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LOW PROFI LE TOUCH PANEL SYSTEMS PRI ORI TY CLAI M [ 0001]

This application clainms priority to New Zeal and
weeavisizenal Patent Application No. 561, 038, frPdEBUSDNG/074749

August 30, 2007 and entitled OPTI CAL TOUCHSCREEN

ENABLI NG THI N CROSS SECTI ON, whi ch is hereby

i ncorporated by reference herein inits entirety.

TECHNI CAL F ] =Ted tt

general ly pﬁlﬁg&gﬁ*ﬁ i@iﬁeﬁﬁ%ﬁﬁ@{&%@g tha?ral | ow
a user to interact WpRHoRIEYAFLARKE Processing devices
by touching on or near a surface. BACKGROUND [ 0003]

[0001] Di gi fj Thie applicutiohaldiats privaity teNewdlrapordatredisamahPatent
Applicatinstima6) 0eRehlseigin Azert 39, 18Tl @aneg R HEAL TOUCHSCREEN
envam NI CRDSSUp RN ARY T PR 55k B

its entirBlySpl ay assenbly. Ceneral |y speaking, various systems
for detecting an angle (direction) or a position of an
obj ect relative to thHeCHNEIAdyFHtldd can be used, such

RE R SR e e
allow a R¥& 6 TrerRDH, '[lthhﬁlelfdr l%ﬁore??o&@ﬁh% QeviREAHP tdichY b @ near a surface.

1
systenms capabl e of detecting the angle or the position
of the object can be BYAKGRWIONWD More particularly,
touch screen i nfut devi ces i ncl udg resistjve,.surface

[0003] capaciigitieers ang faRless srbbRicernrEaied psappordinty gyl apparatus in
IR .. F ..l nt er, f j :
procss s T4 LSS, RO GBI AL GRLSGEL AREBRL B o o
display HBE cé(cad TRID, LODCbr sELERpId$ técheslogys irde tduchrenablee display
optical and infrared technol ogies) require use of a
assemblyo {eenesr bbipsaking avarus shistews verr dategimg ananglaghieechankita

... to.the .displ ly. ' ' ..
poston e TR B Ry OB pETAE s B
resistan%cf‘nﬁﬁ%r&?é syRBIRS c&;?a%ﬁtaﬁé'eﬁsyisfén%g‘ Sle@ﬁoﬁiﬁ?ﬁetiiﬁh@ﬁéti&ﬂsystems, and

anes in an area ("touch area” herein) above the
the liket Auscinethes exdraple, ofioral exsterps eapabje oftddtedtimggheigngleror the position
of the o{)j%léltcganslserueseeg.s can use a combination
[0004] More particularly, touch screen input devices include resistive, surface
capacitive, surface acoustic wave (SAW), infrared (IR), Frustrated Total Internal Reflection
(FTIR), Projected capacitive, optical and bending wave. Often, the foregoing touch screen
devices (aside from some optical and infrared technologies) require use of a touch enabled
transparent cover layer that adds height to the display assembly.
[0005] Certain optical and infrared systems rely on detection of light traveling in
optical paths that lie in one or more detection planes in an area (“touch area” herein) above
the touched surface. For example, optical imaging for touch screens can use a combination
of line-scan or area image cameras, digital signal processing, front or back illumination, and

algorithms to determine a point or area of touch. Components used to emit and detect light

in the detection plane(s) can be positioned along one or more edges of the touch screen area
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of line-scan or area inmage caneras, digital signa
processing, front or back illum nation, and al gorithns
WO 2000829641 ne a point or area of touch. Conponedit/BES28€0 4749
to emt and detect light in the detection plane(s) can
be positioned al ong one or nore edges of the touch
screen areaas part of a bezel surrounding the touch
screen area. Optical touch technglo of ten_uses
a5 part Qe LT T 1 T CRTREP 265701 D RAEL -Gt Ar GG e Tl uses
line-sca {ng % Sca%ergy&iérﬁé’tgg afo fcﬁ’l%%r&ﬁrrb TBEEs e Ri%8!suface to
rack the novenent of any Object close”to the surface
image ti béReaidHetk Sereevenivnt détegbbjegt dibe torthe sunfiptei afithofouch screen
an infrared |ight source. [0006] In sone systens, the
by detedtingrthe ngerrbptiemet ancig fraceddéght spercsur f ace of the touch

scre by IR LED em-tters aliqgr I f]
o00e) 557 =Bl I G LB BRIt AR L onct
screen HXIREE 8RC&mAferd AHed 6 Lbk @FtiOM aRis Sflth@cii@blaatldewet the
order. If an object is interrupting light in the

existenagatrewhicaristqicand lighheflobied by aelro-refisetive kderowif pn objest is
e S S e RSP Bl SRRl i biencred
light. B?tg%fa I?J[he‘%filre%;flﬁﬁg?ﬂ{e Phab08s 84 86W A dSmulthfe 88L&SES Md t’}&g spatial

on i1n e detection area can be triangul at ed.
arrange@Bat dfahe dx@opk s the bigbtt’ chratien mnthe dettction oxs cahbetivagulated.
area in a grid pattern, wth the object's lIocation .
As anothert exeripie dighh satbo pmiifasastess dhgfough prea; lﬁtae%Ti“ﬁB"ftW= with the

., [,0007 i . Fi 1is. ) i
ovjoce 3G oy bR AR o B Bl TR S 0T
[0007] Whi ChE@Nn&Rhdes Fi%ﬂﬂ §§ b icRRs-aB&tiorlal vigwnalt droekessargnodéh

~and illum nated bezel 14 both extend above a touch _
detectionusy$tanel 0L, whishtani eptigalr detentionrand sibwpination sastepy § and illuminated

T I A o e
detectio@%bfgtg{fﬂ:%xdsiﬂlﬁﬁﬁﬁﬁiokss sfant MeSofbAid BitEQEMBRPANESs s knbha in the

. I splay screén 16 or a protective | ayer
art. Thefplané blﬁnﬁxdh abhrfuee thm thissglampls coreesponds ghtheitep efdisples screen
romillumnation source 2Q. and is directed al.ong.an
16 or a pigiesHIvA daYspPPEEPIfrhappvEGhe Fiselay sgrRen; g ermitted from
. . retr | . . r i-cal 4 P i .
i B4 250 BrePR Ly FRELE Pl o Praghgh s on

retrorefRBtedlalodgviefurf ophibalenatht D4, gassihp litto @ptitH128 (@lenk in this example) and
detection systemis 3.2mm [0008] As is known to those

detectoro6. shai this exampie the profilef theitawehudaiestion ysicHEiSp- €8 an

o008 52,8845 b L 0 AR 4T PR e s
to calcuga:fg%%gp%ﬁgﬁﬁleégzﬁg% ?13 B?%ﬁiiﬁ%]’ﬁgefdtﬁé’ B8ttt PhEOR MedsdPements
from two or more detection systems. Figure 2 provides a top view of an exemplary touch
detection system 29 which can identify coordinates within a detection plane 31. In this
example, two optical detection and illumination systems 30 are provided, with respective

exemplary paths 34 and 36 showing the route of light emitted from and returned to the

illumination/detection systems 30 via reflective components positioned along edges 32. For
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detection system 29 which can identify coordi nates

wthin a detection plane 31. In this exanple, two
wopivozd7edet ection and illum nation systens 30P@r/€S2008/074749

provi ded, with respective exenplary paths 34 and 36

showi ng the route of light emtted fromand returned

to the illum nation/detection systerrB 30 via

refl ective conponents siti.oned ong .ed 32.
cxampl e S e 05 ok B FoAR L B985V by o
S ed al ong edges 32 covered by or included in a
1ndude Q1AF&%F0009] When an object interrupts the beans as

[0009] T epr Wbk efl oBfecBihtertiifs tedmhime s oépresentedterds dpethooattlon of the
can be triangul ated based on the change in opti
interruppian kegn he trmuwé«c@based r@ﬂﬁh%lﬁléangﬁ in ppfic >P&H1§ agrosy ﬁleteCtlon plane

31. For; Q’Jﬁ{ﬂlhs% 3R Ha/c tg}azgq%?tgsgsgé\'gégl e(ag{e ﬁe‘ﬁ%gr 1531¥1m1nat130é1/detectlon

systems 190, argUbaLies 37 REnkhRtd ﬁ&ﬁtth@ﬂlr@cftlchhﬁ thé sleplosvsamd théiknown
kKnown spatial rel afi onshi p between

spatial rlelaltmnsmplbemﬂedeﬂenmwbmn@mcenﬂ SBﬂemﬁ 8010] Figure 3
hows_a si de Vi ew f anot

t
[0010] syst eifeu. 3 L EN §1 BY éﬁ‘f‘bpganqth‘fr %?ﬂtt C&I (E?geci]f% g Hem 40.
In this e%ﬁﬁlglet A un%fe%]es?%lug %%‘? ﬁéeﬁ% %t@f’s@cﬁfetec‘ﬁoﬁl}ﬂaﬂer v eii'fﬂgtravehng
be collected via optics
in detec@bfl pﬂin'éelﬂtrﬁﬁly vt aon@ﬁé&mhmptléﬁ% and directed vica@flettor #Bite detector
exanpl e, detector 50 is interfaced with dete

50. In thisewempis, dtostor 7Huninerfagsd e th Aeieetsn Ekctinien e Meged above the
touch sq,rﬁqaﬁnp &:?%Pdet Sl‘rz?ﬁgetg?tgr % egé:cttﬁ[ ?x'i]ésCSSZ Rars 4 EOSE r8fectdNR may all

ito a bezel surroundi ng

be built$&toeehtzeBsurt Rdink sctéed gl ative conplexity of the
opti cal conponents used to emt and detect |ight,

can
0011 | ead Tis algpnsicoiplns gl hopptes coeperciy alﬁed {9 ¢ipit and detect

o csSt uo R B2 i ACR L R

exampl§ QHcpyé%e'P FRS/ ftn% ibe?lé% Lb)ré‘é f(g di%giﬁi ER g%ﬂ(&fé;l}& E?lglf)gffi’@g g6na¢, such as a

mobile ﬁhkﬁ{er af pésorad] tdegipil asshﬂamtr(BDAJ)e a l ow pr ofil e by having
t he emtters and receivers optic connect.e he IR
[0012] vee BROdSE Lif ot métr@mﬁp@pwo Brotife 2ovmaant Srmingthe
s
ermtterspefndf) rgp?wer% (g)&)??ﬂ%}ﬁ g&ﬁ}e vvav e@h&é’ 82 tﬁé‘ Efi eg)glFE’%ur@ 4,

touch-eRatl&d H@}éﬁglﬁ(ﬂ&ﬁn}ﬁ@es ih ZMS]XHIspEdyC@ M&M&@lded by applonalitieof transmit

an optic ath fromlight source 68, while receive
side wasqagiade/%é/b«’g’ldp @eswp stsieivewvegidep 66 c Aransaihsife vaepgwdpoprovide an

optical %gct ! oglggs%) rcfeo V\zlglegrr%%:%% s{d%%rgvte[gﬁlra%gb}oﬁaéjﬁq optical path to
detection electronics (ASIC) 70. Light from transmit side waveguides 64 forms a grid

o

pattern across display 62 which can be detected by electronics 70. An object’s location on
the detection plane can be determined based on interruptions or other disruptions in the
expected grid pattern. For example, source 68 may emit infrared or other light, and
interruption of the grid may result in a shadow that diminishes the light received at one or

more receive side waveguides 66.
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pattern across di splay 62 which can be detected by

el ectronics 70. An object's |ocation on the detection
w@bk@neoan be determ ned based on interrupti ONBCDUS2008/074749

ot her disruptions in the expected grid pattern. For

exanpl e, source 68 may emt infrared or other I|ight,

and interruption of the grid may result in a shadow

sy 12 SUTAEE e R p spved ot v ot T oo
position%ﬂ b%[b% e dﬁtée?l uf@%e She %@e@ﬁd%d@o@?iﬂ@m eXfly tPtHR]ouch-
posi t1oned bel ow t hé scree the wa

n-surface, egui des

enabledadlgplepsFoeadngnenhe xiavygiided ey bedichdaabd eetjudiesqarafyl handling.
For exanpl e, the wavegui des nmay be fragile and require
As anotberr eampleagh Phscveral easeniEes Bishbps eonngsie t%fthf‘s@\l}g?%reen at one

v i des be,conn e o.th . t .
ena andFETEAAAES D BB Gh S ST RE s e
assembHSdakpdiP endvB1eabidiRsa kadeapRIgré@i assenbly and
repair and may lead to a | ess durable product SUMVARY

[0014] Objects and advaBUMPMARY the present subject
wi || ar ent f‘o one of . or

. A S Tt T T
ordinargplg’lﬁg% él@eg %’g}%&ﬁ c&kng Q@Vi@fvodﬁféj@pﬁggﬁ%%% &ﬂd/b{‘ﬁractice of one

ct matter. I'n accordance w one
or moreddmbdligcaspfehsclaimédabpece seatter. subj ect matter, a | ow
profile touch display can feature%ta touch su
B

[0015] cor r eBipsheidagee withraae o) iaqre Sspechce 9e Pf%@nfoﬁ“i’iq%g%%%& low
tective. | - : i
profite B3P} S5bl4Y3ah 3l Y Push gL Rk ALy el FRLINE B of e

display SHk psBctERlaglér @t the dibplay.r avelletdvd or refiactdve member at one or
det ecti on planes above the touch surface to the
more edgges of thednudpsuréaseshn direct leght traeling wyons o aeke dateqigpplanes

i nhoJ e t .. The bulk of, t I [ :
svove BhER S TRE S BBl Rind Ll URPLOIh58s B pgpointor
aperturd@ THeA Y 0P IheC QR RI G ddRPHRYOF R dPhiRBEdREctidnesybRChre

surface, wmth only the refractive or reflective
positioneepaetialyasrdconiyseteki helawdheplany ofi fhertouctesurfape, witgtanly the
it e S g S ST e B T B avove
| . . . .
e LS LB E R ISKERR SRR AT i RD ion

is well duitet ret d&leadsaach bs alobéis phbsesa PrAsyand wihef Poritshle Eomputing
. exan‘g{ e, a touch detection system can include an
devicesifpt whichanmdgmplkdesice thickness is a priority.

[0016] For example, a touch detection system can include an illuminated bezel
positioned at an edge of a touch surface and configured to direct light along one or more
optical paths laying in a detection plane (or planes) above the plane of the touch surface. The
illuminated bezel may reflect, refract, or otherwise scatter light from one or more sources so
that light is directed towards an optical detection system. As mentioned above, the touch
surface may, for example, correspond to the surface of a display device or a protective
surface (e.g. transparent or semi-transparent glass, plastic, or other material) positioned over

the display device.
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positioned at an edge of a touch surface and

configured to direct light along one or nore optical
w@aiob®24784/i ng in a detection plane (or planes)prPabusm®os/ 074749

the plane of the touch surface. The illum nated beze

may reflect, refract, or otherwi se scatter light from

one or nore sources so that light is directed towards

an optical detection syste As nenti.oned abo

[0017] ¢ ouchIsUioaE Beieayon Psicra ampITier COmPESOHaDE 3! dhigetion system
position%.é rag Ql% ?crlée]; ofthd SR HEY ér?(fgﬁ{iaﬁ)é Bf %ﬁgfege\sfg beloW BeSlane of the

Sparent or sem anspar ent plastic,

touch su@face! ITak t&mi ebdlal) iP@shititonefdr ave vehecatlpsgitiaying of the optical
devi ce. [0017] The touch detection system can further

detectiop shpeinsislative 6p thecplpnaief the tounh sytace Anp B nacesrer ks kferal
... edge of the touch,syrface and partially or conpletely
posmon_kftg&g\)(/ett‘ﬁ ep‘?‘f&ﬁéogweﬁﬂ‘éc %ﬁ%?e‘_surf ace. The term "bel ow'
[0018] IS MEANEnd & MEfddgk®of R t¥&dH diflce 108 's%ét@ﬂﬁ' daf iedluddrgn optical
optical detection systemrelative to the plane of the

assemblyauedndéng dmoe thaplane of thedesstasurfaceisb 9s taingeragctpod thealgtection
relative to the edges of the touch. surface. [0018 t
plane(s)oethghe Apfiga] @agsadlyLon e o AT ieB o %Oéfgﬂ?t]f B dgrpaths)
il ' i Do, | ane
i LA AL L BRI s o e
[0019] det eclni sofepdraalisentsyibichlltufénaoat bezal isdHemirted by an illumination

configured to direct light from an opti cal patt}1 (_ﬁr o
source [eattiesed lablgesigariialbheelewttbe plaga op theneush pyyfagge The illumination

B R S A

rturédhdBftd Ad SPRRRPAANyRRUA FI% BQEEHInosIese.at | east
apertt parti all yy%fzal ogv t hg %I ane of thépf?ouch surface. The

[0020] i | | urf reaitl luomnatonr soereeanap be posifioged dangydelthealetedtioght

t owar i.cal . nmbly th i nhol t
e e L ST o LR AP DB SRR
illurninz{n?)g?v% Ihgé%%trr}]ele&gf@apé’stséﬁﬁlysﬁgf 8eiVBY 1P BRfhdd RBRGhe touch area,

al ongsi etect1on’conponents of the optical
with thedahecéptioal sssindiy fehnysmrightnyy erthe tietettorsplane fiprnothedeurce. In
illumnation via the sanme optical .assenbly t

hat .
such embedinens the gminatedbsael wpspilediaeliael AT a‘ihéévylsaﬁwef fight

optical as ly relaying light up to the
towardsi@?ggtte?%?ﬁ %?r%%ﬁe?xggm the source. In such enbodi nents,
[0021] t he ifhweidratnestheabodimRnisefHeantminlonaotirceqhay be located at a
otherw se scatter light towards the detection

different bieptoenn en cfleo of therowdhyarface anddiveet leght dlaronelh e inhae aperture
having tihle lsgrrnﬁe g?ztei a3 the first %?nh%?é/ apkt)a(le”tulrg Cﬂlee 8in?1toleaaperture can lead to a second
optical assembly positioned at an edge of the touch surface and extending above the plane of
the touch surface so as to intersect with the detection plane. Light can be directed up into the
second optical assembly, across the touch area, into the first optical assembly, and then into
the optical detection system.

[0022] In certain embodiments, the optical assembly or assemblies extend above the
plane of the touch surface by a height approximately equal to the diameter of the pinhole

aperture(s). For example, if the pinhole aperture is circular, the diameter can refer to the

5
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di fferent |ocation on an edge of the touch surface and
direct light through a pinhol e aperture having the

WG 2008/02478€ as the first pinhole aperture. The pimiisioes/ 074749
aperture can lead to a second optical assenbly
positioned at an edge of the touch surface and
ext endi ng above the plane of the touch surface so as

to intersect with the detectio | ane. Li h can b
diametegof s sl s RGBT or @am%%r r 1 ieliggonal of

o AP L P00 BB

opening@bhairéd gHR A lﬁ‘ﬁrthét,pa%ﬂﬁ tRfluLE ahe mﬁi@l Iy e embodiments, the
assenbl i es extend above the plane of the touch surfa

pmholebzpeaumlgmtes@bﬁmbmt@ﬂ i @rqarmromaﬂaﬁ%é Ogfl @ﬁttaéthow P

R he 'a{l: 1?: meant to convey

diametei Sliibe (e rabTRrials AR, RN P

that thetv'ar%%' @w igfyy & d¥eme btraﬁa'devah% tinfs tal ? ro@@@ﬁﬁe ), 5$nm includes 0.5
uar e, e dianmeter can refér to e dia onal of the

mm £0 3 quﬁr Em}MlJar gpegney @inl haye bier dhapestie ptheanmbedienents t he
100231 | | ne. THqPgRe SEder OB Re OHE LEE FrTEy 1o Plafe extending
throughesg;gg?ﬂgg b i$hin LR Iafgar g&@@s@hﬁ&setodtfl@ ﬂgt@F the ko subRce. For

or "appr oxi nat e gh ot her

exampléli tAERIL65the eoUldh saefaus edh casesppid apthicadeof dsplagedreen or a
herein, "approximately" is nmeant to convey t hat the

protectlvaﬂfu@r pesitipeed sbovedboflispley sstesh &y sgF GabOdiTpents.

00241 2P LTRSS OB o R Rkt

second EiQthﬁ)’«ln Feem Ehﬁ‘ﬁ@ p@§1tlbﬁ'&i a‘it%céi'igé Wri@c®uch §u1fﬂ§&danﬂQ:0nﬁgured to
refer generally to a plane extending through space

receive ligat dirsdtedtawdrti¢hd sagohd deteatiorc SMSt%B mmfd $econ pﬁéﬂoﬂ%ﬁpf@fme
t he touch surface. For ex

Dependits padie Ca EBBRIRBENIUh REShop G Sely Giabf gpbly wit
appropﬁatp %ﬁﬁﬁg&%ﬁﬁl caa}‘lq{e LQQ?E &ﬁﬂ@%ﬁq@fﬁe tBeGiveRlcBettidh s9QBms, or

i ments I'tiple detection systens

each deC@ﬂoﬁ@ ste@tan festorea sopanmé ommnéspondmg opkiaalpdsesmblyseeangng above
detectlon system can be positioned at an edge of the
the toughowefacgur f ace and configured to receive light directed

[0025] L?mggg&ggg} frggntgg%g fch ] %% agzesa{sﬁ Q] \é%cﬁ'?ﬁb Er%cfé%jce ingerfaced with

the detefchsn %9&4% daleetisARd T¥afigifed 3o dblgthmeqlotatidn as;smrm Iay object
h appropriate characteristics can be used to rout

has 1ntelrseg’rﬂd the deteetioeplane based atedase eplderted/ Sperihe delechar ﬁystem(S) For
rres

e B B SRR S B AR Sy AP PR Baaono
light in the detection plane(s), such as by detecting variances in illumination intensity (e.g.
illumination intensity increases and/or shadows). As one particular example, the
“triangulation principle” may be used to determine an object’s location relative to the touch
surface area.

[0026] One or more display systems can be included, the display system(s) having a

surface positioned parallel to or corresponding the touch surface. For example, an LCD or

other type of display can comprise the touch surface. The display systems can, in some
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[ 0025] Sone enbodi nents can include at |east one

conputing device interfaced with the detection system
woroosyst7ens and configured to determ ne a | ocap@DUSBNS/074749

whi ch an object has intersected the detection plane

based on data collected fromthe detection systen(s).

For exanple, location may be determ ned based on the

.object's disturbance of the propagation.of |ight. in
embodiPRES e BT AnDEs) a8t s oy naelenice: i Dinglicthe
in nat i : L " o : i .
compuch e LA AR QT (kgL DA TR,
provide ta8ucH-énabdglifiigpla® Hormuseria iopbmtingalye tempaaty davickét)er mi ne
an object's location relative to the touch surface

area. [0026BREHE DESGRIPIIANSGF WHE A

be
i nclu t he displ syst ent s) Vi I -~
[0027] posi t‘ig 3@%&“@5?%@&&%0 o%:ge @g%&é%%ﬁ | ntg agofgﬁagﬁcmg the
append W1 §id%Ean dFdifecRHABRING of BRdikéd <Rill Bf thefartliy et fofthdhsiplpayticularly
can conprise the touch surface. The display systens

in the revaminddrof singeetiodiineriths, speeificatien akesirafénence tecthafollowing

| east one conputing. devjce. Accordi ngly.,. t computin
appendegel ey 85 WIS BS5r L ACHF BRCTise TS i) (fFer iR 4 itéhaed to
- ' In% an provide a touch-enabl ed
111ustrat§l}’1§%?g§ﬂpg$cgl&§% I'n S%tg'r ating the conputing device(s).
[0028] BRI EFFipmSCRIsRIdi6Ra@h 1 TkiEatDigAN e¥eEnileg2atjorArf lilumisatibn and

~enabling disclosure including the_ best node of

detectiop sugtemcvhigh i hposiperadadeve p4Pvah WHECE rected to one of

or di nar ill.in th ti1<) . : - o
00291 2% MK b Bl B SEler BBh i
employéﬁ"'i% @@%ﬁb?ti@ﬁbﬁt@?stﬂﬁkﬁs_ reference to the follow ng

appended figures, in which use of |ike reference

[0030] nurerEigsrei Jusdi dipgaanilupsating asoptical frushgpsieroncluding detection

illustrate |ike or_ anal ogous co nents: 0 Figure
componis g5V ekt P e ch A SRS B9 BFRAr T 1

i1 ung;patel 210818 At Bn Sy S b WhLES IS wRRS illiAmedion and
[0031] abovreplg&:eo‘ﬁ%?]&sur}?@ce; [0029] Figure 2 is a diagram
detectiogeoripahénts iatd pstitiatedrbghtriden touick sgfbet thoughrise off plageguide

enpl oyed in various prior art systens; [0030] Figure 3
structurgss a diagramillustrating an optical touch system

[0032] | nl Ltqlg{l]l% Sdl%taﬁcﬁgér(ﬁﬂl 1 ﬁ?@&ﬂ?g;gtr?e)?ebxgﬁrﬂ?rf 3% ﬂ%ﬁ?&ffgggﬂ ilftection

pl ane PR another-exenplary prio system ;
system ddcBtifg fo GRNEhekd dfitheiples@iteabjeoempttérgr art sol ution

in which illumnation and _
[0033] Figure 6 shows a portion of the exemplary low profile touch detection system
shown in Figure 5 in closer detail;
[0034] Figure 7 shows a portion of another exemplary low profile touch detection
system according to some aspects of the present subject matter; and
[0035] Figure 8 is a block diagram illustrating an exemplary touch panel display
system as interfaced with an exemplary computing device according to some aspects of the

present subject matter.
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detecti on conponents are positioned behind a touch

surface through use of wavegui de structures; [0032]
woe@une97b4 i s a diagramillustrating an exenpl apgT/US208/074749

profile touch detection system according to sone

aspects of the present subject matter; [0033] Figure 6

shows a portion of the exenplary |low profile touch

det ecti on system [ i 0. closer detail;

[0034] Figure 7 sﬁm%ﬁ%ﬁg&@ﬁ)t her exenpl ary
[0036] | ow %foefépge LI GRWASE 8584 ANISYS IEPARK A NG iafive @RBmplary

aspects of the present subject matter; and [ 0035]
embodifriegtsragd o itise accbhmpakyidp algaveimgs,| Witls tikenimgrasnrexesepting y

h . : :
substantstbuigBechl Sttt LECAESHIEIAS DT 1B Sepaf eplanation,
of the,present ..subject . TAlL .
B e L L

variatioAéhrthd ShAawitheutdipliay fro@nhe dédpRirspaitthiithe tRelosure and
acconpanyi ng drawi ngs, with like nunerals representing

claims. Eabisanté, dbatyrasddnstiated orsdasarbest 28 past efheire enbaeligignt may be used

o sSSP ST O B
instant %Ettqﬁﬁfré it dd@desTROU it SR HsQRA vaRehi Y@y 4sdon®NwitRANthE 8cSFRASE the

i thout departing fromthe scope or spirit of the
appendddi dainsssandethamm@quivalemts. For i nstance, features

illustrated descri bed t of di
[0037] e UoEAIMEIE BN LNBIECEh Dot SREAPITY ¥ G T6CH e PPELBY e figured
in accorfiRA AT Bhe of Héfe atdeclshrft BROGH shBRL: blfte! BShawh In tris

exampl&; QIEIIMmidH bével 82 apectolighhomppenaeth gbag opticdgattseddrand 90
~ equivalents. [0037] Turning nowto Figure 5, an .
which ligxe dpteatign pbeh ab@teet@wlbwrgqﬂg@émmek%% 4yl Bhupigated in any

. accordance W th,one or nor pect .
sultablesynaéj aewﬁﬁlgq F%tleg ibgﬂ)% o'(gA‘ﬁ ﬁ?qsﬁra?eﬁi, ﬁougfé gﬁ{jf'fléeéqg% ﬁﬁ%%&% with the
face bl HiplaasednhezRla 1RAidERBE QishiGNL D) ks dUk6 R b8Ginderstood that
surtace al ongagptfcal patahgﬁléS gﬁd QBSb\Kﬁir(%h )Iﬁiae i n detect inoﬁrs oos e
in somepnsresmatisyeutio satfaci4 mep b8 aboBethelacBl surfrdsenf a display, such as
illum nated i sui tab s will be noted

when a gy BIRS 1%‘3‘?‘#%5‘%? éHffa?"oﬁllﬁtﬁ\é\gM%’pe 84 intersects

o1 2 1 U665 ol s ) i bt pic
paths such as 88 and 90. Optical detection system 92 in this example comprises lens 98,
detector 99, and related electronics. For instance, detector 99 may comprise a CMOS or
other suitable light detector interfaced with an ASIC or other suitable circuitry to filter or
otherwise process the output of detector 99. Of course, any suitable detection technology
appropriate for detecting light from source 86 can be used. Further, although lens 98 is
shown in this example for purposes of clarity, more complex optics may be used, including
additional lenses, filters, and/or other suitable components.

[0039] Light traveling along optical paths 88 and 90 is directed into detection system
92 via a pinhole aperture 96 having a diameter d, which may be viewed in closer detail in

Figure 6. Although in this example pinhole aperture 96 is round and its size is expressed as a

8
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i n sonme enbodi nents, touch surface 84 may be above the
actual surface of a display, such as when a covering

wo s000nzd7eded on the surface of the display. [O0P8B1S2008/074749
Optical detection system 92 is operative to detect
light traveling in optical paths such as 88 and 90.
Optical detection system92 in this exanple conprises
| ens 98, detector 99, and rel ated. el ectr.oni c

diameter s s TR S0186 € 9611 BRYESHAIOF B CARIS B THER Gy have other
suitable | i i i |
shapes: 3 i ey LG Alerfiib LG Pl WPURIEREES il 1bflsTrdia obro8lde to the other

of the ap¥rAf€Ssasting trsuphtheddentiet ector 99. O course, any
sui tabl e detection technol ogy appropriate for

[0040] det ecOpticpl hssgmbly Pdns sesitieredss ab gdeeef tpeh surfaee $band acts to

) .al though ens 98 |s..sho i t hi |
ot 340 B9 B B P AP SRl o 0o0RES

| i onRl ' 1t Gt imatel
st 4 BIORRLbTBRIED i eetio SR bl cqutanppyinat

at hs
equal to3Be divnder d of ginhelet apdrturt 26. dBereinstanee, siarnesen @ fand fgu&the profile
) pi nhol e aperture 96 having .a dia er d, which b
height ofjopfiedl asprrably iy teast ks PR PXimaiRlY 5'-3 %mnm ff%%f‘gﬁﬂf’a@%rﬁng&
exanpj_e. pi t S ] | it§ direct ligh
o0s1) S5rBLEBHPLErAREELLR O Spheyf QU BpBlsRdta dct i

using réfaclioRENURReY, st fedfdcbiel 1 of theakendiigvdnes aathe loatside toward the
ot her shapes; in such cases, its dianeter or si

\ 1 ze
touch detoctiah ared.erhiloa seronddnestF.0oRs bofe ISEHeen e ish BB Fraprters the

of the apertur assknNg~t hr oy : e - :
asem Qg5 SRt BRSO 2phF PG oGS SRRE ins
from faS4Ha6e 184n@Rfteal s, sulfdtd® Chuls gpfical decone spsteri®Rean be

detection planes towards pinhole aperture 96. Optica

positiored st kdakypBtialéx belowsthalpbane af éoeth wotabadé 84 to a
0621 G OB TS R s o
o5y (1, Ko ADRORANAR gttt e

detecticRNyo@inENtssdepi OH 4 ertitegXmipl ehoplafé gfiteesh Suefack 4. The relative
optical assenbly 94 is configured to direct |

I.ght

distance bgtigen pihats arsrturaBerang optcal japssmbly ddcagvaph if fleme

.ass ly 94 faces. on h ' uch
R LT T
[0043] Li Ght FRRELT iduh fisetidréo ot ckb@phss estrhydetsntion system 180 as

directed out of facet FI. Due to refraction the |
viewed di crs$ samtionf Thitihexampleebptingl flieteatiomexsterrd 92 ¢s ppsitignegd

vice versa, is _.altered. Thys, optical, deftectio 3
complelshy belRvHR ST HSH. sty Bz Siap P REFHIeS 8 FiElhes 5-6.
optical BLBOGPLy st § 92 SHIbASE $ens (198) and detector (199). In this example,
optical assembly 194 comprises a first facet F1 facing toward the detection area and a second
facet F2 partially facing away from the detection area. In this example, facet F2 is
configured to reflect rays traveling in optical paths 88 and 90 downward through pinhole
aperture 196. This facilitates placement of optical detector assembly 192 completely below

touch surface 184. Optical assembly 194 extends above touch surface 184 to a profile height
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[0042] In Figure 5, optical detection system92 is
positioned outside the edges of touch surface 84 and
w@arwizd7by bel ow the plane of touch surface 84pCTis1088/074749

in Figure 6 detection system92 is depicted as

entirely below the plane of touch surface 84. The

reiatlre dingPce bet ween pi nhol e aperture 96 and

opti cal. asse 94 can vary; dn [ { ~
P equal G GHERY FA A S epEed iRt SR e ST AoBE Aot bove, n
some en{b%gﬂﬁ%ntg,' O Rudl bSappPortihlabdy €§éd1 @9 03f manot her

exenplary touch detection system 180 as viewed in
[0044] crosg$naegeian, ad optidal sssexdbipB, 94O cal compEse pyhsuitable

~ system 192 i s positioned conpletely bel . .
mmteria i FREERAI3 80T BPIFr T T CEYPEBRFY T CHR SIS Apfegyli plastcs

Fi S.5: 3 . i m 192 conpri se
cnto ) ur o Bl SRR PIRERT, 10 o o @
[0045] OPti Gakurassiealycklidgramilusgesngard exenplhaceuck detection system
facing toward the detection area and.a secon acet F
280 as igarfhéeal toyanfexemmiprahaspLay M ek genBRHTHACAFea0! Ihageprdance

i TR TR R BT L oA 0 P,

function@h? QBhﬁe@@@f&u‘éﬁ Qcrk8B systBin 0026V hhtdadifsarl/ @oeirelRts afnnections.
optical detector assenbly 192 conpl etely bel ow touc

h
Computigy ?m A4maPpe iangsuidahie nomputiogdesies e udBEy But e dFnited to a
surface 184 to, a profile hei ghtP al or
process i 57 ARG 1B 4BAIPPTSGN RS Ao £ SHDUOP ST pHIGHch handheld
aper.tur . . . ;
computelzrsg g%rlég aléd?&g%’é?s&%?}rlm 1 ,\élgddgdl:taﬂtaggﬁg? g@lmmi!;lﬁﬂt[%%i}tg]ﬁe,l eﬂpager, a
video gy d&¥Medtetc. aMh&ptand althasgsostlf\pr82ss@4iriveadleyess will be apparent
POWEF'SG any suitable material or materials. For
to thosejof skidhinghe pH. evised ibgus HSRYSI0N, 16 CHRHBISEESOR can refer to any

s o B PEIFLRSRAERLP R AR SE oy Bt ko

device. bl ock diagramillustrating an exenplary touch
detection system 280 as interfaced to an exenpl ar
[0046] di spl Ggmpsingdeyice 20hpayiingude Prexanple; hPLEEHPH %ﬁ%eﬂ system

e SRS SRR PSR
memor}é ONER girtzﬁes'?gr%g fRBLOO(DIY) it 998 a&d @{)B@Hrﬁ inteifhed EsBponents

onriecttons.” uting device 201 may be any suitable
206 mag BEPudtdEalle vhmectddndh adisigm tnust208otTHei sybteatiinterfage components

_dri -

206 ma, At TeoPORESSPT 208 1 MBNGCE G Tk BFPUEeiediiay FoF exdple, a
igital sist : Wl

storage ggﬁgg Hbtﬁ@?ce aﬁpog%télrérg%i 821&@5%%% ﬂ(lgg%i@g él%’ %Iﬁgééskﬁ] 2226 and a

storage ABGicO LN (re¥R@Bletindpsramasaiovdblcy,anchley b disk dritd. dactwork

interfacg gqgr;gg also be provided as an interface between the processor 202 and a network
communications device (not shown), so that the computing device 201 can be connected to a
network.

[0047] A display screen interface 214 can provide an interface between the processor
202 and display device 250. For instance, interface 214 may provide data in a suitable

format for rendering by display device 250. Although not illustrated, computing device 201
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to those of skill in the art. As used in this

di scussion, the term "processor" can refer to any type
wobkoopomgsammabl e | ogi ¢ device, including a PCT/US2008/074749

m croprocessor or any other type of sim/lar device.

[ 0046] Conputing device 201 may include, for exanple,

a processor 202, a system mermry 204, and vari ous

oo B0 S EACRERL Ayl B B e
computﬁ‘%n&etv‘? foe a(ﬂ n@éﬁ‘steg @cegﬁﬁf {e{i’éﬁloﬁg Pﬁma%e %Q@srﬁﬁéﬁoﬁ @nd reception

nnected vi a yst

comporNE @ay béﬂirﬁﬂLﬁLMe AOaonEixamplo cﬁm}ou’em@klé‘ecd: E@l may include
processor 202 to communi cate with peripheral deV|ces

networking cemaﬁmrés agnefed abeje, gedh aa fadie %%@@f:(t?%lé{ﬁf or
terf b
commu BB B BB AL R PSS s SRR oS e

g02.11.8uch as a disk drive. A network interface 212 may also

be provided as an interface between the processor
[0048] and aImt&atwmampi@rtmmh waednck) id betaded(hoe @ﬁ@ﬁnﬁ)%?séﬁ and 254.

R
touch s@"i’cfr’c\é'i%% eV| e 2%8&1%’9_%% 1esn b5 JAH9%ES $A wadkoed dbove, touch

i splay I’'nstance, interface 214 may

surface P8O vhalecatassponditoaths witersliefadecooidisplap 250 endeyicogresgond to the
di spl ay device 250. Although not illuy

outer sustp et arpgot@@tWt‘c@atzo@hﬁWlmq% iselay BB gl&’gé}&b &t grample
the touc%I ﬁ%%%{nel% Srtf leé o &g%c% écll“g s o FREivE mle%ﬂﬁé fiisplay area, in

evi ce s a cellular tel ephone,

other erfBOIiRRtAHR §y"s@ﬁ§ﬁ‘ia§$)|e%eﬁd’ﬂﬂ'e 16 defeti anotgecopesiticn rative to
be included. "As anof her exanple, conputing device 201

onlyapmlyoﬁthckiwpbiyrmftmr ki ng conponents as noted above, such

diot f ] ' '
0 2, AR B s s o
282B p@ﬁﬁ&?} g e bEEEN8B5tidal EetekggﬁfﬁlsehiblﬂeBQ%R)éﬁHm%B ositioned
screen 250 1s bounded by edges 25 1, 252 3,
along edwel2 2b4SinEesolrnas 282cand @stebbés 2yarbat 1f@etcpamalﬂ>y b@lem touch

e S8 e SE0- it NS e S U
optical gs%émb’ﬁgs A %8{1 2@63 & Show P ?‘ﬁ)’ﬂg %Hgé %?283 gcﬁ'%‘élagﬁ%g 11%ht from sources

orrespo e ou er sur
282 to SRIchESARNF érie drhBoRUlctéctiduplare abbvatquchsedace/284, whlle optical

assembg;sggéailg lam? 832]& Ia?ens?h%vx?nnalgilg gllgey 25245?or reAllaglllglguhggl%t Ifrnom I‘gllle detection
plane(s) to detection assemblies 292.

[0050] One or more input/output ("I/O") port interfaces 216 may be provided as an
interface between the processor 202 and various input and/or output devices. For example,
the detection assemblies 292 or other suitable components of the touch screen system may be
connected to the computing device 201 via an input port and may provide input signals to the

processor 202 via an input port interface 216. Similarly, the light sources 282 of the touch

screen system may be connected to the computing device 201 by way of an output port and

11
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the touch screen is enabled to detect an object's

position relative to the entire display area, in other
wendodaTent s, the system may be operative to detBUE20881074749

object's position relative to only a part of the

di splay area. [0049] In any event, Figure 8 further

illustrates a plurality of |ight sources 282A and 282B

positioned at edge 252 and optical, detecti
may recRS GBI SLETATAR ST B BOBHIIEE SHGIFVE] T LI EeTBdhe processor

. Sin d assenblies 292 are at | east
202 via grogl?péﬁ%hggﬁﬁvg %ﬁ(gh surface 284, sources 282 and
[0051] assenilnuashe? 92 pgearh nhadkill¢saxhey be stopdihint thensydtemtrhérsory 204
exanpl e, optical assenblies 286A and_ 286B ar shovxin
and/or aalysiberaggrwurgxeadable sledip asg0¢iptgA titty @ﬁwsgﬁ%&%‘g@’l% kg2

. i cal ths. i t j. |
o B A B A Rt
may inchRfBIPE R SNy RO 07 EURE prortarh QRodidésAby 8lsbiigdlidd aom

the detection’plane(s) to detection assenblies 292.
informali6A 5§plBnerogranmorodulendiht ¢aupmiting compwey-epetutable instructions for
. interfaces 216 nmay bhe provi.ded as an,interface bet n
displayipR&BEGRELHr BORHAN DA GHSeY AL A I doRae o e
exemplﬂ’?ve'n?o%%imgrﬂ% of ¥V EntiddRad ?E ehlHoaRdas 2851 &SectOdorfiol
ot her suitabl'e conponents ©of the touch screen system
progranifodai ZXInfoe comttolling theereogp sdtirogy 28vdncléoratectoraassgmblies 292

i nput port and may provide input signals to the,
and/or fpr edlewlabrg HOEhJPGRtigns pRpdisceras infrragtonciatey gelative to the touch

imlarly,..the |ight r . .touch screen
screen 23;933(&8?&5 ﬂ%?g%lesgg%neeéjt%g&ttgg? ﬁé@ég%sg | Erﬁlgg'devi ce 201 by
[0052] WaY Ofy RhcdHibddimRatst a BVIMEt {sdaeluied ttpetoringsinse or all of
(e.g. illumnation timng and | evel controls) fromthe

the funqivnekiysscritgPtotha Tanclo BeptCqnsiol pragranfraedule 2], pgasknown in

e TR 1 S B A o TS B LA v
ﬁlterin%:g?‘ﬂgasgl?@ziﬂg,'r iﬂ{/d:t?iaggﬁlgﬁ&? en bR BN bELardl thleohfroDthe 2

ot herwi se accessi ble by conputing
modulati€y hedo2Other cHdrectprigigs aflightsduesesZd?. i Tiel DYR vait 205 may include
operating system 217. The program nodul

| 2 may .al so
a series of N SaFMA ST o At SHer apd a@ﬂﬂﬁ%faﬁﬁf%mlﬁ%%ﬁéd2?3°ﬁwafe- The

risi ter- i ' . . .
pse 0BG IR AL G REY AN ML) RS g isceming
other inE$4& R chabhctdplshies adlkmest & Of arhe exenpl ary enbodi ment s

of the invention may be enbodied in a touch screen

[0053] cont rBhe progggsandbdiiiieh amy tecrongioHed by Ithqgparadng sty 217, can

ources 28 nd/ or detecto ssenbl.i es .
be conﬁsguredC 10 execu e?he compu er-execu%ab?e mstructions o%%l%e various program

modules. Methods in accordance with one or more aspects of the present subject matter may
be carried out due to execution of such instructions. Furthermore, the images or other
information displayed by the information display program module 219 may be stored in one
or more information data files 223, which may be stored on any computer readable medium
associated with the computing device 201.

[0054] As discussed above, when a user touches on or near the touch screen 250, a

variation will occur in the intensity of the energy beams that are directed across the surface
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and/ or for calculating touch |ocations and discerning

interaction states relative to the touch screen 250
whamed290m si gnal s recei ved fromthe detector PCT/US2008/074749

assenblies. [0052] In sonme enbodiments, a DSP unit is

i ncluded for performng sonme or all of the

functionality ascribed to the Touch Panel Contr ol

dul e 22
o BSR B  ART  E1
conﬁgufe% té nLng oﬁ{eg{%@‘ 8% ﬂq% efnbgtﬁéiagtglrgﬁgétg% g@?ﬁgﬂetvgi%? rs%elmélred across
the surfadteofiié 'tthﬂ‘lhl soreeatdhand shbld behansitiveenatghds defect vgiwtions in

such intepsifyh ?I;grisn‘%@@g Eégngksﬁprggglgedfh%sﬁlga ﬂételcg’gi !&ggeg?]?g’&ﬁ §I9I 23R other
d ft .
o T B8 P50 129, o o201

determih® 8 BTGt kGBI Blafide & MRMtondH RE@ELATI Computing device 201
characteristics as known in the art. [0053] The

may alsprdetesisor the @@propmaterrea;uylsbeo e eovtohotn @rcnqu tqugh screen 250.
operating system can, be confi gy grto execut.e

[0055] conpulPeiccesderts ¥ éomémpu‘?:‘?‘?r&ﬁt&f&f %Fhr ector i3€mblies
may be @Dﬁg&gs n@fg)sléle%s%d b%gﬁ@ Qgtﬁghﬁh QS@\%@@@P% Mbﬁﬁ‘oroﬂﬁé t@¥ical intensity

present Subject matter may be
level ofah¢ ehegy buimeldizedtod eboaguhé detectiomsplahe(Enehewno itaued. is present

Furt hernore, the images or other_ information.djs
This allpys tlkeesyiskeie ineaaoynt @rasaadéberﬁbﬁ GFBIP tetietoas C%&eﬁ &t fmbient
light le\%&ﬁ %I’HP % onglgpg?gln?mtg%ﬂsgg(;d’ t ng]%%e?addlaxgzﬁz éeg?all Increase or

decreas@%?eol%’te%"sﬁ OY"tHel"brfe\l‘;%f AR rhit@d %@'\'thé HgRburde8 @32] ashseeded.
di scussed” above en a user touches on or near

t he
Subseqmmmkyhxfsacvae@mloam theainteasityof the aniergy kreeuis datected by the detector

assembligh, SR A G IE P GBR T i O e f ARFa ronch
has occﬁix%(fﬁﬁ 'opﬁeﬁl tﬁ@ﬁﬁxchg%eﬁ@g@ﬁ or assenblies 292 are

configured to detect the intensity of the ener beans
[0056] r ef | eEhelbcatiombhetaicheelating teethedrecoidesch me@u%(h@@}’@ﬁ
the touch screen 250, and shoul d be se(ﬁ%ltlve

determiged. et CXRPIaL POPISCP I IBETIREAIPES) e P@r%ﬁb SBfeER akRmby
292 andZQeg 3l Og_pl%lgrc %rc? h&o%ttﬁ%fxgﬁlaﬁ&? REGOPT

onen he tou creen ay ‘system

illustrat{By t}téecdiﬁ];ﬁﬁn@’ddvﬁ'@ piiolyizlo) s td&@l@ﬁﬁf(ﬁﬁlaﬁﬁﬂ ﬁtoﬁm dadhedateater assembly
the | ocation of the touch rel atlve to the touch screen

292 thap&m, beGesegue idaptidis thecroston ofep 2P of weteased pleddigased energy

beam ng%&rétgﬁglég@e t<{ %%é{é q%ﬁ(grgaég%%l‘tglg; Iglgleamo?e{;ao@go%ngché Qllé%rbf decreased
energy bR GIBAGALRASe t6Rhdh ddt&Tor £18ekiBlyoRh P be AskeiMirlddas relation to the

coordinates of one or more pixels, or virtual pixels, of screen 250. The location of the area

of increased or decreased energy beam intensity relative to each detector may then be
triangulated, based on the geometry between the detector assemblies 292 to determine the
actual location of the touch relative to the touch screen 250.

[0057] Any such calculations to determine touch location and/or interaction state can

include algorithms to compensate for discrepancies (e.g., lens distortions, ambient
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may be periodically processed by the conputing device

201 to nonitor the typical intensity level of the
wenmvgybeans directed al ong the detection pl aPerl/8%$2008/074749

when no touch is present. This allows the systemto

account for, and thereby reduce the effects of,

changes in anbient |ight |evels and ot her anbi ent

~conditions. Conputing device 201 nmay .qptignall
conditionlamge topr HERHRSERRAN? Fﬂ%&ﬁmeyn 300105 9t é?%%?eé Suiface,
.t by the |ight sources 282, as needed.
etc.), as%%lté(%ggeént ly, if a variation in the intensity of the
[0058] ener gbhelBedfionk Snd @lsdeedf dnihetideionctaar28assptidal aessmblies 286
the conputing device 201 can process this jnformation
and 2941 andadatedton arsemhkies 202 mUdiBuIeaS ars deUPwPassPIsKamply oflhe For

. touch screen.250. .[0056] The | ocation of. .

instancey G105 P V(G TRHB4HER 01 p s PR g g hssermblies 286

could bed@&8" BTy htire 8X 8P RictdYorRsQGAINIRs192i AMiVoRREb&Hing optical
recelved fromeach detector assenbly 292 and

assembljge2Bdrcouikibecomsedor nore wel | - known triangul ati on
calculations, By way of .illustration, the conputing. .
[0059] devi dior SAMRley AN R LS RE HAREIGITS 16 SN ENar B  erid
S ' il lole/ af r8OSId i ON
across t}gef (ﬁgﬁgg)réléég%f &SF&?%? gg@%@ ?8 rlf%lg%girngggg ?meﬂr? er F b é am
correspandirgnstéiyingepiahole @ptauesconfigired todires dighblywn Theptical
~location of the area of decreased energy beam )
detection asseribiliey. Fer geadkeselytioncysveral RyopaBs aHErss anghcopresponding
ned il'a relation to the coordi nates of one or

. det erni
detecuo%f‘sgrrﬁhfggpg‘} SF WPt ual pixels, of screen 250. The

[0060] | ocatrh QBmelenittRiRERS, afhel HheBsR6ete VptidgicdseanbliesIeiAgynd 294B,
beamintensity relative to each detector may then be

a contintousarygich bassembhasabegprovided glmgeanred s ewith dhe detector assemblies

s eSS0 SO e 9 1 CELEETe LS FHA s
Similarl%,SzpcoﬂthQéﬁl optidal 38ehbERb 86 ket MR sk irgs&ﬁlﬁﬁ'&tﬁﬁl WK eMltiple

ocat1on and/or interaction state can include
sources 28gorithnms to conpensate for discrepancies (e.g., lens
di stortions, anbientconditjons, danmage

[0061] | rpedh FERIS cOmdHECR G BHICS L FBE LT A BpRieteciRlcapagmblics and
illuminaglﬁléfsﬁﬁrre%se grtegl%s)acli.l ?’& AR l L& aabcﬁe%ect&rogg%gw]&gglti?@gpé A Fnination

umnat én sources

sources 828 Alhing& 288 oddTibciR4hatavainskethe tight torisspoiht dPsiga2 Sea, for
Figure 8 are for fur poses of exanple only. For

instancej Hs3.dtatant Nep 1663 (@548 viarsurh punbpaisnanss theosAteeepties agyenbly and
poe S5 S2 S8, 2B1 8l PERSFBE 7 S8R aBegifthgoss e
detectioft BlAn8SRQ KNG rRR kétEG b lected light.

[0062] The above examples referred to various illumination sources and it should be
understood that any suitable radiation source can be used. For instance, light emitting diodes
(LEDs) may be used to generate infrared (IR) radiation that is directed over one or more
optical paths in the detection plane. However, other portions of the EM spectrum or even
other types of energy may be used as applicable with appropriate sources, detection systems,

and optical (or other) units that redirect the energy to and from the detection plane.
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assenblies 294 could be used. [0059] For exanpl e,
rat her than using triangul ation, the system may
we@sdoabtdi7eh a grid across the display surface uBCTIgSE08/074749
plurality of illum nation pinhole apertures and
correspondi ng receiving pinhole apertures configured
Lo diregt Iigrt down to optical detection assenblies.
or good resol ution, several illumnatign source nd
[0063] cor r GO CRRAEIBRPIES S5t PTSENED i Hieoniig g7 a Wlich-
enabled[cgﬁﬁg)l. HBweO8E iSO (Rl Rood Aahek gfrﬂx@ﬁalé’si &iSE18E& herein could be
opt’l cal assenbfles 294A and 294B, conti nuous optica
applied @sseftbthy absencbef prdwpldesrednonherathe pdgitionwiftan abjest relative to an
~ detector assenblies 292 and correspondi ng pi nhol e
area is tgpertragked | ocated al ong the edge at different

| ocatfons. . Si.mil.arl y. ti i ; -
L e T
hardwareSZehildeffd br bonfe@irhBom AFhadnoRdtaovet ¢aaputity device can include

conprising both detector assenblies and illum nation

any suitsblgracesgamentafedmpooents tatpnede a refeHtcongitionsd Omng or more

. i nclude .illum [ . i '
TP T R SR ST P -
systems?e{?'cgéusgw secf\‘%g C?_t)ﬁ()vaké] %h@ﬁl%@ applicatioRabeditic MregfutctPbeir 488 and other

. iments, the sane optical assenbly and
progranghaible l€ziepaidt conebinationd thereof échytswitrlblatpeogriaghningy sampting, or
illum nation sources and _across the, detecti.on_pl ane .
other typpaf knguageear rombiagiionser|latauages mgnbe UpesbeImPHEcfRg achings

. e es r ed to various illum nation sources and
Comam?{ﬁé%%lulﬁcfogt&’%&gnder stood that any suitable radiation

[0065] SOUr CEmBadinkéitdisLhe nir@hodsdit@owd, hekdighayels ¢xtdcntpd by one or
di odes (LEDs) nmay be used to generate infrared (IR) )
more suitablieatoinamiting atevicss.diuch sl semeS)anal, FRMBF SRR OTOFPT Cceimputing

o R L 5L L P PR B R .
noted abtfeUSEdh A5 RRRPhdCARLS WMeldt ABRI@RIJudrerea@blE BRdia that embody

detection systerts, and optical (or other) units that
computeretadside inshactoes ghichowhe exeautad beatdeast one eamputer, cause the at

| ane. [ 0063] S | of th A
least oni P@%Hieéél‘? ir%apl_leﬁl\é%: B B5708 ORI B e B ofyhe present
subject 5‘&%{ %h%ﬂ %oin!ﬂJe iP6t %]iqgﬁ?et&) arE Blay {8 sk Mo Rl @%ore
I'scl'ose eérelrn cou e applied even I'n the absence

comporhtsapflicesleyandtsrespliviinst Aédiposally onalefmativebpjegiftware, the
relative to an area is to bhe tracked

computing device(s) may comprise circuitry that rendersethé device(s) operative to
implement one or more of the methods of the present subject matter.

[0066] Any suitable computer-readable medium or media may be used to implement
or practice the presently-disclosed subject matter, including, but not limited to, diskettes,
drives, magnetic-based storage media, optical storage media, including disks (including CD-
ROMS, DVD-ROMS, and variants thereof), flash, RAM, ROM, and other memory devices,
and the like.

[0067] While the present subject matter has been described in detail with respect to

specific embodiments thereof, it will be appreciated that those skilled in the art, upon
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[0064] The various systens di scussed herein are not

limted to any particul ar hardware architecture or
w@obiguasat i on. As was noted above, a conputi NECTIES100€074749

can i nclude any suitabl e arrangenent of conponents

that provide a result conditioned on one or nore

i nputs. Suitable conputing devices include

mul ti pur pose m croprocessor-based conputer systenms . .
aﬁaining@@e@@pqsgmgmgrcgdhg HAregRing may reagilsproduce alterations to, variations of,

application-specific, i Cirl C14
an eI P RGGH BOEIBRRL UG, SO s e prsen
disclositihh@bbéh FHeQMN&ITOr Pllrpdses bP&ianhle edthertthen litnifaeion] and does not

| anguage or conbinations of Iangugges may be used to

preclude impilesiemdf suvh meditioaters, wamating end/ee pédifionsiosihe trggeat subject
[ 0065]. .Enbodj nents of the t.hods .di,scl,osed herein nmay

matter g5ev g mtr%%ﬁqié’)ﬁp@ﬁ'éené fo (it & ALY, Flghég H%ﬁﬁrig ng devi ces.
Such systen(s) may conprise one or nore conputing
devi ces adapted to performone or nore enbodi nents of
t he net hods di scl osed herein. As noted above, such
devi ces may access one or nore conputer-readabl e nedia
t hat enbody conputer-readabl e instructions which, when
executed by at |east one conputer, cause the at | east
one conputer to inplenent one or nore enbodi nents of
the net hods of the present subject matter. Wen
software is utilized, the software may conpri se one or
nore conponents, processes, and/or applications.
Additionally or alternatively to software, the
comput i ng device(s) may conprise circuitry that
renders the device(s) operative to inplenent one or
nore of the nmethods of the present subject matter.
[ 0066] Any suitable conputer-readabl e nmedi umor nedia
may be used to inplenent or practice the
present|y-di scl osed subject matter, including, but not
limted to, diskettes, drives, nmagnetic-based storage
nmedi a, optical storage nedia, including disks
(i ncludi ng COROMS, DVD-ROVS, and variants thereof),
flash, RAM ROM and other nenory devices, and the
i ke. [0067] While the present subject matter has been
described in detail wth respect to specific
enbodi ments thereof, it will be appreciated that those
skilled in the art, uponattaining an understandi ng of
the foregoing may readily produce alterations to,
vari ations of, and equivalents to such enbodi nents.
Accordingly, it should be understood that the present
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di scl osure has been presented for purposes of exanple
rather than [imtation, and does not preclude
wo nimbaosi7en of such nodifications, variations apdl/us2008/074749

additions to the present subject matter as woul d be

readily apparent to one of ordinary skill in the

art WHAT | S CLAIMED: 1. A touch detection system

conprising: an optical detection system positioned at
WHAT &3 Eg3a touch surface and positioned at | east

parti.all -ape. of the touch surface, the

1. A to‘b‘ﬁ‘a%eetgc&%t%gﬂeﬁgﬁ%ﬁ ljésﬁl?gace corresponding to the top of
dhépticaredtesiinf Heim powitianedoptanadpe as s eoduhysupfase tidpesitioned at
at an edge of the touch surface and extendi ng ahove

least pattizélypiedows aglanerd the tasish sufress shesplang ot Beitpdy BBECE W t h

corres a det E‘g{hl %n gt n% a oveath_e ane pf t he touch
PR LR AR %FI QUi SEERSRAA cont | gured to refract
Atrf'hgmcaf _és%gﬂn%gfe]?cg‘itii&@d AR ahRdbOof he toedteairf0p apll areniingabove

opti cal ction systemvia a pinhole aperture,
the planehdities touth eurdpdel soads ta sitersbttywidle idetestian plaseiabeveBieghane of the
ahove the plane of the_touch surface he profi|l :
touch Ui he ApHERLASHETEM POBGERIEd D TR Sl Bo B Mg cgEpach in the
. i | 4 r : - LSd1E QFerbyet em set
detecnog (?E %]}Cwé 1?1506@1%&)&3%%(1 cg;ggi%xgttg ﬁ‘g‘hﬁg Ile ﬁlg‘? ght’ i s equal

WRerehethdioptieileksahbly e finenhptofilapeightismve3he Phaetod techtouch

detection systemset forth jn claim1, erejn {he
surface,gheprafde heighhapnrexingelyraqaal to thefiameterd the phole aperture.

detection systemset forth in claim3, wherein the

pi nhol e aperture dianeter is |less than or equal to 0.5

2. The tB¥ch JetclABn LP4EA sdetorilinQaify Biveitersigtthé praftie height &iagual to the
1, further conprising: an illum nation source

diametepo§ ithid minbale apettemst partially bel ow t he plane of the
touch surface and configured to direct |ight toward
the optical assenbly through the pinhole aperture; and

3. The ?ﬂlgh!(ﬁlew?iﬂﬁgfg%&%é?forﬁt indhigfgavireiniBe bRIFAB height adess than 1

m nat ed bezel conprising a surface that
mm. reflects light traveling towards the bezel in the
detection plane back into the detection plane.6. The
touch detection systemset forth in claim1, further

4. The foul& r(:lie’?eicﬂgr:l system set forth in claim 3, wherein the pinhole aperture diameter is

less than or equal to 0.5 mm.

5. The touch detection system set forth in claim 1, further comprising:

an illumination source positioned at least partially below the plane of the touch
surface and configured to direct light toward the optical assembly through the pinhole
aperture; and

an illuminated bezel at an edge of the touch surface, the illuminated bezel comprising
a surface that reflects light traveling towards the bezel in the detection plane back into the

detection plane.
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an illum nation source positioned at |east partially
bel ow t he pl ane of the touch surface; and an

w0 bdoonzated ed bezel at an edge of the touch surpames200$er4749
il lum nated bezel conprising a second optical assenbly
positioned at an edge of the touch surface and
ext endi ng above the plane of the touch surface so as

to intersect wwth the_detectio ane; wherein the
6. The [quch dEivat o0 RSB RELTE BTG BRI FORRBEIS | | gt

[iflint ' he touch
SR80 SRR, S0k asS e B P oo o
surface;r&@@ei ved fromthe illum nation source into the optical

path lying in the detection plane, 7. The touc ..
aeleotinand byzal ehw eded orth teusheuipgs. éh W@?"ﬁgtbﬁéel comprising

econd opti.cal assenbly defi r.of. ' -
o second SERES AREH] pa BT AROT KBS I ARER e Ending above he
plane o816 Esurfice 358s iPMEsale el thedeRyGbeplagei forth in
claim1, further conprising: at |east a second optica

wihtret therilleyitation souree secuguopt tocdifecti Bgkiciorerd ipseemd optical
oy bereunipicteraeb s oHER St S ER SRR B hffh e
illumina(s%o?fl;s%ﬁ}é/e' it h@'o@tﬁ%l%aﬂfg{%ﬁ [iBthedatkcabn bRast one

uti ng device I nter ed wth the first and second
optical detection systens and configured to determ ne

a location at which_ an object has intersected .h% bl
7. The thaichelelesHOpAEMSRL EUIGR CHATES CONERYBH ST<eB optige assembly
tigcal, detectiqr 9 . i
defines 3P0 T el EBpIoRTP TR, &Rt 10he S, e PinfiGleEick .

di spl ay system having a top surface positioned

parallel to or corresponding to the touch surface. 10.
8. The Tuehtdstechoneysiemi sohfagthsineaiget, frghethcamprésiagm 1,

Bdreshe Rl Seb e Falis S 4Tk Faohd ofhed FERERuR S5
positiorgata?lcﬁtdigg Q)g WStohEh §\§%ei AdNPnBButed! b Rt LlilgIeER cted toward the
positi one edge

at an of a touch surface and
second dewtiigusweterh @id pmbbld dpghtireglandg an optical path

| ayi i det ection pl b, | f the.t .
o it SometiGhe devicn e o BR8N Ehad st Elecin
t h . . . i .

systemsihd AfiietPecDlo defeinti € locHoh A6 fiich il S al jiiersccted the

detectidnlGie Batell daQilaanebIReMEdt e ek aptidaddstectian tysadthy bel ow
t he plane of the touch surface; and

9. The touch detection system set forth in claim 1, further comprising a display system

having a top surface positioned parallel to or corresponding to the touch surface.

10. The touch detection system set forth in claim 1, wherein the detection system is

positioned completely below the plane of the touch surface.

11. A touch detection system comprising:
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at | east one optical assenbly positioned at an edge of

the touch surface and extendi ng above the plane of the
wWo oel2gew f ace so as to intersect with the detBCt/Usmwos/n74749

pl ane, the optical assenbly configured to direct |ight

froman optical path laying in the detection pl ane

into the respective detection systens via a pinhole

aperture corresponding to each dete tiogv§yst

wihdhenae Boegl PoednBd S TEe PR SBbRE 2P Eob Bid to direct
light al@%ﬁ%@}cg}épﬁpagligg ﬁ%gﬂg{egﬁbﬂ‘rﬁfaﬁk Xb@\?éé@bl_?&g otﬂl’f‘e touch surface, the

nhol e apertures. ouch

plane ofi@le@6lidlosur s efes@hdingrtohhd topadfahencuth shifatdyer
conprising an illumnation source positioqﬁd at | east
paluraliyof dowcbon sysemppesitianadialers ah g thefeusd ptace and

positiorr st SEPIL PR bt PTere e LR SR e Bozel -
S9PRY; bRE %Rﬁ‘ca? Wederfifty bBsition&! Atemt @igkioFlitie fouadl eluifi@ and extending
towards the bezel in the detection plane back into the

above thieplent obthepbactesurfRe sThe t¢ ouesedeotidttheststesyion ghansethe optical
forth in clajm 11, further conprising an ill.um patipn .
assemblyRANEigUEsSStor 1@%&%@&%&&0}’_{)‘55&%}? te\,Y(IllflfellnotﬁRlE fiﬁg"ﬁ?‘éﬂ e into the
respecti%: dbfeHbR E‘g&erﬁy Efaa%@hh&fé eHlire! c!b?re'sf)(l)ﬁﬁﬁl%"% efthrt&kion system;
conpri ses secon ptical assenbly positioned at an
wHgeinfhetdpeichissdmblyrdxasels abovetticeontngirfive by a leeght
plane of the touch surface so as to intersect with the
approxigetelyeiqeal tplthmdiametas ofiles BinRoleH®ETIMESm nat i on sour ce
is configured to direct |ight toward the second
optical assenbly and the second optical assenbly is
12. Th&RchUteRfloh Qydemaet forihdtcldigcei,ved from the
Il'l'um nation source into the optical path Iylnq in the
fiethec tormpriphgme ilumirktion tsoush pasitioned aileasieeialkydielow the touch

forth in claiml11,. rei he di anet er . of, each :

surface gng} ﬁavég%rﬁé e HIFECti@%] iyt ﬁ%%O%tﬁca@aifﬁf“b%ﬁB?%gcl?ﬁ%e pjghole

hggqt ouch detection systemset forth in claim11,

urther conprising: at |east one conputing device
wheeif aedtlumiidied bezetletreptisesra sykite that agftectohghtgravelting towards
to determne a location at which an object has

the bezgliip diresdeie@tpr plangBackdpia e;sh%@%a@él& on data

collected fromthe detection systens.

aperturf%;_

13. The touch detection system set forth in claim 11,

further comprising an illumination source positioned at least partially below the plane
of the touch surface;

wherein the illuminated bezel comprises a second optical assembly positioned at an
edge of the touch surface and extending above the plane of the touch surface so as to
intersect with the detection plane; and

wherein the illumination source is configured to direct light toward the second optical
assembly and the second optical assembly is configured to direct light received from the

illumination source into the optical path lying in the detection plane.
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16. The touch detection systemset forth in claim 15,
further conprising a display system having a surface
w@omvbroned parallel to or correspondi ng to thect/osmhs/o74749

surface, the display systeminterfaced with the at

| east one conputing device. 17. A touch-enabl ed

di spl ay device, conprising: a display screen having a

surface and an area;_a detiacti Qn syste ith at Ie%st. hol
14. Thextoysh dpatien sysian get foethig slaagshle Wisean ﬁ%‘ﬁé@etef of each pinhole

vert i creen surface; an illumnation
apertures@ééses%ﬁgr\lm&i%ﬁlgﬁm %’gs a portion of the illumnation
system positioned vertically bel ow the screen surface;

a conputing device configured to determ ne the
15. The weghdetecten sysitern seinfosihjin etaimald ElHing camprisINg:

S EER B Reyroudha endro iRt o) QR RHER s pREEShigured o
determifié Q@onc_%ftioh he wii GPARYb &I 1RE MiteABEte@lthd A8t AANHamPbasedlon data
assenbly positioned al ong at | east one edge of the

collecteddr@amhe ddtectapt dysimsassenbly conprising a first facet
that faces toward the interior of the touch area and a
second facet that does not face toward the interior of

16. Th% E)Elgfﬁ%?@égtll&ﬁ %?ﬁé‘ég{ R ih t&ﬁl}lgl: 15:, ¢@%Her PPPRIHLAisplay system

s configured so i ght entering the

having 885&€adel posatonel ?afdllksto draetespending ecthedouch exfacetthe display
opti cal assenb at the second facet and |ight

system interéaded gvitheheah i¢ashpneaecsBping ¢gvidehe second facet is
directed to exit the optical assenbly at the first
facet; andwherein the display device is configured so

17. Atbﬁ@%@ﬂdb%dikﬁla?%ﬁc@,dc&ﬁﬁfﬁiﬁ le illunination system and
1S

Irected into the second facet of the optical
adisplaylsyrebrhovimgor ogkicagnd he ateeuich area. 18. The

t ouch- enabl ed di splay device s forth in claiml17 :
sgeeion DSt eh By Ca e ReEto o s ah edofhRib g vertcally
below tfflé Lyginalkep. system and detection systemare separate
rom one another; and light is enmitted fromthe

ad lwminaddrosyssystveith anleasta fdrtien obiheiiamirsarsybtgm positioned
~crosses_the touch area, and enters a second optical
vertical skedaw|the spipethsWfacéct s the |ight into the detection

a computing device configured to determine the location at which an object has
changed the transmission of light across a touch area, the touch area being coextensive with
at least a part of the area of the display screen; and

at least one optical assembly positioned along at least one edge of the screen, the
optical assembly comprising a first facet that faces toward the interior of the touch area and a
second facet that does not face toward the interior of the touch area;

wherein the at least one optical assembly is configured so that light entering the
assembly at the first facet is directed to exit the optical assembly at the second facet and light
entering the optical assembly at the second facet is directed to exit the optical assembly at the

first facet; and

20



10

15

20

systemvia a pinhole aperture. 19. The touch-enabl ed

di splay device set forth in claim17, wherein the
wopimozdeassenbly is configured to direct |igheCbys2008/074749

reflection. 20. The touch-enabl ed display device set

forth in claim17, wherein the optical assenbly is

configured to direct light by refracting light at the

f f
WhRIFIR 3 Cetphderice isgPBEWOq G (EIELbl CREERIIM B igmination
system fnhcp I cg egﬁg lsfa%rtiﬁ e«?ontd' ﬁ?&h oﬂl?ea@ticggaésﬁm@ g%hlregﬂjp sglzée fhe touch

area. and intersecting with the flrst facet is directed by
the optical assenbly to travel in an optical path in a
plane that is not paral l el to the plane of the touch

18. TheS ‘é?l)ruts enabalngi dlSp ay e%(l:cteI de? fé’%ht 1% ctlz?n?n ?’? e%ifnatﬁg tdisplay device is

configured so that:
the illumination system and detection system are separate from one another; and
light is emitted from the illumination system into a first optical assembly, crosses the
touch area, and enters a second optical assembly which directs the light into the detection

system via a pinhole aperture.

19. The touch-enabled display device set forth in claim 17, wherein the optical assembly is

configured to direct light by reflection.

20. The touch-enabled display device set forth in claim 17, wherein the optical assembly is

configured to direct light by refracting light at the first facet.

21. The touch-enabled display device set forth in claim 17, wherein the optical assembly at
is configured so that:

light traveling in an optical path in a plane parallel to the plane of the touch surface
and intersecting with the first facet is directed by the optical assembly to travel in an optical
path in a plane that is not parallel to the plane of the touch surface and intersecting with the

second facet.
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