sone pre-deternmined criteria, such as but not

limted t&rcadyn HOEMIBGCCeRE Qebangig thy foptsizgiof 815 chtragiers aivihga@iuahccount , c)
changi ng tkl@ﬁoofaﬂmd)@tbz?h@ﬁseﬁ ﬁa@ ﬁlla% %ro%&dqmzmgdwgnualc K@Hoas, d) etc.

The user may then be pro draw an arc with his thunb on the
t ouchscr e@f t@dpwween\mfwehw@h hlahepdi ip itp permgbdaigpnteyanositiont Fiis psdnayi on. Thi s

arc may beg E&"@r%drtggs 4 Qaﬁ‘@ra@on &l gl i 1'ts%r1ﬁ)rs&s t@@ﬁﬂh’%@thle fRatifrgrgse is to

calibrate the |ocation of a keyboard row'so the keys on that row will be at
a conveni éfmboptﬂsfpwsgﬁlefkws erhibatyge wikl be phiprdenvangenspasiion dpycbit wreris thumbhi s arc

will be vi b J?]!le en%dr‘nzh% ﬁlﬁcﬁéﬁ 185 i lfe%ﬁ ﬂgqb&gsc% %elb%hnghﬁavsfl‘? the but ot her

enbodi nents nay not calibration arc. n ei ther cas t he
| ocati on (uﬁertbutsthalr@nhmnmdms rdaygmtéyplgjcﬁleeaiihmgpnbe: recorded at 330. This

Lgcat on nay bFn elfélgrd cageo th%eioca i 0& ml%ron tfleh(%sp(ié)yr dcRRR %9 G hR% gtf3 3beys Wil

20  This location may be used to determine where the corresponding row of keys will be
placed on the screen. In some embodiments, the user may be prompted to enter more than
one arc. For example, to calibrate the device for two-handed keyboard operation, the user
may be prompted to draw separate arcs, one with each thumb. If more than one row is to
be calibrated, the user may be prompted to draw a middle arc, an outer arc, and/or an inner

25  arc. In some embodiments, the user may be prompted to retrace the same arc more than
once, so the device can determine an average position for that arc. Any or all of these
options may be accommodated with the operations at 320-330-340.

In some embodiments, the arc for only one row of keys is input by the user’s

thumb, and the other arcs for the other rows for that thumb are automatically located with

30 respect to that arc. In such a case, the locations of the other arcs are determined at 350. In
one embodiment, the user may have been prompted to draw an arc with the thumb in a
mid-position, neither fully extended nor fully retracted, and the other rows placed in larger

and smaller arcs with respect to that one. In another embodiment the user may draw an



pl aced on the screen. In sone enbodi nents, the user may be pronpted to
enter nore than one arc. For exanple, to calibrate the device for

t wo- handewlOkel@agid operati on, the user may be pronpt ed PCo/USR@W06EPAT at e
arcs, one with each thunb. If nore than one rowis to be calibrated, the
user may be pronpted to draw a mddle arc, an outer arc, and/or an inner
arc. In sone enbodi nents, the user may be pronpted to retrace the sane arc

nore than once, so the devi ce can determ ne an average position for that
arc. Any 6F wifll thefhuntedally eyindedhis marly thsdocaiiempiibeiaterdowiof keysheitofer at i ons at
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by the user's thunb, and the other arc¢s for thé other rows for that thunb
are aut omdulhcairaged togatledic Wcatipnred dhedencr rav ohieys, avid. thq etheaeds ceeatsdse, t he

| ocations ofift 06 Qther arcs are determned at 350. In one enbodinent, the
user may have been pronpted to draw an arc with the thunb in a

m d- posi tion, @ecetthearCﬂQdatIWSémeebﬁ@Iedetﬂmnndduatl3¢0 thetdeaict edy asred thehe ot her
rows pl acegl 10N of%acqlelg ao arch%larc w1t VrvI tehrer%l eCt toflgehatlnosnr% I'n anot her
enbodi nent’ "t he' User rrg dFaW anar'c 't K"t hunD VYP ext énde 8 to mark

t he | ocat icombodinehthen metieearmrrmdvspmf:mgeyts«,eemdytcenth@ymmthe smmwcrnaefdieed i nsi de

t hat one. e.user draw an ar vmthth fully
oty act oty i tdes e BRATRER R redes Tantr Sy B by SRty o ner
arcs creapedeuiasiable td cﬁlﬂérrrﬁm:&he maeoﬂthwusafgthhme@ﬁntﬁmsarioayacheﬁm tiglet er m ned,

at 360 the device ma osi tion of each al on eac W th
each afc MEpMmEdgh Ry ease ng%]é%acelt?‘?t"%?? e@nb%?ﬂ rfé&erm ned

spaci ng bes weenrr 4ALAE 8BvekEMSs,ab rddbie tﬁ@éfﬁné&?té@ﬁm@%ﬁﬁfw@@md n ot her
enbodi nents, the spaci ng may vary. For exarrpl e, if the calibration process

was abl e Pt AOWdlcehto GRiojt h of the user’'s thunbprint in various

locations, thig¢sHy Q{e%ﬁb&'%hﬂﬁ&m@ge&b‘%@(ﬁuﬁl@raﬁ n@ﬁaﬁ&ﬁn&l@@‘é@ eefween keys. A
wi de t hunb print may lead to a wider spacin et ween keys, to reduce the

chance of 2teERethinige HUToup fseyepariipns @Whadﬁ*ﬁfﬁﬁbﬁo"“lﬂha’t somsusbodiggatst Biser ror . At
370, the ‘éﬂ’ﬁﬁg%ﬁr%nﬁﬁ%f RGr&leRrihi n@(ﬁ U@l ther PMBREAbRs, tRYAGIBAhLR tha ?"BE ks, etc.)

may be assigned to the various key positions on the different rows. In some
enbodi mentystomiapd b@ﬁed an g@mprlmy e cpereplettes mpyiddquently vicH sharegitrodi nent s,

this arr a;&ﬂig E}Eac{ﬁaé/ %‘bﬁé BW. 75ducP @, %ﬂ; PRV &hb QLS nfolsd Eref%‘hla@ QA exa”p' &
the nost fr useérl aracters may ?aced on th row,
reduce t hlqhd:racttcrramy be Plhecdrmaxhe wm@troxif,rsaql emﬂhq}ngj@e thumb is generally
considered easier than retracting the thumb. Commonly occurring sequences of characters
20  (e.g., digraphs) can be ordered sequentially along an arc to facilitate a more natural
‘inward sweep’ motion of the thumb. For two-handed operation, commonly occurring
sequences can be alternated between the two thumbs to facilitate alternating thumb action.
Other considerations may also be used to assign characters to key positions. In some
embodiments, the user may be able to assign characters to specific key positions. At 380,
25  the device may generate the completed keyboard on the display based on these character
position assignments, and exit the calibration sequence at 390. By virtue of these and
other features, various embodiments of the invention may provide a virtual keyboard that
is well suited to the natural motion of the user’s thumb(s) and is customized to
characteristics and preferences of the user. The invention may thereby improve the ease,
30 speed, and accuracy with which the user can enter text on the device.
Due to the close spacing of the keys, and the relatively large contact area of the

user’s thumb, it is likely that the user will frequently contact more than one key

simultaneously. Various approaches may be taken to reduce the negative effects of this by



characters may be placed on the outer row, since extending the thunb is
general ly considered easier than retracting the thunb. Comonly occurring
sequenceswohomhar@aet ers (e.g., digraphs) can be order edPsEqiseomioeddBy al ong
an arc to facilitate a nore natural 'inward sweep' notion of the thumb. For
t wo- handed operation, commonly occurring sequences can be alternated
between the two thumbs to facilitate alternating thumb action. Qher
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di spl ay based on these character position assignnments, and exit the
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enbodi mrents of the invention may provide a virtual keyboard that is well
suited to the natural notion of the user's thunb(s) and is custom zed to
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bot h var Ytl%ﬁﬁ'{lﬁilcﬂgn ?@;eﬁé?ﬁlm%ﬁlo\we} ﬁlaﬂ\’fﬂe(‘cbnt‘a&%nélh Bﬂa?ﬁng%,?”t acts the
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called the ‘active point’, which may or may not be the centroid (the geographical center)
20  of the contact patch. These calculations may be complicated by the fact that the size and
shape of the contact patch varies with: 1) which row the key is on (which affect the angle
of the thumb), and 2) whether the user is entering data with a one-handed or two-handed
keyboard operation (the position of the hand, and therefore the angle of the thumb, may
generally be different in a two-handed operation than it is in a one-handed operation).
25  Further, the actual contact patch and/or the actual centroid of that contact patch may be
different than the contact patch and centroid as perceived by the user.
In some embodiments the device may assume that a particular row of keys will
experience an elliptical contact patch with the ellipse oriented in a particular direction,
while a different row of keys may experience an elliptical contact patch with the ellipse
30  oriented in a different direction, or even a circular contact patch. These assumptions may
be taken into consideration when calculating the active point. Assumptions made about a
contact patch for a middle row may be interpolated between assumptions made about

contact patches for the inner and outer rows. These are only examples; the actual



Since the contact patch may be even | arger than the key on the touchscreen
that is being touched, the sensing device may have to interpret the sensor
i nf or mat WO 2ardi4d@tier m ne a point at which the touch wa®Cirmusernd®a93iN t hi n
this docunent, this point is called the "active point', which may or may
not be the centroid (the geographical center) of the contact patch. These
cal cul ations nmay be conplicated by the fact that the size and shape of the
contact patch varies with: 1) which row the key is on (which affect the
angl e of @HEMPHYHENY vARdTay thihkasetsen schial ¢ipericrics with therysefpnd gt Breviowh a
one-handegw@ksB*@dg@ﬂg%gm§g¥g&@hgnpperation (the position of the hand, and
therefore the angle of the thunb, may generally be different in a

t wo- handed opefati erntphaef user perseptipnatos prandigmd & vogrenatiicengive thRwctiver , t he
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about a c@oinacdicubaioahacterdinglyMRde bxantptaphrlyvibembnikipoh at@phnded ween
assunpti ons nade ahout contact tches for the inner and outer rows. These
are onl’y QQQW%FHE,mP%@wg8?U§Pﬂ?@%ﬂ§?ﬂ%ﬁ§“ﬁﬁ?p ﬁ?&“@ﬁ%ﬁ*gﬁ?gmbagé ®on actual
experi enceevibd May Meer ¥RQEMIBHLARINR cEMAR@ UBHH ptis@F (HRAGREN. OR ahdtRergener al

popul ati on. , an exanpl e of user perception, for sone rows the user nmay
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per cei ve tREOYREN ke gaYic mpprsprngyeigrhapdrd apgigtion if theeleyingimbetnghelddnd t he

devi ce MmaycABYR iR tHe%BoP@infthsiGVRNofis AR BRI GeMHah Rlddpb@grcigarmodate this
perception. Since the angle of the thunb, and therefore the shape of the

contact p&ede isibgingbeldimd hizgntpkesicatationithq lape dimsovieinid darisptebakasethor han
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is being currently used, adj ust the active point calcul ations
accor di ngltiese poumpticappldesiradhe devi ce may assume a two-handed operation is

being used if g & b%@&%ﬁ%ﬁt‘é?ﬂs{&gﬁ@g gr 1&1&&6%%6@1%@?%8%&) ctonﬁctttf?éjsccr&g %%92 O the

device may infer the sane I ng contact th parts o creen
| n anot hebe erfrodli byehd Jevichdastd wi the sirmpnd seneref tbaesntrmnpkech. dpthe adntan | f t he
device is pta?t%i.l E]sgrelgtei'\\lfe?y f.arnge?the device may assume the thumb is being used and adjust the
20  active point accordingly. If the contact patch is smaller, the device may assume that a
finger is being used, and adjust the active point based on that assumption. If the contact
patch is very small, the device may assume a stylus is being used, and not make any
adjustments.
Regardless of the type of adjustments being made, in some embodiments these
25  adjustments may be pre-defined, either based on a standard set of parameters, or based on
the results of one or more calibration sessions. In other embodiments, the adjustments
may be continually or frequently modified, based on the recent history of operation. In
some embodiments, both initial calibration and ongoing adjustments may be incorporated.
Fig. 4 shows a flow diagram of a method for a contact patch calibration sequence,
30 according to an embodiment of the invention. The method of flow diagram 400 may be
used to pre-calibrate the device to a particular user’s characteristics. Operations 430 — 460

may also be used for ongoing adjustments during normal operation of the virtual

keyboard. After entering the contact patch calibration sequence at 410, at 420 the device
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vertical orientation (the short dinmension is horizontal), and two-handed
operation if the device is being held in a horizontal orientation (the |ong
di mensi orwD=20twaraont al ), based on accel eroneters or ot IRET/TGSMNOO6931
However, the user may be able to manually override these assunptions if
desired. In sone enbodi nents, the type of instrunment being used to contact
the screen nmay be inferred by the device based on the size and shape of the
contact patch. If the contact patch is relatively |large, the device nay
assume t hé¥ypieraptitke yses tagrosserloagid kavj Wispme gabadimpwts thiokayboad a¥-di ngl y. | f
the cont age RabeRI kel Bo kel Aerdlarbfo B aRs YRl Naluyde ioer 1S being
used, and adjUst the actiVve point based on that assunption. [f the contact
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sone enbo |%§§%€§?L§§g&§%ﬁ%g% %?g'nay be pre-defined, either based on a
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i nvent i onpatthet 410t Aed5®ihe Hbvave Wiyadptanmind@R: sdayroid €orikecbntadt fakcd; Calthor at e t he

device to a particul ar _user's characteristicgs. eratjions 430 - 460 may
al so b8 u§8%£?“6? C%BE%C%T%QF%@&%PW “ﬁ?ﬁr‘%@n&ﬁ@rfﬁﬁ '%?rFOB%ld‘ir?f’g vi rt ual

keyboar d. uffihgial RAVEpdiRdol thecsednt gadh, Palsdy tBal beheRtdiQvs@enice at 410, at
420 the devi cenn t the user to press a selected key. In sone

pronpt | :
embodi ment@tors wechasyinsea pigvicasty desciibrd. bpsamsapoguiraisathe iPuplsciork ™By boar d
cal i brati g, $RANEMGRe NithFinGr a RlculFM c!@ﬁrcfi&ltx!)smda!f@ﬂh@y&@act Pl kPt her
enbodi nents the key nmay be 'shown in isolation in the sane location it wll
occupy i n thaarovidybhmaligle cppiast sever igadpgstapd biasg thpdogeq @loulste they, t he devi ce
det er nisnes figigvant information on the contact patch at 430. Based on
readi ngs fromthe individual contact sensors in the touchscreen, the device
may det er mi ne théoGsihealcaneimen thoe ragdrn & 0do naldeate hatcetiact aptdh for anwhas

cont act paTeR ge KRR P Gul MBS G RIE RS B R e B B PR Or (e
cont act paliecdteybaoard. In otheeembodiments, only some keys or touchscreen locations may be
used in this calibration procedure, and calibration data for the rest may be interpolated
20  from the results of those keys. In some embodiments, the same key may be calibrated
more than once, to obtain an average of the readings for that key. After all the selected
keys or areas of the touchscreen have been calibrated, either directly or through

interpolation, the calibration sequence may be exited at 470.

25 Keyboard Adaptation

When more than one key is simultaneously touched by the user, the device may
use various techniques to determine which key the user intended to touch. Some
techniques are contextual in nature, and may not be performed immediately. For example,
the device may compare the multiple contacted characters to the rest of the word to

30 determine which character forms a real word, based on a spelling dictionary. If more than
one of the possible characters forms a real word, the context of the sentence may be
examined to select which word was most likely intended, and therefore which character

was intended.
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geonetric center of the contact patch. In some procedures, the centroid may
be considered the initial active point for the contact patch, but may then
be rel ocavoedotvaeddion ot her factors, such as those previpomaisgoodms™si bed. | n
sone enbodi nents, the touchscreen nmay provide the device with only a

cal cul ated centroid position for the contact patch, rather than providing
mul tiple contact sensor readi ngs and having the device cal culate the
centroid. At 460, the device may then return to 420 to calibrate the
contact patch Horomgsatchdherkapy bpa prrsionelitionref stikingdbifrsaraesobinesn ef t hi s
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on a spel Isfllﬁtﬁé]ﬁlt}@t‘isﬁ)rrfﬁwswrft rﬂ‘ﬁﬁﬁéﬂ{\gﬁ‘ﬁhﬂ’%‘é‘ Saflﬁéilrf)‘ﬁ’sogl P eX&‘P?BlF\A@t ers forms

a real worihusbh@n&QBitEXpdbelbRehSIRALRAGLHEBY kBE 1RXRMcH By hRvetlk@st Whi ch
word was nost |ikely intended, and therefore which character was

i nt ended. PPOLOBHE ‘¥ &EBdowmrasd.eDptaimipiag thapihe ypes Gensktcathy AYsse i dhersPREng ¢ hi s

same  ConmbignadiofMa9fbe ARGRE in k8N Sus WP EGR cRAAIE, Ataffecd P8Rt sdnbips & keys was
usual |y intended, "and this history may be taken into account. If the

t ouchscr e AT GYINB tesenpctprish 13y be wicdde deprennathatitbehighyt fresseievi ng t he
hi ghesfs pr %ﬁ%fﬁrtﬁ’e édn%l id& ctoﬂé{mtwlss%ﬂé%éﬂ{&%ﬁtﬁe%&% thbSarhddikaggd key.

Al t er nat el y fferent pressure neasurenents for the different
cont act ed Ilk@lw,hmynmée mhuhay bl detseningd thatghograbpidior petivgepiat conbiaisaity on

predi cti Vel &Xhe RARMR 1S tspbiGn HRLGHILRE YT ¢h key was nmost

In another example, words with that particular character may be frequently
misspelled by substituting the same adjacent character. This may be verified, for example,
20 when the user either manually corrects such misspellings, and/or when the user accepts
automatic spelling corrections. In some embodiments, the displayed position of the key
may remain unchanged, even though the hotspot for that key is relocated. In other
embodiments, the displayed position of the key may be moved so that the new hotspot is
centered within the displayed key. In some embodiments, the device may attempt to
25  differentiate between simply typing the wrong character (e.g., none of the contacted
characters spell a word, or maybe dyslexic letter inversion frequently occurs), and errors
due to missing the hotspot, and adjust the hotspot only in response to the latter.
Fig. 5 shows a flow diagram for a method of adaptively interpreting keystrokes,
according to an embodiment of the invention. In flow diagram 500, at 510 the device may
30 receive input from the touchscreen indicating a key has been touched, and determine the
centroid of the contact patch. In some embodiments this input may comprise readings

from multiple contact sensors that define the contact patch, which may then be converted

12



i kely intended. The 'hot spot', i.e., the spot that the device considers
the center of a key, may be shifted if the user consistently m sses the hot
spot in twe:eswe’dilrecti on. For exanple, if the user comsiratSerwloyBypes

bel ow t he hot spot of the 's' key, the device may nove the hot spot of the
's' key downward. Determ ning that the user consistently m sses in the sane
direction may be determned in various ways. For exanple, |localized
pressure sensing at various points in the contact patch may be used to

det er m ne tQ adocetien Hfithprsatroigy Bishgr embedipents.the Wautdem Té?éttouséﬁcaqqn 88hsi stently
M sses t NgineaNtSlos@h tHe§akiGY of the LGOI EIRIRAES bPMe dnRREH NEfc exanpl e, it
may be determned that the centroid or active polnt consistently m sses the
key or its hot bpathei qase He agayeepodiit imag e determipedsat SEheascesathp lasationorfds wi t h

t hat parti : I I ' I ituting the
sanme adj aélge;gteﬁ%?%grg g{:?@ral?ﬁ%dﬁyﬁlﬁgq\%n ?Se%fﬁ%g@eéggtﬁ%?{%‘?&ﬁ% t he user
ei t her smamualt foy theopareditise toudhicradns dHek fintengsd kanis doriowtbesedtoh¢haisertiomccept s
automati c el linag cor ions.. In sone. e di nent t di spl ayed position
o the key MEyemelin LREnf IS By rO TR R hBracsb i isye ARy <

r el ocat ed.active potnh&rsufficizady oesnt te multiyde kiys pl @yedimpasiiity entosfhidhieykey may be

d that, th .h i t d within th i spl d key. |
erbodi mant ot dBGTRE AR A EO B Bt BePrieds BRI H 0Ty typing.
t he wr ong keyadt 840. eat 50, e devieneayQfetdifife Ciajraebiidy thehacéhsSe &pal | a word,

or maybe dyslexic letter inversion. frequent|y. occurs), .and errors due to
ni ssi ng tﬁé’r%‘ﬂt& f?rr%ﬁﬁgeyagf‘%%?nF?f&é’“ﬁB“t‘q@B%t/LSﬁP 1CPH C%‘@Eb&ﬁ% °th§ the latter.

Fig. 5 shewsicshisew #itRgniaumtefouping®t R8d. of adaptively interpreting
keystrokes, according to an enbodi nent of the invention. In flow diagram
500, at 510 thBaygden &esqly othes sprpideraipig 2508 Merdarics Bax et whishkadi cating a

key has beggRnfoouREdntcARd by etelstl BRI dnh§ 1feiatRicd idd tht RDifaRg@ate. Pat ch. I'n
sonme enbodi ments this inpu naétcg{ggrl se readings frommultiple contact
1

sensors t Hdthisedgiptibmeeot be frasib [t sSPaking Andhepptox neansigeraiéansentbatdt o t he
llocatign of ikt K5k baudthOfheSr 1RPRE bR Mefee Hal fot JaPHEonfdiQH. LR
touchscreen may sinply represent the location of the centroid, as

det er m nedevge mpethepipths &r B0 brogese morqkeyptrdkes. Atageh pashthranghiSod thooi nt may

be deter md@ﬁge by ?&83@%%?? isofﬂlisthQ&’w%tﬂ%ﬁ%lﬁr%?koﬁfex@&ﬁsi&&ﬂ%’n?% gd on

previ ousl y determ ne | erences bet enm the centrol anda active pol nt for

t hat part pefictlaekeystukhs Hritient may paskiblyi chtreg diedbrieyuslyschofpnikeyist sed on t he

| ocati on

based on those factors.

20 Once the chosen character and associated key have been finalized, the lessons
learned from this process may be incorporated for future processing. For example, at 580
the location of the hotspot for that key may be adjusted. This information may be
recorded for future use at 590.

The foregoing description is intended to be illustrative and not limiting. Variations

25 will occur to those of skill in the art. Those variations are intended to be included in the
various embodiments of the invention, which are limited only by the scope of the

following claims.
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of the active point, at 535 the device may assune that key was intended.
However, if the active point is sufficiently close to nultiple keys to
cause unceEotaimtdyelidas to whi ch key was intended, as det eprgirnsdooane®30, the
devi ce may exanmi ne the hotspots of those multiple keys at 540. At 550, the
device may determ ne the probability that each of these keys represents the
correct key, based on various criteria. Asignificant criteria may be the
previous history with this sanme grouping of keys. Based on these and ot her
consi der atWlé clamedB0 t he device may sel ect which key was nost |ikely

i ntended by the user, and enter that character into the typing sequence. At
this point it may not be feasible to ook at spelling and context

consi der atli onsAh@ppardiat, cpapisingul ar keystroke because the rest of the word
or sentence ha : ' . 530 to
process nore kg?@@%@ﬁ3%&“%@“%%@%%%Qggbﬁﬁggﬁﬁﬁ?ggﬁ¥V%ﬁ%“ﬁ@@%@%gﬁ%%“geternine
if it iss fhoicivedeybotdd hepist indgé@od eexchapdnisicdervat ofdugs. f or t hat particul ar
keystroke. If it is, it may possibly change the previously chosen key at
570 based on those factors. Once the chosen character and associ ated key
have been 2f i nalThegparatidef tless Drvehelcdathn edtublri@gbdalnd sas pwo pesisndyey fine

i ncorporated. for .future processing. For anpl e t. 580 the | ocation of the
ot spot 1 ey Ty R BREER Snd A G adl e B B SFE et ded 1 or
fut ure useasats thihbs, diahd @t@@qoripndasias apikisomthig atodhepdiadwtobkde i1l ustrative
and not IinitiH?. varlatiOES wi |l occur to those of ski.ll iH the art. Those
var i at?ong"apesd fofoRpae RoPhrser s eihed bV AT 15 GLPRIMLBE IRET ¥ of  t he

i nventi onpoittighbarnes hinakt ed only by the scope of the follow ng clains. Wat
is claimed is: 1. An apparatus, conprising: a handheld el ectronic device
having a touchscreen with a virtual keyboard, wherein the virtual keyboard
has first zand $RCQNGraak &f SIRAPE W Hekedl 80oabONR i sKBYSd frdm I BIARRRTAL us of
claim1l, wherein the virtual keyboard has two portions, the first portion
havi ng at 1y agempgklepy usar aghitd: second rows of keys arranged for operation by
one of,sa user’ g I QYIRS be@Rth hB G 8GPRERGEEE;0n having at least a third

ar c- shaped row of keys arranged for operation by the user's other thunb,
when t he user bka ¢stapngibatgcehedjehent kews wiatrhw; and

c¢) which character is assigned to each key.

4. The apparatus of claim 1, wherein a display of a key on the touchscreen is to be

20  shifted to a position visible to a user when the key is activated by a touch.

5. The apparatus of claim 1, wherein the device is to perform a keyboard calibration
procedure comprising;:

a) prompting a user to draw a calibration arc on the touchscreen with the user’s
thumb; and

b) generating the first row of keys for the virtual keyboard along the calibration arc

drawn by the user’s thumb.

6. The apparatus of claim 5, wherein the calibration procedure further comprises

generating the second row of keys in relation to the first row of keys.

7. A method, comprising:

entering a calibration mode;

14



both right and |l eft hands. 3. The apparatus of claim1l, wherein at |east
one itemselected fromthe following list is programmable by user action:
a) a di stwipceiaraeen the first and second rows; b) a diPsTarsc@9betsmeen

adj acent keys in a row, and c) which character is assigned to each key. 4.
The apparatus of claim1l, wherein a display of a key on the touchscreen is
to be shifted to a position visible to a user when the key is activated by
a touch. 5. The apparatus of claim1l, wherein the device is to performa
keyboard cal i bAdeqting 2 firsh edthation eripvsohgtoughscisersgid i ng a user to draw a

cal i bration ar geIQ&tihQQP}s@WéﬁBﬁ%st%I Dvita KRl Ui fRdpiogener ati ng

the first row of keys for the virtual keyboard along the calibration arc
drawn by fatfe user's thunb. 6. The apparatus of claimb5, wherein the
calibration procedure further conprises generating the second row of keys
inrelation to the first row of keys. 7. A nethod, conprising: entering a
cal i brati én nodbs dethedof agma/, furthst copgrising atangring p osadraien tasaida t ouchscr een

and generat a first row of soft ke for, a virtual keyboard al ong the
first cal thratens dbEe dRY el pctRiRe oidiedl. " § U7 ner compr i si ng
pronpting a user, prior to said detecting, to draw the first calibration

arc on the touchscreen..9.. T thod of claim7, further cogprising
Gener ati ng- o SEROTETTON Ffimep FirTRE O i ok 8 itind BRI h ¢ ne
first rowhafingofitred aysion 16th tHh@stividdofokeyel ai m 7, further conpri sing:

detecting a second calibration arc drawn on the touchscreen; and generating
a secofd row of soft keys for the virtual keyboard along the second

cal i brati qu. ar ¢he Adthod bRelAIBI D AGthef cotdpaikidy10, wherein the first and second
calibration arcs are tiered . .
detecting a second calibration arc drawn on the touchscreen; and
generating a second row of soft keys for the virtual keyboard along the second
calibration arc.
15
11. The method of claim 10, wherein the first and second calibration arcs are tiered

with respect to each other.

12. The method of claim 10, wherein:
20 the first and second calibration arcs are drawn by the user using different thumbs;
and

the first and second calibration arcs are not tiered with respect to each other.

13.  An article comprising
25 a computer-readable storage medium that contains instructions, which when
executed by one or more processors result in performing operations comprising;:
entering a calibration mode;
detecting a first calibration arc drawn on a touchscreen; and
generating a first row of soft keys for a virtual keyboard along the first calibration

30 arc.

14. The article of claim 13, wherein the operations further comprises prompting a user,

prior to said detecting, to draw the first calibration arc on the touchscreen.
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with respect to each other. 12. The nmethod of claim 10, wherein: the first
and second calibration arcs are drawn by the user using different thunbs;
and t he fwozbieamgeisecond cal i brati on arcs are not tier e#Chiuskomwmspert to
each other. 13. An article conprising a conputer-readabl e storage nedi um
that contains instructions, which when executed by one or nbre processors
result in performng operations conprising: entering a calibration node;
detecting a first calibration arc drawn on a touchscreen; and generating a
first row of soft keys for a virtual keyboard along the first calibration

arc. 14. The afhl ghieOf clgihfﬁi3%11@@&4@@6&%ali‘iohé"ﬁrtg&%ﬁ%%%’%%nér%ﬁﬁer conpri ses

pronpting a user, prior to said detecting, to draw Irst calibration

arc on t hécqoadstvselrselifkeyshavinpe tigredirdateonofithctha first 03y, ofwpkelisn t he oper ati ons
further conprise generating a second row of soft keys having a tiered
relation with the first row of soft keys. 16. The article of claim13,
wher ei A t Hé. op&hatriidasf ¢leint Femhemimphé greratidet mohéregmarisecond cal i bration arc
drawn on the t86ch.screen'déaarf{%ral ener%;trl n athg,[eogl&r%gregow é)f soft keys for the

virtual keyboar ecélltl%ﬁgsjectoﬁe second calioration are " The articie of claim

16, wherei n t heereratisg a asedndeeocstdoft &éyislioahe vinuarkegboardaldngghedtcaidt h r espect
to each ot hlebr ” 18. The article of claim 16, wherein: the first and second
calibrati A4S *Hre drawn by the user using different thunbs; and the
first and second calibration arcs are not tiered with respect to each

other. 19. _An ar.at us,. .coppri sing; handhel vi ce i ncl udi .
t ouchs'@r edd fo?ﬁg‘i‘@aF 85‘?1?1‘51 Q’)W:h?rﬂﬁ‘g eﬁlré%’gé?“c?}“dl\%ﬂ &R afcﬁéred’éﬁqg’@% s to:
detect a t@yeddtddch bt ouchscreen by a user;

18. The article of claim 16, wherein:
the first and second calibration arcs are drawn by the user using different thumbs;
15 and

the first and second calibration arcs are not tiered with respect to each other.

19.  An apparatus, comprising:
a handheld device including a touchscreen for displaying a virtual keyboard,
20 wherein the device is to:
detect a touch on the touchscreen by a user;
determine a location for a centroid of a contact patch for the touch; and

determine a location of an active point with respect to the centroid.

25 20. The apparatus of claim 19, wherein said determining the location of the centroid
comprises:
receiving readings from multiple sensor points on the touchscreen located within
the contact patch; and
calculating the centroid from the multiple sensor points.
30
21. The apparatus of claim 19, wherein said determining the location of the active
point is based at least in part on one or more factors selected from a list consisting of:

the centroid of the contact patch;
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determne a |location for a centroid of a contact patch for the touch; and
determ ne a location of an active point with respect to the centroid. 20.
The apparwiousioofi7@iai m 19, wherein said determ ni ng t hePCoaskéonewstl t he
centroid conprises: receiving readings fromnultiple sensor points on the
touchscreen located within the contact patch; and cal culating the centroid
fromthe multiple sensor points. 21. The apparatus of claim 19, wherein
said determning the | ocation of the active point is based at |east in part
on one or nore?fazeighacagceraidy froma |ist consisting of: the centroid of
the contact paj ghyaofingBoct piign;contact patch; a shape of the contact
patch; a difference 1n pressure sensed at the nultiple points; a |ocation
on the keyboar 8 digferanpeingaessure sengesk at khe maulipde peinishal rel ati onshi p bet ween t he

centroid and aa%%%%%%rnqhé?%aéﬁﬁﬁftjﬁc&ﬁac#Ea?ﬂaé partly overl apped by the

contact patch; and a previ Istory o positional relationship

bet ween t he coabpesttionplackhomhip betveck éhylvoatraid krela kegBoardTkay thgpaatddasts of cl ai m
19, wherei nrﬂsaoivdﬂadeé Ctth@%on? goaH haﬂil to be perfornmed during a calibration
procedurepfloy t%epﬁey oar a2 3PMA" fEt hod, conprising: sensing a touch on a
t ouchscreen of aarchandhiebd @ltleqiosvinnad radaiongdy baet@rtht cintgt patcheantinlel d for a
cont act pi(t ctih of the touch; and determ ning an active point for the contact
pat ch, whéFBI%H 45 active point is a different location than the centroid.
24. The nmethod of claim 23, wherein said determning the active point is
based at one or nore factors selecte frgtjrpalist

l.east _jn part o
consi s?i n&sof : Tt‘%@ﬁ’ﬁr@ﬂ?togflﬂmbp’ﬁlfgreﬂbﬁ% fecting iguelys I bedeglprmpqde  cont act
patch; a shaRea &fibtden FRBIMEL foPdt &Byboard.

23. A method, comprising:
sensing a touch on a touchscreen of a handheld electronic device;
15 determining a centroid for a contact patch of the touch; and
determining an active point for the contact patch, wherein the active point is a

different location than the centroid.

24, The method of claim 23, wherein said determining the active point is based at least
20  in part on one or more factors selected from a list consisting of:
the centroid of the contact patch;
a size of the contact patch;
a shape of the contact patch;
a difference in pressure sensed at multiple points within the contact patch;
25 a location on the keyboard of the contact patch;
a positional relationship between the contact patch and a keyboard key that is at
least partly overlapped by the contact patch; and
a previous history of the positional relationship between the contact patch and the
keyboard key.
30
25. The method of claim 23, wherein said sensing is performed during an initial

calibration procedure for the keyboard.
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a difference in pressure sensed at nmultiple points within the contact

patch; a location on the keyboard of the contact patch; a positional

rel ati onswopotvetunaen t he contact patch and a keyboard kegTiusato9iososat | east
partly overl apped by the contact patch; and a previous history of the
positional relationship between the contact patch and the keyboard key. 25.
The nmethod of claim 23, wherein said sensing is perfornmed during an initial
calibration procedure for the keyboard.26. The nethod claim23, wherein

sai d adj ugfi ngThemgidpd epime?P. silipicHgadpdruatingon asfuimad durste appatige) boar d. 27.
An arti cl @ LeuplkbNBaR. CONput er - readabl e storage nmedi um that contains

i nstructions, which when executed by one or nore processors result in
perform ng operations conprising: sensing a contact patch on a touchscreen
of a handhel d oni ¢ . ice; determning a centroid for a contact patch
for the tgzbh;ggﬁgkkg%g§ﬁ§§ ng an active point for the contact patch. 28.
The art5i cl e of a computeraFadablh stoeign ntclmnopercantemn insfrudiense minchiwignt he acti ve
pOi nt I S %)a(‘esce%d%t Olrleeai'SI%OIi nI‘ g‘rstrs(r)e%u nne eo OI'III”ITi.Dr 8 gr%‘l":otn(sjgosmsres& e(:t ed from a l I st
consi sting of: a’ CentroraPor “the "Cont dtt paP%ﬁ? 257 2" e cont act

patch; a shape of tdesicpnt@eict radhodn,a taudikdré@refndendhnldpicessenic devse@nsed at t he
multiple points; a cati.on on t. keyboard of. the cqgntact patch; a
positional relati Onieﬁqrgl%rgtwgﬁoxpﬁ ac%ﬁ‘tagi&atc af?rctﬂe téfﬁ(gl’ ﬁncﬁeyboard key t hat
is at |east partly dveminppacchye fdie feahd amtacpgiiahh; a previous history of

the positional relationship between the contact patch and the keyboard key.
29. Thd article of claim27, wherein the operation of adjusting is

per f or med 2gur i Mge @fclk BF Elhid 27C Mhbloimahd QerpioR 6Lk MR the Beivkeyieard. 30. The
article claim?27, wherein the operation of adjusting.is perforned during
based at least in part on one or more factors selected from a list consisting of:
a centroid of the contact patch;
a size of the contact patch;
15 a shape of the contact patch;
a difference in pressure sensed at the multiple points;
a location on the keyboard of the contact patch;

a positional relationship between the contact patch and a keyboard key that is at

least partly overlapped by the contact patch;

20 a previous history of the positional relationship between the contact patch and the
keyboard key.
29. The article of claim 27, wherein the operation of adjusting is performed during an

initial calibration procedure for the keyboard.
25
30. The article claim 27, wherein the operation of adjusting is performed during

operational usage of the keyboard.

31.  An apparatus, comprising:
30  ahandheld electronic device including a touchscreen for displaying a virtual keyboard,
wherein the device is to:
detect a contact patch when the touchscreen is touched by a user;

determine an active point for the contact patch;
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operational usage of the keyboard. 31. An apparatus, conprising: a handheld
el ectronic device including a touchscreen for displaying a virtual

keyboar d,watrerogidmeithe device is to: detect a contact paPcCh/ushen/ 064981
touchscreen is touched by a user; determine an active point for the contact
pat ch; determ ne a hot spot for each of nultiple keys | ocated near the
active point; select a particular key fromanong the nultiple keys as a key
i ntended by the user; and include a particular character represented by the
particul ar keydgemanehizgt spat & cpeh wiidokeyy laseied aear dfe acBya PdiHput by t he

user. 32 The apRRk S St Fdilndnd i IRAGEAL Rl KSEhRANLAR houbipsed on at

| east one criteria selected froma list consisting of: |ocation of each of

the hotspeéné with respect to the active point; and a probability based at

| east in part - hi i I one of
the nultiple kgggﬁeg§§%$ﬂg%%%%égg%%%§§Fa% g%ﬁ?%%yﬂ&% rgfﬁh?hg %3?ce isto
rel ocatte tohgoilpstregmor tekomputhy theausei. cul ar key for subsequent operations,
based at least in part on determi nations |eading to the selection of the
particul ar key. 34. The apparatus of claim 31, wherein the device is
further ta2. deThcippaddisbf daal 3¢ oht@otsajdaticties;is sabeat atdehdi dneerigliakeys based
on the additiopal contact. patches; include a corresponding character from
each of tﬁge§%f§%?8§mﬁg9§mﬁﬁf‘ the ongoing streamof text until at |least a

word has been foosititoRdf esttof tHFiho8pdth &itadspedt S tAfladtivy pbintl adr d; and change the
particul ar character..to another. character represented by. anof her of the

nul ti pl’e keys £8° WWi’aWQIaf ashyy Rft @?.pawt‘g(ﬁﬁgﬁ’ﬁtafféveé’?méﬁrﬁtﬁegﬁt, wher ei n
the devi cgomsof HE MaRpIdIRyyOVEe a hot spot for the particular key based at

| east in part on determinations |eading to the changing of the particular
character.

33. The apparatus of claim 31, wherein the device is to relocate the hot spot for the
particular key for subsequent operations, based at least in part on determinations leading to

15 the selection of the particular key.

34.  The apparatus of claim 31, wherein the device is further to:
detect additional contact patches;
select additional keys based on the additional contact patches;
20 include a corresponding character from each of the selected keys into the ongoing
stream of text until at least a word has been formed;
determine the word is an invalid word; and
change the particular character to another character represented by another of the
multiple keys to form a valid word.
25
35. The apparatus of claim 34, wherein the device is further to move a hot spot for the
particular key based at least in part on determinations leading to the changing of the

particular character.
30 36. A method, comprising:

determining an active point of a contact patch when a touchscreen of a handheld

electronic device is touched by a user;
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36. A nethod, conprising: determ ning an active point of a contact patch
when a touchscreen of a handheld el ectronic device is touched by a user;

det er m niwgQ 20tvel4a@tli ve point is near a hot spot for eackCofUsSpasPBe keys
on a virtual keyboard on the touchscreen; selecting a particular key from
anong the nultiple keys as a key intended by the user; and including a
particul ar character represented by the particular key as a character in an
ongoi ng stream of text input by the user. 37. The nethod of claim 36,

wherei n said sesteEtpipgthc sctygemt sricata hosspet fos sechafimpudtinigkayspee vawak rom a
l'ist consigiaQ ffthe QGRLEGN of each of the hotspots with respect to the
contact patch; and a probability based at |east in part on a past history
of the nul ti pl ecléctipga particarker Sporraiong theontltele kpatas h&ey ing8dedityeheret hod of
claim 36, [fyrfher conprising noving a hot spot for the particular key based
at least in part on determ nations |leading to said selecting the particul ar
key. 39. The nechdugefpagicalianctBaictef teptehanteddortin pasiicwlpr keetser dirnctaginaddi t i onal

active points for addi%#p.ahp%o%gact pat ches generated by additional

t ouches; é%P@%F%ﬁEegaﬁu R} ef@m]ésed on the additional touches;

including a correspondi ng character from each of the selected additional

keys into._the o] stream of . text .yntil. at | east word has.been forned,
det or i ni g ¢ haPGBPAcH & SRS upsrE s Gerecth S N B E T ul o

char act er stlectan@bheniscdatiasicer: represented by another of the nultiple keys

to forma valid word.. 40. ‘The net hod of claim39, further conprising noving
a hot ¥pot forEfﬂﬁmﬁﬁF¥$@ﬁﬁﬁﬁow@VSﬁggéﬁpﬁ?“Vg%§¥“%%p%ﬁ¥?m5n det er mi nat i ons

| eadi ng to sai gdprBasnGlyMescalat lhe iRkt dnGadrhiGbabadik efultiftd keyand@r ti cl e

conprising a conputer-readabl e storage nmediumthat contains instructions,
whi ch whegorresponding contact patches.

38.  The method of claim 36, further comprising moving a hot spot for the particular

15 key based at least in part on determinations leading to said selecting the particular key.

39.  The method of claim 36, further comprising:

determining additional active points for additional contact patches generated by
additional touches;

20 selecting additional keys based on the additional touches;

including a corresponding character from each of the selected additional keys into
the ongoing stream of text until at least a word has been formed;

determining the word is an invalid word; and

changing the particular character to another character represented by another of the

25 multiple keys to form a valid word.

40. The method of claim 39, further comprising moving a hot spot for the particular
key based at least in part on determinations leading to said changing of the particular
character.
30
41.  An article comprising
a computer-readable storage medium that contains instructions, which when

executed by one or more processors result in performing operations comprising;:

20



executed by one or nore processors result in perform ng operations
conprising:determ ning an active point of a contact patch when a

t ouchscr ewo 20fo/@a7é1andhel d el ectroni c device is touched IBPgTAISAER069931

determ ning the active point is near a hot spot for each of nultiple keys
on a virtual keyboard on the touchscreen; selecting a particular key from
anong the nmultiple keys as a key intended by the user; and including a
particul ar character represented by the particular key as a character in an
ongoi ng stream of t4aminiiAn Jgijve peant¢é a eontapp patqihwhesyra toeghecremn eflrai m 41,

wher ei n sgighnsRlfehbiNg dhielargthe@Byatusdreast one criteria selected froma
list consisting of: a location of each of the hotspots with respect to the

contact patch; and ¢etgmazesthe patiye beiseid near alhetspot foncashof myhipke kszsen hi st ory

of the nu%&%gbfhﬁgxﬁdgggwq&khﬁﬁgﬂnding contact patches. 43. The article of

claimA41, erein the operations further conprise noving a hot spot for the

particudl ar key basesutleating ajsticulan kgyafrom emouigthe mmiltipd¢ kayn s 4 kaditegdedo sai d

selectingbtqg artkfular key. 44. The article of claim4l, wherein the
i

oper ati ons ﬁ%?nconprise: determ ning additional active points for

addi ti onal contact ipatdihgs pgendiahedctbyrepddinteld bpalic facicoheksy sel ect i ng
addi tional , keys .based on the a ditiong%ftouches; i ncl udi ng a correspondi ng

char act er “PHBHTdREROBOMERFECUR PLEF AP BYINiUSHal keys into the ongoing stream

of text until at least a word has been fornmed; determning the word is an
invalid word; d changin he particul ar. character to another. character
r epr es¥nt €& bﬁﬁwﬁgp%}?lﬁew Fﬁsﬁﬁdéelﬁ‘é%ﬁ%as? AL §GBF d. 45. The
article ofscledtai M4 listddadi@ing of-he operations further conprise noving a hot
spot for the particul ar key based at |east in part on determ nations

| eadi ng to sai &1k sFhot therotspals itk agsasct Enle sirtast patch; and
a probability based at least in part on a past history of the multiple keys and

corresponding contact patches.
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43. The article of claim 41, wherein the operations further comprise moving a hot spot
for the particular key based at least in part on determinations leading to said selecting the

particular key.

20 44, The article of claim 41, wherein the operations further comprise:

determining additional active points for additional contact patches generated by

additional touches;

selecting additional keys based on the additional touches;

including a corresponding character from each of the selected additional keys into
25  the ongoing stream of text until at least a word has been formed;

determining the word is an invalid word; and

changing the particular character to another character represented by another of the

multiple keys to form a valid word.
30 45, The article of claim 44, wherein the operations further comprise moving a hot spot

for the particular key based at least in part on determinations leading to said changing of

the particular character.
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