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CLAIM [0001] This application clains priority to New Zeal and Provi si onal

Pat ent Application No. 561,038, filed on August 30, 2007 and entitled
OPTI CAL TMUCHSGREREN 5 ENABLI NG THI N CROSS SECTI QN, whipchytssiobreratsy
incorporated by reference herein inits entirety. TECHNI CAL FI ELD [ 0002] The
present subject matter generally pertains to touch display systens that
allow a user to interact with one or nore processing devices by touching on

or near a surface. 10 @%m&[wéh@&@t@ﬁ@@g tabl ets can be

i ncorporated as a coordinate i nput apparatus 1n processing units. For
instance, the digitizer or tabPeIORMEY OEAllsied al ongsi de one or nore display

devices (e.g. CRT, LCD, or other display technaqlogy). i t ouch enabl ed

di spl é%ogéserrm yhis eaplesatpy Glagpe ety © &swzqﬁgmgfé%%?ﬁnﬂﬁte&ét ecting an

angl e (AESEHONs69033 HERRIALAN Bf 2607 LI Aol OPFIEXE ToULhBcHEmN ay area
can bé*tséd, such as pressuré sensitive resistance nenbrane systens,
capacirraBEINY SHENS; ROKE EB@Iitayh ethich i heuwbdy imorsysed g refaeded rseitiitke.  As
anot her exanpl e, optical systens capable of detecting the angle or the

posi t 6B he obj ect can be used. [0004] More particularly, touch screen

i nput devices include resistivgesuidacer@0ycapacitive, surface acoustic

wave (SAW, infrared (IR), Frustrated Total Internal Reflection (FTIR),
Pr oj e¢o@d] capacThé meseropthiecimaied ghendiymg iwas &0 (aOkh display BEsie®p 8§oi ng t ouch

screen _devi ces (.aside fromsone optical and infrared hn i require
o6 ORI e OB LA B P BPEr g GoeE hager oY RLFab e ChaaH Bke b
dijgpl ay assenbly. [0005] Certai ng@piicgahyamd i nfrared systenms rely on
detection of light traveling in 25 optical paths that lie in one or nore

det ect0@3] pl anePigitizeanamat ieble(s'dap e incarratich o3 eFeOrd@BBVEPEIHEPISUE Fied
U MR I R S

e ‘caneras, S|gngﬁ pr ocessi ng,
front d@sr&é@aﬁlﬁcisé lewmicrat, ifan, @nghaldgpldyttimsology det efontinenadlqaiintayor area of

t ouch. nponents used to emt and detect light in the detection plane(s)
can bassodily.i Gereelll Degkipae BEUNDIEETEIgREAINERE PEIFATRTIBEH 4r ea
15  position of an object relative to the display area can be used, such as pressure sensitive
resistance membrane systems, capacitance systems, electromagnetic induction systems, and
the like. As another exampie, optical systems capable of detecting the angle or the position
of the object can be used.
[0004] More particularly, touch screen input devices include resistive, surface
20 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
25  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

i



WD 2009/ 029764PCT/ US2008/ 074749 as part of a bezel surrounding the touch
screen area. Optical touch technol ogy often uses |line-scanning or area
canmeras orientated al ong one or nore edges of the touch surface to image

t he bezelwandwstoegtek t he novenent of any object cl ose troTtszosumface of the
touch screen by detecting the interruption of an infrared |ight source.
5[0006] I n sone systens, the |ight can be emtted across the surface of the
touch screen by IR LED emitters aligned along the optical axis of the

canera to detect,the existe 0 i i d by a
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det ecﬁih@-@cd?xhﬁgﬁ)r atdA@afl R Okewatdd at@stong os hadowiden of tie toethr oretd wct ed | i ght.
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Based on the direction of the shadow as, cait t owar d ItI'L | e detectors and
the s paegeihe bow paigeidhg TOROERE (6T ERBFSIoPHR TGLPBeEe & PHIICRSHEPh ¢ he
det ecég%gt(??glggthgﬁlge%%&% IO%%%%Q&%@?S%QI her exanple, light can be

emtt area’in a pattern, with the object's | ocation
deser moned basem wmewhearsstthelight cnibs einitee acopst do: syr007] Borolchst ance,

Figure 1 1s a cross-sectional view of an exenplary touch detection system
10 i nsaRpehy Hirl ot yreiersadieasd tlons e t%‘%‘f#%%?%%ti%tﬂ%fnd 11 umi nat ed
15bez %!(isge?lﬁé)&tﬁbn%%?&ge QPH%}?{ Bl QO SHirhagsBecte bofick NifSanRidck qul ar

exanple, e optical detection systéemand illunination system are conbi ned
i nto antsi-mglne liphi in ths détscthomovimnd, thetdbgecail] caphe spdaneinghe regivetlesisif ace 18 in

this exampl e corresponds to the top of displ.ay .screen ctive
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| b”m.aﬂﬁﬁg&%n% QL€ BeRBoANthel shidhtk 5B Al BB e @LEgO taTOplhaaktepat h 20.
The light”is then 20retrorefiécted along return optical path 24, passing
i nto optdnothe? Bxaaplt, dixbt ¢an iehinsitiek agrpiseie tivgh dese de e @ridreiemn Withithe exanpl e,

the profile, of the touch detection stem.i.s [ 0008] As is known to
t hose ecgk}qcﬁtl‘?rh&ttﬁgn% b,'as?cﬁ%n {"’ﬁ?fg%%?% }Sonrllte%}l hci pl e can be used to

cal culigiit he pp§ihiraRe-akiogW CR AaRoRbiceednal Mplnges aempladetoack i on plane via
measurenents fromtwo or nore detection systens. Figure 2 Erﬁ i des 5:1 top
vi ew dfteatioresystept B i woigk Bn Bk deesten g SN eRMRUORATEH daR0E 3

C30L BRSBTS 5 LT RS, Yt B sy AL e bt
detection system and illumination system are combined into a single unit as is known in the
art. The plane of touch surface 18 in this example corresponds to the top of display screen
16 or a protective layer positioned above the display screen. Light 1s emitted from
illumination source 20 and is directed along an outgoing optical path 20. The light is then

20  retroreflected along return opticai path 24, passing into optics 28 (a lens in this example) and
detector 26. In this example, the profile of the touch detection system is 3.2mm.
{0008] As is known to those of skill in the art, the triangulation principle can be used
to calculate the position at which an object impinges on a detection plane via measurements
from two or more detection systems. Figure 2 provides a top view of an exemplary touch

25 detection system 29 which can ideniify coordinates within a detection plane 31. In this
example, two optical detection and illurnination 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



exenpl ary paths 34 and 36 showing the route of light emtted from and
returned to the illum nation/detection systens 30 via reflective conponents
positioned al ong edges 32. For WO 2009/ 029764PCPUS2008/ 074749 exanpl e,
retroref lwobom@eanponents can be positioned al ong edgesaldZoesouessed by or
included in a bezel. [0009] When an object interrupts the beans as
represented at 33, the location of the interruption can be triangul ated
based on the change in optical paths across detection plane 5 31. For

exanpl e, an object may cast shadows ich,are d che
i||uﬁ%¥?i€ﬁﬁﬁ%ﬁeg€ﬂ%ﬁ°§?§?@ﬁ%c 0 %?W“F%?QP% i t‘;(rii’iV g‘%‘é&?’é’% ed fromthe
di rect | QM. %Iggz(,}:‘hadows and the known spatial relationship between
illumnation/detection systens 30. [0010] Figure 3 shows a side view of
anot hgroogkenpl aijren euohjeddnsotprihe ris AenTegeniadiit 43 eilg fyneron ?Ej t:hﬁ n nat ed

stylus 42 is used to intersect, detection.plan I Vel 10 in
et e TGRS IH81 49 B arT b 05 P ReppPlE 16 n o] (EEREE LA

ret| eat Ok A48ahhidlah 86{cef mBP cadt Bhddbivs vexanpt detediet etibumbatibs détattenf aced

w th detector electronics 52 nounted above the touch surfﬁg . .For exanpl e,
det ectspter5030,etidtiorimngs Bangylend Bomybe dgpHr T TRCTBroBEe @‘E%PWBe bui | t
into a be

opt | o4 orments heisars SRR R gRESR SO0 can Toad Lo o profile

tse Ight can lead to a profile
hei ghty@b) t he bezele I fivsiassidoties uif babther dempiry tappldevatdronstenrdr. exanpl e,
the bezel "height may be too large for use in a hand%l% C n@hl in% devi ce,
such s this probinle inamatcd 67y let B Nard Wi BicTsart SeLesiier gine &DX’). E“" 0T2PRPO Pty
L of. Australi t r.OV] I j vAng dehkeol R
ehﬁt t &F gé{gﬁ%?nrpé%igi%eé%% ?l%%eleﬁ %gﬂﬁg% é‘gwﬁlg&%%ﬁég?{%ég? In the exanple
of Fi Gor én this 20mipdt) chreenabl edinetiripbayitbGeropeliesesnian> L ODudid phep 182

e ses Ok R SR ST esbr i pealt o BT TR T
det ectr STl P R IR 6™ B gt T om 1 ransit 51 de. vavequi des 64
forns [@1gfi d paThercntae cospiaits pif &y @Ricolttoniposars beeddecaet &g 48§kl ect roni cs
7?'5 A?igg? !:a%%gédstolaop%g ﬂie%%i g%? of the bezel that is not suitable for all applications. For
example, the bezel height may be too large for use ina handheld computing device, such as a
mobile phone, or personal digital assistant (PDA).
[0012] RPO Pty Ltd of Australia, attempts to provide a low profile by having the IR
emitters and receivers optically connected by wave guides. In the example of Figure 4,
20 touch-enabled display 60 comprises an LCD display 62 surrounded by a plurality of transmit
side waveguides 64 and receive side waveguides 66. Transmit side waveguides provide an
optical path from light source 68, while receive side waveguides provide an optical path to
detection electronics (ASIC) 70. Light from transmit side waveguides 64 forms a grid
pattern across display 62 which can be detected by electronics 70. An object’s location on
25 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,



25t he detection plane can be determ ned based on interruptions or other
disruptions in the expected grid pattern. For exanple, source 68 may emt

| nfraregh,qg) ot her i) &'TE W % LHPEE ANo®ffof D& 6P elifttitlst70l B 2
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shadow t hat dininlshes t he g?gﬁ%grecelvegoat one or nore receive side
wavegui vke povBoned[ OB A {dnangiurfaes ebel incdesgibdesantd @6t ald cvnflexitsstauthee 68 and

el ectronics 7Q.to_be positione el ow the. scree urface, the wavequi des
add coskoua%-anagﬁé%ﬁ*é&lﬁwyﬁqrowwﬁ% g‘tﬁcﬁ’?‘é"r&%‘H@é dnai er ?ragﬁe st re@%ﬁﬁﬁr&gﬂt he

vavegui fesiiRY ARGnbiRPlck fnRRdcd RS §& LANWRIbuRANHukNEe ARnRRA Refheexanpl e,
each of several wavegui des nust be connected to the 5touchscreen at one end

and % o ®ueltcrasni @sorit0eat anhdo aldveonend0 bnhtlshothes eudelnofhdrheusaanfetpeui des
can conplicate assenbl nd repair,and. nay | ead (o | ess ,dur ahl e product.
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apparent to one of ordinary gkiary the art upon careful review of
the present disclosure and/or 10practice of one or nore enbodi nents of the
cl ai med[094B] ect nRbiests. anfloPyaPgs curtle meesert subgect nadier wipbe eppdrentie present

i nvention her.e i s ovi.ded .a touch tectio stem i sing:,,an

Vom0 oh ORGSR B e Jukep P R PO B SR AR D | o
sur f(Rc epabeceCsithe Ui Eabslimests of t@hlaiived dubjbdtshat@pt i cal path; an opti cal
detection system positioned at an edge of the touch surface and positioned
15 part 98114} abovAcendingde thafirsy amscon tiergicahavertiong daoiscrrovided ace; and

. ; P! _ ‘
oxt onci 5t B3REAN LR b ARSE2hy MERGENS Dubd BodfNFR AUELFTEEG | |
det ect i bslopl aplenabdy eovich suphanadaiontiberet av divesuighates firhepapilied; aassenbl y

configured to reflect or refract light fromthe first optical path |aying
in the BRHBCUCERIN dHgeRorgitwedml Bpefgart ﬁfa% Howaht rfass #yst Pesaliongdt ect i on

15 partially above and partially below the plane of the touch surface; and an optical
assembly positioned at the edge of the touch surface and extending above the plane of the
touch surface so as to intersect with a detection plane above the plane of the touch
surface, the optical assembly configured to reflect or refract light from the first optical
path laying in the detection plane to a second optical path into the optical detection

20 system via a pinhole aperture, the second optical path being non-paraliel to the first
optical path; wherein the optical assembly defines a profile height above the plane of the
touch surface, the profile height approximately equal to the diameter of the pinhole
aperture.

[0014b] According to the second aspect of the present invention, there is provided

25  a touch detection system comprising: an illuminated bezel positioned at an edge of a
touch surface and configured to direct light along first optical path laying in a detection
plane above a plane of the touch surface; a plurality of detection systems positioned along
the edge of the touch surface and positioned partially above and partially below the plane
of the touch surface; and at least one optical assembly positioned at the edge of the touch

30  surface and extending above the plane of the touch surface so as to intersect with the



20 systemvia a pinhole aperture, the second optical path being
non-parallel to the first optical path; wherein the optical assenbly

defi nes f ' of:- 0, . profile
et oSBT, B QoA 16, LRGP il Beh UG BB ol D

[ 0014b] Aytryiditngddtectioh@lareco ademapepticahathhiatophe sepéctive dertiiosysichgre i s
provi ded, 25 % t guch det e(iti on systemconprising; an_ illum nated bezel

posi ti oldda at “@ﬁtye(?é@l%l?o @ PEHERS: strchatle ﬂ%fnéi%%m’i QJuihedringolgi rsEurgs ght

al ong fj ] ; LAG: e J . APE. ) of the

t ouch ssét?éasggl?hggg{ %%gﬁg‘%tﬁyég%@%g“%é’? ie]glh&g%%(g{rés@%g@%tl on%%g g?rghgggﬁe edge
of the toohehirsuphadeatndviposh theomptidalpasdmial lexteaborievanik pach swatdeg bel ow t he

pl ane of .the touch surface; and at |east one tical assenbly positioned at
Phe edgi MRt SRRYOEIR i odee damatce RF e At P holATST RIS of t he ¢ ouch

surfacerma4as to iap | t | ' ssenbly
confi guF ed t@% di rec%&Fiﬁlgﬁ% %%&dtaﬁge? ﬁ?gﬁ%ﬁﬁég@g@nﬁ&ﬁsﬁ%ﬂo?ﬁ%%

det ect i tnchicazhded displag devng coppiisiak: pdishlay stroert havinges pech isvdagenderi on
systens_via a plurality of .pinhole apertures,. each of the plural.i of the
pi nhol eargﬁ’e?tqffegﬁo%gﬁt pg’ﬁ%i %é’of%magfé’fp‘iﬁgﬁtWQ %@?’é‘c??%ﬁﬁo@s‘f%‘iﬁaﬁg’he
second gRivieGRd toRah BurldRien@d AQRriA & theletdbionl §¥8tefd peittiaRl ve@ikalPpbllowWher ei n
the optical assenbly extends above the touch surface by a height

appr oxi that lehoh eyidade; e ilhainitiarsyeemofwithhat fsiestr alportionodf gientllodnativer t ur es.
[ 0014c] ' I e of the present inpvention there is
provi deg&g&g gh@ﬁ(-)%%a%ﬁr}g'%fﬁ]& i bse gﬂ"gg& dtg’b?}%: %‘i&a&gm@ - S%Piﬁtéf:}g gevd‘fes%ﬂn' Ee@rt en

havi ng dcttetiab tieubtaoe :andichmnabeat ha dehest the frasihsika oMidh adroR@ftei on of
the detectjon system paositioned vertically 10 above the touch surface and
a porti BRcheuEHE, Httensh Brtasy Seismopesprsivhwih e teapicapay obdlegres petheouch
surfacey; i) L. LA | i t rti f

11 i iy sy B o RS ool Mol oo R R o R e ot e,
conput i sigeaeviceat kanfigupeidalt ssdebleravsimyeisingea lfiew ahéconhatfavdi tolvaginthebj ect
has changed tt%e tran m'rgsi on of Iigc{;égacros t he touch surface, the touch
sur f ace! %’f(}‘ig’-é]&f‘e%ﬂl@ﬁéi‘ wegndi sgeondetaset thatpdes 0t facRdowpE b fntety of15

di spl aygGheaNsurle; fhelefPht #1sPBhd seﬁca@%%%}hyisp&ﬁ%w% ﬁh@ﬂgﬁat | east

one edge of the screen, the at | east onhe optical” assenbly conprisrng a
first fageting thatoptiaglesssenobigirat thehigrst facer is glireofed tthexit ducbptsal iaeabhnd a
second facet that does. not face.toward the . interior of the tquch surface;
et nigrgcop o ofd B e e 2EBERsrTTIL e Sore et iy Bt

ent eri ngxit B QRLhCMsedssesthy fd hae Fhéstn &@Qﬁépxaﬁd&lhéeegtc%qﬁ%&ee&bt the
optical assenbly at 20 the second facet and |ight entering the optical
assenbl thahlightte eméttasniiorh deetllupgnationsysien and iedirectednto el sadndafsemsl y at

the firgst cet: wherein th isplay device is caonfigured so that light is
enitted ragfﬁagthdgeiopﬁﬁ%aﬁséamb ng@sf?/%tcé‘ﬁﬁsglﬁc}h? g)“&]? F‘gfftCS-d into the second facet
of the piolbpast onfa@pidagad wthsRE: IndhefaiRIrh@ss bNthetgieschOe Bt hace.

[ 0015] I n accaordance with one or nore enbodi nents of the present invention,

a 25 | bw probiq toach diselny gisispiage eionch sefase coretnonding sutheaweer swifressifondi ng
to th t f - i . i the displ ay.
nror e S B Dy Bt @Ph Ry oS ARERLARE o el RS mRlr (0 TP 20

can di reciokd gldestafaueliunl suffacnearodire®light ebedineon qleadtafogb@ectiohe touch
surface to tktfﬂyde}lecti n OfEti cs .of .the touch display via one or nore
pi nhol eP!apey tupredhe riReto theeddtcion (it of irgtonph idisslayt vie e st i cal

gfet ect | AR 3PRYSICPeAlfes PPBE bhRNGANP AU dctBhiY a0l HREPLERS! dpiliEl eMLdifag P! ane

30 system are positioned partially or completely below the plane of the
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touch surface, with only the refractive or reflective nenbers and the exit
and entry apertures for |ight extending above the touch surface.

Consequ . j st.e ] e : ction that
s vl | Rer parf g MR O SR B RSh R ¢ e T L B BEGHSC L abl e
conput i mgerigeasi foedighvextaidicg above thaltowtdviwice h{oksegqssitlys the fopeh display.

[ 0016] For exanpl e, touch detectiqn syste an i.nclude an j| | um nated
bezel pOSIER BZH’S%&VE@ g Cé‘é?ﬁée‘if’fonéﬁaltéﬁ‘t‘fﬁﬁ§‘tﬁ‘f%_ég§‘ﬂﬂesc§8%? ?%Pé’ée PRPIGH:r ect
light abpng oRe offer @ﬁ%l@%%h%@!iné’a&vhéesl Y1 PGt %iﬁin??t&%ae%cgk Qs lgor

pl anes) above the plane of the touch surface. The | um nat ed bezel may
ref | ect priomtfyr act, or otherwi se scatter light fromone or nore 10 sources

abover (A8 Guch EoF PRl oph ReBRufh R TR o bt SHenaTed ade of o
di spl aypslewdied a0kn 8d Ry St LGULY Surfddt hAg ok Buled 10 @REPALRMIoMY one or more

sem -transparent glass, plastic, or other materi al g posi tioned over the
di spl ayopieegl paths lgingon 25ieg@tionplape {grplars 7 eAvETh ©8f tir4v4d {00LT] The

touch defection tem can_ furth onprise.an optigcal detection system
posi 11 on o T R FEET R AT rethl, S LR b S Bl il S SR shiptel

bel ow t henrgsanehplightie dirotted tdtdsageoptithleddi@itioh 'shabaWA s rfenfiBddtabbe,r efer to
the vertical positioning of the optical detection systemrelative to the

pl ane ofhettAech BiERe st deecandla sprrpavad darthe yurface df a displpy 9pwse ©f 6n
relativ - 0 1 ] Qn re egdges of
the tou Wrteglt}&?g%@ggﬁﬁg fgf}sl grn%n ggﬁgfﬁn}éﬁéﬁgﬁg# g%% 5? a Stlg’s(gre%[ﬂg%ggep g di ng
above tpesifpdredeveftht deplagudehicsur f ace so as to intersect with the detection
pl ane(s), with the optical assenbly configured to direct light from an
optical path (or paths) laying in the detection plane into the detection

sysiemvia a pinhole aperture. 10[0019]In sone enbodi nents, the illum nated
bezel is illumnated by an illum nation
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source positioned at |east partially below the plane.of the touch surface.
The illum nation source can be configured to direct light toward an opti cal
assenbly through a pinhole aperture and into an optical path lying in the
det ect i onwplzem@29750020] The il um nati on source nay berposistdgmadsal ongsi de
t he detection 15conponents of the optical detection systemin sone

i npl ementations and provide illum nation via the sane optical assenbly that
receives light returned fromthe touch area, with the sanme optical assenbly

| ayi i ght to the detecti | from.th .
LR L9 4 e LA MR SR MRy,
scatt Bs,iii'&ataz%ﬂ\é@%@&f@@ﬁm@%ﬁ%&ﬁd GHRDNBAESHpIeR] Hewsiwerof tha ot her
|

enbodi ment's, the | um nation source may be |ocated at a different |ocation
on antewyeudicet Adeteoncheburt daecannie raier dcthe VEGvel RASiTEUEE | B MTsRE aperture
having the sane_size a he,fir i.nho P aperture
can Igﬁtﬁmﬂ%l Sf@%(?f?%"%%ﬁ fhéé’ﬂa“&s"?éhr?@f’g&p%‘gfﬁ? ig%?éa tgl'? Cézg%%é}gggl[%%ﬁ% he touch

sus f aggsiansr@athend inedaboy@nt Recpkaieof the touch surface so as to
intersect with the detection plane. Light can be directe

up into,the
25secHifd8bpt i caht ersEBPTE, edarsr i dhe fopeh s iReh: WBF s¥sien ﬁi“blnﬁﬁ’éeiﬁp PRYCHpt i cal
assenbl n I i I : ain
b0 d TR T Bt R G B e e A oS R AR ok P ane o
t he t Queb(ssurifiame obicaA aheh® cappuaxXitodiredtyigagiram dnoptihe mitafepathsiof t he
pi nhol e aperture(s). For exanple, if the pinhol perture is circular, the
di anetaingaihe dftestionplangantojry SGBIOFYFEHPET P@g;’@ PEFAF49 di aneter of the

C!Iécl ﬁ@aqlg{ i f tﬁeso%eérﬁwlé/g?grﬁs,stg@ﬁ% indifer di 88l &Hine A vyehelubhmatibe

di-ago of the square. e generally, the dianeter can refer to the
maxi mgeard ptanerdac lsasipattrdiydptw tig pleesid tedioationgfaac.| Theiltirgratpgsses
t hrough t he openi

can beCBEIS For B S A R BT S0SE: Hr U FUGR QPREET A VR er o coul o be
used, ,3Sn@PREORE & SptiAPpHESHND S Bk Retec@RPpiand. mat el y* is meant to convey
[0020] The illurination source may be positioned alongside the detection
15  components of the optical detection system in some implementations and provide
illumination via the same optical assembly that receives light returned from the touch area,
with the same optical assembly relaying light up to the detection plane from the source. In
such embodiments, the iliuminated bezel can reflect, refract, or otherwise scatter light
towards the detection components.
20 [0021] However, in other embodiments, the illumination source may be located ata
different location on an edge of the touch surface and direct light through a pinhole aperture
having the same size as the first pinhole aperture. The pinhole aperture 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
25  second optical assembly, across the touch area, into the first optical assembly, and then mto
the optical detection system.
[0622] 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



that the value is wthin 20% of the stated val ue, thus "approxi mately" 0.5
mm i ncludes 0.5 mm 0. 1lmm Pi nhol e apertures can have ot her shapes in other
enbodi ments. [0023] The "plane of the touch surface" is used to refer

gener al | ywoaoopl7ane ext endi ng t hrough space that, w PhirmsStdegotoitch area,
corresponds to the top of the touch surface. For 1l0exanple, the top of the
touch surface can correspond to the top of display screen or a protective
| ayer positioned above the display screen in some enbodi nents.

[ 0024] Mul ti pl e detection., systens. can be, used in di: For
exanpﬂé?néﬁéﬁﬁﬁgﬁaﬂﬁ%ﬁéHﬂP%%P%ﬁ%?Eﬁﬁ%ﬁﬁﬁ%%aﬁﬁE%?Fgﬁe mﬁ?%%er g%§%§ t he
touch yslrf,3Ge N LRRhTEUREHiakR ek 84EIVE tb lighhadnacdiedndeordsd tliche second
detection systemvia a second pi nhole aperture. 15Depen%'hr)1(% on the

conf i guemiti owvasfred Heng alioh tmepesces BrPUSh sreepReni s iIngPiae & glens@nbl y with
aPpropri.ate characteristig l.i.gh espective
dor e P SyEHrata g AR S T { E b r et 65 bRl et 220

COKI eSpARdin go@B e Gadd, as sgirbpyatex e ngidigrahoueptohandteayt s meant acennvey

[ 0025] Sone enbodi nents can include at | east one.coqubin devi&f(gnterfaced
with 20t e btets tTitm $)&0 emlsrstEyEYans S 2BRKITRIFEd Soaen U e a

| ocati on at i Gl ' ' _ E@Q pl ane based on
dat a 6%%‘@8?%' % ?%%ﬁ %hglceé%g%? ?%dﬁ%%t% gﬁegﬁ& B@%ﬁggéﬁ&n%l e, location may be
det ei mhared basegherpltdeofah enth surtticst trisad cerefdr geherally opapgians eviewting i ght in

t he detection plane(s), .such as by detectin ari anc i,n_iLlunknati
i nt en§h110931|( @?%gtl}"%t»IW(’}Fh)“h gﬁutBHd] %‘?%%QV’P%}’W%@L@%E%@?I Ogﬁl&‘?e%}‘lé@%ulé 8\%11\'/5 SraAls C)(r)]ne

S30L) LI B S e A L RS e Lo
[ 0026]saectdr iapr eodiispdapbosy Stealigplaasrdse ik sohadabliodinisstsdi spl ay syst en(s)
ro T " 2Rl abi0Roh BRI Eh bb Bsin SO SABAMAR. ¥ cLaHifl, purf ace:
second detection system can be positioned at an edge of the touch surface and configured to
recetve light directed toward the second detection system via a second pinhole aperture.
15 Depending on the configuration of the touch detection system, a single optical assembly with
appropriate characteristics can be used to route light to the respective detection systems, or
each detection system can feature a separate corresponding optical assembly extendmng above
the touch surface.
[0025] Some embodiments can include at least one computing device interfaced with
20  the detection system or systems and configured to determine a location at which an object
has intersected the detection plane based on data collected from the detection system(s). For
example, location may be determined based on the object’s disturbance of the propagation of
light in the detection plane(s), such as by detecting variances in llumination intensity (e.g.
iliumination intensity increases and/or shadows). As one particular example, the
25 “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 LCDor

other type of display can comprise the touch surface. The display systems can, in some
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other type of display can conprise the touch surface. The display systens

can, in some WO 2009/ 029764PCPUS2008/ 074749 enbodi nents, be interfaced

with the at |east one conputing device. Accordingly, the conmputing

devi ce( s)woizmsmangunction with the touch detection sysiersamdodizspl ays, can

provide a touch-enabled display for use in operating the conputing

devi ce(s). BRI EF DESCRI PTI ON OF THE DRAW NGS 5[ 0027] A full and enabling

di scl osure including the best node of practicing the appended clains and
one_of ordi nar

directed to kill in the art is set ,f articul ar
in th@ngéﬁﬁFﬁﬁépeBﬁm?ﬁﬁdgﬁ%éﬁ?@é%?fgﬁ?a%ﬂ%ﬁg%é%V Fcéf?%ﬁﬂﬁgﬁgﬁ Peference tg
the f@ln'n?ﬁ‘ﬂix@d@&%?s’)ﬁ%@_oﬁjuﬁéﬁ&ﬁwitlﬁ fhewbihictaton bydibrkand efsplagneennumeral s in
different features 1s intended to illustrate |ike or anal ogous conponents:

;lol[ 00 28jdauroacii-enabled diplay Emuss nLeperaanE Ak CMRILBEICHICGShr i or art

illum nation and det | i | L $d above a touch
surface; [0029]Fi gur ?@ﬁb?@%@n& S%n%?%wwgﬁ?r ating the

trsangythal i on PAIMHC LM en®NBE ielsird ivdidigg thefiekanod ¢f wysicargsthe [ 0030] Fi gur e
3 is a diagramillustrating an optical touch system._ ncluding.d t?ction

15c onpoprades clabavend diecitdite ons ohorpimaneskih Tiie eHds Sf‘éi%‘ﬁ%@&%‘%/p%?‘?‘ﬁ?f Art

systen 0031] Ei : i1t : i Qr ion in

wh on T IEdRERaeran e e BRELE, phe dhoctTbah SRR Blio e B2 1 ouch
sur f aggpddie@bghrekse vafichvaeed liked ecfaienceciumesiz if BER24uFifguures B itsndeddpagr am

illustrating an exenplary | ow profile touch detection 20system according to
sone adpEetedikgfor eRdosBSERPO_RYf ect natter; °

10 [0028] Figure 1 is a diagram illustrating an exemplary prior art illumination and
detection system which is positioned above a touch surface;
[0029] Figure 2 is a diagram generally illustrating the triangulation principle
employed in various prior art systems;
[0030] Figure 3 is a diagram illustrating an optical touch system including detection
13 components above the detection plane in another exemplary prior art system;
00317 Figure 4 generally illustrates one prior art solution m which illummation and
detection components are positioned behind a touch surface through use of waveguide
structures;
(0032} Figure 5 is a diagram illustrating an exemplary low profile touch detection
20 system according to some aspects of the present subject matter;
[0033] Figure 6 shows & portion of the exemplary low profile touch detection system
shown in Figure 5 in closer detail;
10034] Figure 7 shows a portion of another exemplary low profile touch detection
system according to some aspects of the present subject matter; and
25 [0035] Figure 8 is a block diagram illustrating an exemplary touch panel display
systemn as interfaced with an exemplary computing device according to some aspects of the

present subject matter.



[ 0033] Figure 6 shows a portion of the exenplary |ow profile touch detection
system shown in Figure 5 in closer detail; [0034] Figure 7 shows a portion
of another exenplary |low profile touch detection system according to sone
aspects ofotb@opsesent subject matter; and 25[0035] Fi giarrausdoos@7aasdl ock
diagramillustrating an exenplary touch panel display systemas interfaced
with an exenplary conputing device according to sone aspects of the present
subject matter. WO 2009/ 029764PCT/ US2008/ 074749 DETAI LED DESCRI PTI ON

[ 0036] Reference will now b i i vari ous and alternative
exenpl ary enbodi nents and mgﬁgﬁgﬁﬁﬁﬁiﬂﬁ@% awi ngs, with like nunerals
reprezggré!)ng SURSHARLE @il Yol Bentddcah dshl uetai@ls a0l eR@Mbsve Geghlexanpl e is

provi y way of explanation, 5and not as a limtation. It wll be
appar embotionantrosd te Kid dceompanytitgedrapingsheith psel REMEES SRS SER@Evar i ati ons can

be nad i t hout . departi romthe.sco SRIL: i e and

cl ai rrﬁgbsl\%‘rhaﬁ}ﬁédteﬁHgaZ,Str?%gﬁa&?lgglemsﬁaas@r%g Télg{eol? B%‘é’é‘?:eéi ?[{}[e%]&gg 5@%{11912#{{0%
enbodi,FRAb: 8BYliBRatb%E Ot N1 BQIpaRkt &yThedi xRk ih eheyirethd: mosifickfiorfsunt her

enbodi nent. Thus, it is intended that the instant disclosure includes

rrlodi f iV@Ta@ti;@ﬁ samhemade FathPeispasing §ing (iesRRE IHBITE OO HE GICPNE Mappended

cl ai ns, an hei i\ - F 0 i | ar
Fouch Hared oh o S Al Bt B e pent s
of t henpresenémisslmestio vald estili SurthowmbodimenhiThuexaiyphtendainthidthainm nat ed

bezel 82 directs light fromsource 86 along opti .
instant disclosure includes modifications and vargtionsgas c%trrliecxggthlg?:}tlg gco?)g of @g 90

10 appended claims and their equivalents.
[0C37] Turning now to Figure 5, an exemplary touch detection system 80 configured
in accordance with one or more aspects of the present subject matter is shown. In this
example, an illuminated bezel 82 directs light from source 86 along optical paths 88 and 90
which lie in detection planes above touch surface 84. Bezel 82 can be illuminated m any

15  suitable way as will be noted below. As illustrated, touch surface 84 intersects with the
surface of display 85, which is a liquid crystal display (LD) panel. It will be understood that
in some embodiments, touch surface 84 may be above the actual surface of a display, such as
when a covering is included on the surface of the display.
[0038] Optical detection system 92 is operative to detect light traveling in optical

20 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

25  shown in this example for purposes of clarity, more complex optics may be used, mncluding
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
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which [ie in detection planes above touch surface 84. Bezel 82 can be
illumnated in any 15suitable way as will be noted below As illustrated,
touch surface 84 intersects with the surface of display 85, which is a

i quid crystadewgespl ay (LD) panel. It will be under st ead/iishakoianissone
enbodi nents, touch surface 84 may be above the actual surface of a display,
such as when a covering is included on thc surface of the display.

[ 0038] Optical detection system92 is operative to detect light traveling in

tical 20 paths such as 88 ang 90. (pti det.ect i t in thi
oA TS S s e de ROl S G e S B BT B PO e Bor

insta agye%qﬁ.tstﬁﬁf Olse9s NBYeEOP 5178 vl MRS 19 kncOb AR fivwi biaddige loitghbtheet ect or
acea w

i nter an ASIC or other suitable circuitry to filter or otherw se
pr oceg$tH:hpenupptssiof tidetgrthorce®®r. Of course, any suitabl e detection

t hnol jate f tecti. i ght .f d.
Lecheh P o el LSBT RS e b e
]9: ?[ ietrdéectg%&ffrﬁﬂxrﬁﬂe% nRRE HES BRI REbsUsREkds bﬁmb;étﬁg@gma%i. tgmpal | enses,

or other suitable conponents. [0039]Light traveling al ong
opt i cabsepaihe4 88catschbove isickipurdsedd th arsoidehieehi b A SF BRRTOPIMASY a pi nhol e

aperture 96 _havi ng a,diLangeter d i.C 1 ‘ il in
Rl gur 78 AT AT R CO G RIS 51 ARbE A ngs A ShAng VRS T NE' 1 ¢
Si ze g BXpr §ResBEnAy MWDnR0 B9 LGRIFHARET/IIS2O0B/ DF7etsbadiment.er in the

traditional sense, it will be understood that pinholejﬁfeé¥unfs can have

ot her [Hapes: | M susivleelbgures f endibasritcel 258FmalyAE MEHNET S s ¥HE | engt h
fromone side to the ot ' t genpter.
6Baopepercarcls - 8 et B FRRLA A R TRGE Y™ e LUPSeE G anc
acts @, BhdictREbn hicghihiid Omcone fre:, TR doed abeclichnenprarpesod dRamitss Penhol e

aperture 96. tical assenbly 94 extends,  above touch surface 84.to0 a
pr of i laesedilyhrd P digeist OBt OTHATRt &) AedP yETERGHIGR ﬁ}ﬁ‘dglieﬁama Pgﬁ@tz’iﬂ@”&% pi nhol e

apert oty 20t n}ﬁf{o ENShA0eE ’ve%,aig%ft&fed.d'fﬁ@@@Bﬁ&l}lﬁe@e&%ﬁ}@{e&l & height of
opti cal ‘asse y 94) "may be approxinmately 0.5 nmmin some enbodi nents.
[ 0041]pbritiexanplieasoparBaigub sy Shapldn®of opth safaca8denbly 94 is configured to

SIArS]? g&@@zgﬂt t %g%%%%g}%gfokggé%p%ﬂgna Wnes%:e%ﬁ oft isfpiorsﬁiton];:da 8§ttsidl<§|theoédg%pgf assenbl y
touch surface 84 and partially below the plane of touch surface 84, while in Figure 6
detection system 92 is depicted as entirely below the plane of touch surface 84. The relative
distance between pinhole aperture 96 and optical assembly 94 can vary; in some
embodiments, the aperture is minimally spaced from optical assembly 94.

20 [0043] Figure 7 is an illustration of another exemplary touch detection system 180 as
viewed in cross section. In this example, optical detection system 192 is positioned
completely below touch surface 184. Similarly to system 92 in the examples of Figures 5-6,
optical detection system 192 comprises a lens (198) and detector {199). In this example,
optical assembly 194 comprises a first facet F1 facing toward the detection area and a second

25 facet F2 partially facing away from the detection area. In this example, facet F'2 1s
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



touch detection area, while a second facet, F2, does not..Light entering
facet F2 enters the assenbly and is directed out of facet Fl. Due to
refraction the direction of light traveling fromfacet F2 to El, and vice
versa, i swalm®nedss Thus, optical detection system 92 gan/dengeesirid oned at
| east partially below the plane of touch surface 84. 15[0042]In Figure 5,
optical detection system92 is positioned outside the edges of touch
surface 84 and partially below the plane of touch surface 84, while in
etectio st em i.S e of
Foacnb et ¢ oty FariLs v TR SR B KPR S8 and

opt i cgdm@s8BHRnEnR4d ?sadﬂluylad’zxéfpﬂdﬁzrﬁﬁm@ egndladioentrs, t he aperture is
mnimally spaced from optical assenbly 94 1ég[0043 ure 7
t

il usiGOéfr] on of namBeHe, %%P%Sﬁem@&@ﬁ ERHFOTED ear?\y fg’éﬂbjg viewed in
I t t d
ot BEETY. Barat R B, B 4 R ] o

sur to system 92 in the exanpl es

of 5 Fi gaH @8ve Buabi®pbst cRiraldielyeatd dmritgyhtrmoed9Rsconpri ses a |l ens (198) and
detector (199). In this exanple; aptical assenbl i

94 f t
f acet [BK5F aci ngFiewar § sk it ey BRFUEFBg 24 P! 18’(];18}%%}9‘%3?&18@;% §§E%Dp;ts ially

facin uBXAAIRL & 2136 ebedrdancs
confi g%‘?@%@%ﬁ?gﬁ@&%@g& 8%/?%8 a}lgatgggtn?cal patlhs 88 an((:j 90 downwar d

t hr oughthpierthel Bpapesitthe ereidb suﬂjmtsnaft@cl Corptiess @ﬁ‘\f&@&@éﬁ@%be opti cal

o e o 162 SoTmLeely, Bl U g i sl assen
2QQ9/ %%@zﬁﬁ%&f@@@ﬁﬁﬁg%ﬂ% Rigealon@iutiapREaXE, ﬂﬁi@dﬁ)&g e abt imitede adi anet er
n

d of pi e”aperture 1 not ed above, in sonme enbodi ment d is equal
or appraxisseideiyn égued smbaﬁ)asemmmal [cgmuqemlamp EYBRYLET, #iagphe] al assenbl y

82, 94, 194 can conp For
i nst aRE@PUIEh aé%?ﬁsé’néln‘ﬁi %@’HB@?\?W 8RS orklz%?ﬂlreie?ﬁ&ﬁ ?’ |ld1 %eé 5can have
sui tabl dﬁ Serdediteadt | Théée a8 dtel gkl yflﬁbad‘saﬁt-cﬁwestdecﬁ:es {»vﬂD%it}ﬁldgmte 8is a
bl ock agjé'gam illustrating an ex@w)l ary touch detecti opocééstem 280 as

| nt er fatede vhskalh iretoe a\csyasgql inihisydisomesam dnG CEFNBLACETHG TS WG
dé :)(r:g)?'nc p%g%%‘? IFall 1?1618&111%@?*3&%?@&% R UPLLELHERLLELS sigRlRPUt i ng

|ona y cou to touc screen system 200, by
har dwig.gcand/ or wirel ess connections. 10Conputing device 201 may be any
sui tabl e conputing device, including [f not limted to progessor - driven
devi c0@i9¢h as §0§@Fl§@%1é¢“ ey mclde %f%ana}gwrgpess%r ﬁ}&naﬁ%ﬁ 4" conput er,

a personal %gg' %lv ﬁé SIsP m%:)%}rﬁg Rpdhdid A6 @BQ?QJC@%F bot aysit@l ephone, a

pager, GRS eV| ce, etc and ot her types of processor-driven
devi c%eﬁ%rbrlzobea ai@ualrﬁgﬁd pme’ehe&e(l]ﬁ?) skitlZ05 jand syseenaptterizgs cogwaness t hi s

di scussion, the term"processor" can refe an
20 206 may be functionally Fc):onne::;t&d via a system %us 508t Oy s%zstem interface components

206 may enable the processor 202 to communicate with peripheral devices. For example, a

storage device interface 210 can provide an interface between the processor 202 and a

storage device 211 (removable and/or non-removable), such as a disk drive. A network

interface 212 may also be provided as an interface between the processor 202 and a network
75 communications device (not shown), so that the computing device 201 carn be connected to a

netwaork.

[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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15t ype of programmabl e | ogi c device, including a m croprocessor or any
other type of simlar device. [0046] Conputing device 201 may i nclude, for
exanpl e, a processor 202, a system nenory 204, and various systeminterface
conponentwo2@B.m29Fke processor 202, system nenory 204, pardisgicsals7si gnal
processing (DSP) unit 205 and systeminterface conponents 20206 nay be
functionally connected via a system bus 208. The systeminterface
conponents 206 may enabl e the processor 202 to communi cate with peripheral

devi ces. For .ex | e, a storage device interface 0 i.de an
i né /erfr%’ NHUAGE @;}I‘H‘)@ C?)‘PB@E?E%&%E%%N& ngte 468%%%’4’%%‘&3\# g?ax %ﬁg’(lgermvabl e
ana’ ol bk @ Ghs A8e1R Ht@kplbink V. ReS Waiskidshineriacepldi?
al so tgg gr éviggle% as aor?niﬁjri:terface bet V\I:/éerrl1 teﬁ)grcf)bfocessgr 128051L and apnet V\Dn?i

25¢c onompoatritonsy tevictelefindts ashibanyxamve, chapuiredearnitli Ay Beldge 201 can

be connected to a network. 0471 A _di j 2 i
an | nEERTEECEsarReBTY A BrbEResorobust K BFLER A e d0s0, ror T o
i N$t aneRmUnda@bh %@iﬁ% hé oPRYredF DY destddhalsisiclhasshbdealvernbobrdEEEor rendering

by display device 250. Al though not illustrated, conputing device 201 WO
2009/ G23264PCT/ US2008/ 074749 may i ncl ude additional conponents dictated by

LS L hgnded TUBCREON b0l (EXRTES, 25d s SAIRM G ey o6 20 bBompr i sies @

cel | ul el eph apprpoprl ate transm ssion a ception conponents nay

be i ndlydadncAs Raethey bexaipd groteoipuidsagotienies @ 520 Furtbyr, ihactigde!
net wor ki ng conponents as noted above %h@aééa radio transmtter/receiver

for 5 toetmHUAFCATA SATSBRNGO GRS Lbie 2 § $ratidrds Lath '9¥™M hose
33\623%gga%?f{z;%?&%éc}maﬁﬂ%g%ﬁs&rﬁicé oEX3PR) 850 LOMED cSEESRAI 2BBei S bounded
outer surface of a protective material positioned on display 250. Although in this example
the touch screen is enabled to detect an object’s position relative to the entire display area, in
other embodiments, the system may be operative to detect an object’s position relative to
only a part of the display area.
15 [0049] In any event, Figure 8 further illustrates a plurality of light sources 282A and
282B positioned at edge 252 and optical detection assemblies 292A and 292B positioned
along edge 254. Since sources 282 and assemblies 292 are at least partially below touch
surface 284, sources 282 and assemblies 292 are illustrated in phantom. In this example,
optical assemblies 286A and 286B are shown along edge 252 for relaying light from sources
20 282 to optical paths in one or more detection planes above touch surface 284, while optical
assemblies 294A and 294B are shown along edge 254 for relaying light from the detection
plane(s) to detection assemblies 292.
[G050] 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,
25 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 sigoals fo 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
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For instance, a bezel may be used to protect the edges of screen 250.
Further, the edges of touch surface 284 correspond to edges 251, 252, 253,
and 254. As was noted above, touch 10surface 284 nmay correspond to the
outer suréecewebsrei spl ay 250 or may correspond to the poutuseeesunface of a
protective material positioned on display 250. Although in this exanple the
touch screen is enabled to detect an object's position relative to the
entire display area, in other enbodi nents, the system nay be operative to

detect an object's posjtion.relative to on a ' area
15[ 0048} |fﬁ°@é‘]fﬁﬂué?/‘§ﬁ[)%ﬂ4ﬁi<&ﬁr Hugimgtiop ﬁlé‘?mﬁé F‘W‘%gﬁ‘t" %a Ogé&aS?%P}l?:}g? g@%o li ght
sourﬁgﬁzgyﬁ& t%gglﬁﬁgf‘ﬁgetj;gned at edge 252 and optical detection

asse Ies 292A and 292B positioned al ong edge 254. Since sources 282 and

assenbldses 292 amsmiter boarsgrapampiuls yiap be sipradondee Sirera@emBusour ces 282

and assenblies. 292 are ill rated in. . 145, tical
asse nﬁp(%grs W%ﬁefaﬁ?ﬁlpﬁg’éé%éﬁgf%ﬂ%ﬁ%asﬁf’%ﬁ"gg%@gﬂ’ . gtgm%(@) g é}rlg% gg? Léég'l ?8 ht from
SOYI C@8rd2fsi28dvd) Or Bk wiad aaisitse bYI cOmButdis devie et atiipergrphanesil@bove touch
surface 284, while optical assenblies 294A and 294% are. shown al ong edge

ggzzl f @BaYrSig@?%ﬁ myopargme Heiem dlie Thhe eRg BN GFaPE) AlpQ MBS AL on assenbl i es
] €.Qr nore | /. .l - b

provi g _mgndl?prli?}e‘?rfo grcagp %‘é%\%g?ﬁ? %@&%él@%ég@ g@a%ﬁ&ﬁ%&ﬁ&?ﬁ%ﬂigﬂ Sin%[lr;ut eand/ or
out puliisgRyirGasagkOsr AXanploemat?ht dres dieples kirom 2Hb ebibki &pe@92f te ot her

sui t abl e conmponents of the touch screen system may be connected to the
conpuekegplaeisralodipgnty Pt AN YRR H}%E’F egﬁ?&(siwﬁyn EJF%’&??&@T *FhEP™%i gnal s to the

g : gc g%ﬁf%%%%d )P Aol 9&%03191%“&1%%@417%%%% 8.52k0 . andlodkREdoY assbRBlibd Tt sources

touch 'screen syst connected to the conputing device 201
by wayn@br &2 calttiatihg paich lantdondBd 20@81ORITEAREDH IB2B08/G YA 4G fFhr ecei ve
out put signals el controls) fromthe

pr oces$S6EF %&baﬁi(@gbgﬁigé%lég@%%ﬁ% ﬁlllegie?eg@gg%f.gl% 'P0051] A nunber of program
R Tt H L P
the functionality ascribed to the Touch Panel Control program module 221. As s known n
15  the art, a DSP unit 205 may be configured to perform many types of calcuiations including
filtering, data sampling, and triangulation and other calculations and to control the
modulation and/or other characteristics of light sources 282, The DSP unit 205 may include
a series of scanning imagers, digital filters, and comparators implemented in software. The
DSP unit 203 may therefore be programmed for calculating touch locations and discerning
20  other interaction characteristics as known In the art.
[0053] The processor 202, which may be controlled by the operating system 217, can
be configured to execute the computer-executable instructions of the 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
25 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.

100541 As discussed above, when a user touches on or near the touch screen 250, a

variation will ocour in the intensity of the energy beams that are directed across the surface
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Shard di sk drive) or otherw se accessible by conputing device 201. The
program nodul es nay include an operating system 217. The program nodul es
may al so include an information display program nodul e 219 conpri sing
conput er -wgeahahke i nstructions for displaying i mgescomusatienzinf or mation
on a display screen 250. Qther aspects of the exenplary enbodinents of the
i nvention nmay be enbodied in a touch screen control 10 program nodul e 221
fo&/con;rollirg fhe energy sources 282 and/or detector assenblies 292

and/ or for calcul ati touch ] ocati i.scernin t ion states
rel at |0\§§‘et‘56‘“thhgémt36dbﬂ‘9"s@r%%ﬁ’? ?6‘3%@&835 ﬁﬂg gaiﬁ‘étf” & elgiél é\}e 9% ?éom t he

det ect.gf » ASSLMARILLP the h@t@éﬁﬂyl JF (BOsR SR TR Sed & SR Wik stattesed mmbwded f or
performny sone or of the functionality ascribed to the Touch Panel

Con]'E r ohe splgfagdf aﬁﬂlﬁrﬁdlﬁh@C@@[ﬂ_2503g’ld shokldwrrensitiusennaeh tq detactIgpatiffisdn 205 may be
confi ur ed t |
sanpl i W(jl mgﬁgﬂfel{ng 18? F %ﬁ{f%gg C)P'éhgld Ho? Q&eh’x@ﬁgyfbm&;& otﬂ?err' ng, data

calcu 1ons and to control

moqul ki b aRdéane %BE Fscr@é}ﬁcﬁ@iﬂﬁji‘ﬁysﬁm a8y ok dsbcghir ﬂ&(mm}ﬁng 8&viceThy TDSP uni t
205 may include a series of scanning inmagers

fil
conpardateonieitnploestemitafdhg ieushbralaiiiedo thpﬁ@u@gﬁrq?ﬁ@t% @Fgg F:}EYH%? g&e be

progra I I t
i nt er &&Fi ag"?‘? @gﬁﬁﬁ FI%EEI’ %gtgs Sgﬁlltl)s%ﬁgy e‘ﬂlra}% tngh%g%%%#%gz%?gzggsor 202,

whichy m%be CORt dcabddescddyith htﬁn@wlamemgnmesﬂamwmedmcﬂaeassombhgmr ed to
execute the conputer-executable instrugtions of the various

nodul ey bmeﬁ@algsa],l}hpl@@%@@aﬁg@ SRMPHBH ECHFE 70 1 UF I tgplc?lﬁrg% S ent
th J e %VSIFEE T;hg b?ﬁ’ng &Eé&%ﬁ] gﬂ@t@%t@oﬁ%&{ﬁ)‘ &%rﬁ{o ﬁu@mlgliﬁ@s@ﬁyct i ons.

nore, nages or 5 In tion displayed by the
i nf or ek d @rwdlts@kﬁyemtcog:rcamufmdaﬂzcéthzﬂa@yw@ucbehmféac@obﬁ ehapaes laram’ﬁmné
infoiniation data files 223 tor dabl e

medi uighssselp apbethel %fﬁblﬁﬁtecoéglr?ﬁﬂf i 9 é‘é@}é’c VEGT 1[%@%%%}53%% 1"sn(? gesa gée above,
yvhen %e&%?sre tﬁ@tﬁ%ﬁ%ﬁy Qﬂth% gz?grbe&lﬂ@ cﬁaﬁ%&@irb SeE QR BBRes @sYaknaéde@n Wi | I occur

in the rntensi e en y beans that are directed across the surface
WO 20%@1&%&%@ kaaamrofmm@nm off e mt@hbwe@ﬁetpﬁe@h}é therdeastes

HoengPepDES ChocsRer by d5egralt B BRCEA TDF MorHer i os Ce ket P e L Ree e

has occurred on or near the touch screen 250, '
[0056] The location of a fouch relative to the area of touch screen 250 may be
determined, for example, by processing information received from each detector assembly
292 and performing one or more well-known triangulation calculations. By way of

20 illustration, the computing device 201 may receive information from each detector assembly
202 that can be used to identify the position of an area of increased or decreased energy
beam intensity relative to each detector assembly. The location of the area of decreased
energy beam intensity relative to each detector assembly may be determined in relation to the
coordinates of one or more pixels, or virtual pixels, of screen 250. The location of the area

25  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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the surface of the touch screen 250 and should be sensitive enough to
detect variations in such intensity. Information signals produced by the
detect or assenblies 292 and/or other 5conponents of the touch screen

di spl ay systememays be used by the conputing device 20kctrwseet/eismoi ne t he

| ocation of the touch relative to the touch screen 250. Conputing device
201 may al so determ ne the appropriate response to a touch on or near touch
screen 250. [0055]1n accordance with sonme inplenentations, data fromthe

det ector_ assenbl i es may be. peri odj.cal | roc ed Q j ng device
201 t SPHHHIPEGATAEE 19 %%E%%“H‘Fﬂt%%ihtesmi |S§’<7’8P ?gﬁ t ﬂggl%%{r?g?%e& Sl[[)%gérréé di rect ed
al onge&peasd%%ﬁ&tbiieqn pl ane(s) when no touch is present. This allows the
systemto account for, and thereby reduce the effects of, changes i

; in
anbi efi587 ght | Biedbsatianslamd tremberreh ilememanaionr A 382 Cnvsehass g igs P82 201 may

option i ncrease or cr e the intensi emtted
by e $EnEnC B o s e D nde e Shpeaybindiey o FrER MALERE, T the

i N4 engistaycOfndiber RRGF AYirRBaRs: dotre BT hrtcdntshheiitebmitbissdbassathl i es, the
conputi ng device 201 can process this information to deterpne tggt a touch

has ocwud bedsedn Somilpamorher fwgchetedresrmbrs 208056 PIBEPPHEEE PBE-f a t ouch
relative 0 E#b%’ arfa of éouch screen 250 may be determ ned, for exanple, by
s e b

pr oce&¥EFH i onrecei ved from each detector assenbly 292 and

per f ofgusg one wyr cABnBicVRkier Kngwsingrtangidtaki or sgabouhat ¢sobsish Bgriday of

20i I lustration, the conmputing device, 201 may receive infoi%nation from each
det ectepssdbe dblay SPECUTHE TRAHTHE %@Hmp@hp%g}ﬂ%p&yap[eﬁgreﬁgg tion of an area
of ,in - : ' j ik ' d@icgach detector
L e B B B ansi 1y

rel at iimection Reaskbldet Bot grodasséminny sevayal bndietermsmedtsiand cetresppodicg o t he
coordi nates of aone or nore pjxels, or virtual pixels, of screen 250. The

| ocat fgfAction assranblicg §0WG O UStfer eased or decreased energy beam intensity

o ekl Secl sty thon e Vel ofhmecbon dbmasore(
t oucha eettatubveottat dsehblyctan de pesnde5dong an edge, with the detector assemblies
15 292 and corresponding pinhole apertures located along the edge at different locations.
Similarly, a continuous optical assembly 286 could be used in conjunction with multiple
sources 282.
[0061] In certain embodiments, optical units comprising both detector assemblies and
illumination sources are used. For instance, a detector assembly can include illumination
20 sources that illuminate a retroreflector that returns the light to its point of origin. See, for
instance, .S, Patent No. 6,362,468, In such embodiments, the same optical assembly and
pinhole aperture could be used to route light from the illummation sources and across the
detection plane and also return retroreflected light.
[0062] The above examples referred to various iliumination sources and it should be
25  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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[ 0057] Any such cal cul ations to deteimne touch | ocation and/or. interaction
state can include algorithms to conpensate for discrepancies (e.g., lens
distortions, anbient WD 2009/029764PCT/ US2008/ 074749 conditions, danage to
or pedi megbo®m29Be touch screen 100 or ot her touched pgufifsamen4€isc. ), as

applicable. [0058] The |ocations and nunber of illum nation sources 282,
optical assenblies 286 and 294, and detector assenblies 292 in Figure 8 are
for purposes of exanple only. For 5 instance, nore or fewer illum nation

sources_ 282 and_correspondi ng opti.cal assenblies 286 d.

Si mi | a¥%% . mor e @?Vefaé\ﬁg 16(132’?@%?’6‘18“@%%‘@??&??%@56? U Og%rg{#%fgdpééﬁc f?\g opti cal
asseml sy aﬁﬁiagpﬂﬂo@ep@r, 1380 be L B0S3bEO Fhae ¥R MIneipldsatifitsscl harinsiuitbe
triangul ation, the systemmay establish a grid across the djsplay surface

usi ng aapl@dﬁvairl] iirt he@bsenke afk AEpiap cisEMWEERhEPOFIGR 06 2R AICTTEBHY € ¥78ndi ng
receivin i nhol pertures configured to direct |light down to optica
det ectS Sgétéeetﬁ%ﬂ?(le@s. For good resolution, several illunination sources and

cokresgandi N deheciin spasiblst@SeCipbid ahendtd@died D@60 phmicsiame
enbodi nents, rather than discrete optical assenblies 294A and 294B, a

cont i haviyere prhieiura o5 ol U B BITAIYAPosr-cig R Ed VICHEUHIE e
the. edas T Rt e L e o B R Scenbl y
286 Couthds. bouitssrtonpueandevicsd iatiuié mnltimubidsphecreproceessr-2824d cpBOGL] | n
cert alsgstgrg? ggclegs?x?gt sstbreglggii&ggllre, gl?ti atlsso a‘f}%ﬂ?{uio%i-sggci%‘é’%ﬁeg%e %Erglrntsaasn %rg%?elri es and
10 programmable logic, and combinations thereof. Any suitable programming, scripting, or
other type of language or combinations of languages may be used to implement the teachings
contained herein in software.
[0065] Embodiments of the methods disclosed herein may be executed by one or
more suitable computing devices. Such system(s} may comprise one or more computing
15  devices adapted to perform one or more embodiments of the methods disclosed herein. As
noted above, such devices may access one or more computer-readable media that embody
computer-readable instructions which, when executed by at least one computer, cause the at
feast one computer to implement one or more embodiments of the methods of the present
subject .matterg When software is utilized, the software may comptise one or more
20 components, processes, and/or applications. Additionally or altematively to software, the
computing device(s) may comprise circuitry that renders the device(s) operative to
implement one or more of the methods of the present subject matter.
[00606] 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,
25  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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illum nation sources are used. For instance, a detector assenbly can
include illumnation 20 sources that illumnate a retroreflector that
returns the light to its point of origin. See, for instance, U S. Patent
No. 6, 362468 shévessuch enbodi nents, the sane optical agsanblogoang pi nhol e
aperture could be used to route light fromthe illum nation sources and
across the detection plane and also return retroreflected |ight. [0062] The
above exanples referred to various illum nation sources and it shoul d be
25under st ood that any_ suitable radiation sour ce cgn be uied;.For i?stance,
| i ght againtRg Agindie R ineLE 1R ToRelp THEMAY BT, PRERET A& FF FarddeqrRet

radi atjign that i : | Shathihd st ecti on
pIanefmﬁﬁﬂgvg??kg?%g%%%%%@Fgﬁggégﬂgﬁ%ﬁ%’ g%&@?&ﬁﬁ?ﬁ$ﬂgﬁgk othe?ﬁtypes of
ener gyiiguRysufeehad deeh presaipgl fioc atipesasidf kxapple oghérdhe Buoiiaters anddesdior on
systens, and optical (or other) units that .redirect t ener t.o.and from
the dérededegnclypign el sUopmaBHCHons FERBENS £ 2’66%436?‘2157%3 T%%%’?ééb\}e"t

eral of the
abqgve . i cont-ext: dpuch- enabl ed di spl ay.
Fb%evégéggggﬁ?P*ﬁﬁﬁfﬁﬁggﬁﬁ%%ga&?ﬁ%?gfhe p??%%?%ﬁgg di scl osed herein could
be applied even in the absence of a display screen when the position of an
object relative to an area is to be tracked. 5[0064] The various systens

di scussed herein are not limted to any particular hardware architecture or
configuration. As was noted above, a conputing device can include any
sui t abl e arrangenent of conponents that provide a result conditioned on one
or nore inputs. Suitable conputing devices include mnultipurpose

m croprocessor - based conput er systens accessing stored software, but al so
application-specific integrated circuits and other 10 progranmabl e | ogic,
and conbi nations thereof. Any suitable progranm ng, scripting, or other
type of | anguage or conbinations of |anguages nmay be used to i nplenent the
t eachi ngs contained herein in software. [0065] Enbodi nents of the nethods

di scl osed herein may be executed by one or nore suitable conputing devices.
Such systen(s) may conprise one or nore conputing 15devi ces adapted to
performone or nore enbodi nents of the nmethods disclosed herein. As noted
above, such devices nmay access one or nore conputer-readabl e nedia that
enbody conput er-readabl e i nstructions which, when executed by at |east one
conputer, cause the at |east one conputer to inplenent one or nore

enbodi nents of the nethods of the present subject matter. Wien software is
utilized, the software may conprise one or nore 20conponents, processes,
and/ or applications. Additionally or alternatively to software, the
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conputing device(s) may conprise circuitry that renders the device(s)
operative to inplenent one or nore of the nethods of the present subject
matter. [0066] Any suitabl e conputer-readabl e mediumor nedia may be used to
i npl enent or practice the presently-disclosed subject matter, including,
but not limted to, diskettes, 25 drives, magnetic-based storage nedia,
optical storage nedia, including disks (including COROVS, DVD-ROMS, and
variants thereof), flash, RAM ROV and ot her nmenory devices, and the |iKke.
[ 0067] WAMIEAT IseCIpxidgdEnt subject matter has been described in detail with
respect to specific enbodinments thereof, it will be appreciated that those
skilled in tha tarch deteppomsystDc@O081:@29764PCT/ US2008/ 074749 attai ni ng an
under st andi ng_ o . i i i ,

vari ati ons of " gt ER Y RS B PR LT LR AR, | houl d
be under sindgeed foaliredt heht pr adreimrtiehl Batliosur e has been presented for purposes
of exanpl e rafheyichBan b FikAlhone@Adn 8RS r BB &6hUIRd bORld& on of such

modi fications, varitations  and/or additions to the present subject Smatter
as woul drdséallyaheticlayd pasipdly Belew the plpeoighe teYisHdacs: 28ki 11 in the art WHAT IS

CLAIMED: 1. 4 dpou8hstatiepdst @Ry g %Hfgg%@ﬂ% liduSh fface and exter@hgiabdwdficnat i on
source positioned at |least partially below a plane of a togﬁg syrface and

conf i gur Blgnaqf theitpusd purfapggeras Fajntgrsedt weh a dgigqtigmplansgppye the plane obthe el ¢ g

det ect i 0RrBYS HRFHRASistdndNadnidurdio RASE oOkiridd Bl BUGMhesHTpaal gidaansi t i oned
partially above and partially be of .the touch slg}rg&ace; and

ow t he pl an
an opt i cHl thedelsshien Riang 434 %eF‘B’fjré’Hmé{pa\flyﬂétoél%fd’@“‘éffdettﬁgmt BHER VewnH and
ext endi ngherthRV@e tdshdRipatepa beii@oh-araitl ithd Asepsal gsh;t 0 i ntersect with a

det ection plang abqgve th | ane of the uch surfac t tjcal assenbly
confi gur ed towg‘gflp ?t"pté‘iﬂ&rsgeﬂabg'cqe%??sﬁﬁfoﬁ%%hﬁhf %’8“? e g‘?“eo"gﬁ‘.eg‘gﬁ"h path | aying
i n the deirged, itemrgiaRézht HpaoxBechndudpt ike dlampat of thenpinhokehperapt | cal det ection
systemvia a pinhole aperture, the second optical path being non-parallel

to the first optical path; wherein the optical assenbly defines a
profil e Bbei ghtThaboheletetion pysemeseobrth meldo dchbesun hapwfilethhightps ofuplitethhei ght

appr oxi ”ﬁlta%la%r&%’iéaﬂinhto%a})@&eqi aneter of the pinhole aperture.

3. The touch detection system set forth in ¢laim 1, wherein the profile height 1s less than 1
mm.
4. The touch detection 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 I, further comprising:

a bezel at the edge of the touch surface, the bezel comprising a surface that

reflects light from the first optical path laying in the detection plane back to the optical assembly.
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2. The touch detection systemset forth in claim1, wherein the profile

hei ght is equal to the dianmeter of the pinhole aperture. 3. The touch
detection systemset forth in claiml1, wherein the profile height is |ess
than 1 MM 4. The touch detection systemset forth in claim3, wherein the
pi nhol e aperture dianeter is less than or equal to 0.5 nm 5. The touch
detection systemset forth in claim1, further conprising: a
bezel at the edge of the touch surface, the bezel conprising a surface that
ref |l ect s6l i ghthdftvwindttheioh kyseh segbiticialclapat Hudtlzey congprisingt he det ecti on pl ane
back to the opti Cal 1ﬁ§1§1§£@é@é2€1 at ag edg-lér})?ik}e(?&%ﬂsﬂf%fzgﬁ%e 1%1%\{%1b%gglset forth in
claim1, further corrpr an i1l Tdmnate ezel at an edge
of the towghissgn fmos ommaawmhllmqmmw apthe edgedip tdush nface avéexderdingpt i cal
assenbl yal%@?!hg hﬁﬂee& 1 1odcD 6, B008 0fo 1543:%6:& %ﬁlﬂle%%&%ﬁ%laﬁ@d ext endi ng above
the plane o ouch surface so as to intersect with the detection plane;
wher ei n t he i Whaeih Hatlivonnasiourosise issorfamfad gudiedt gt giard dhe spiogherticenar d t he
second o Qgsérﬁlﬂ'# atﬁﬁﬁ@é&ﬂnﬁ oﬁtﬂ:gl aEJéQxb§Q§%g g&&f b S@lectds 8@AR YN r&efONfbgUr ed to

reflect or ract received fromthe illumnation source into the
first optheélb:!mnﬁﬁf”hsq“’é??mﬁ‘gthf: Frst apicad et ping i PBF dfiection ManeThe touch detection
systemset forth in claim®6, wherein the second optical assenbly defines a
second profile height approximately equal to th si ze of the inhole
aperture’- 8.1 W@“&S‘E‘EW%@ESE?E’tSFtofﬁﬁ%S’/‘sdtaéPrPs‘@tmf“b £ FFePe S A0 ur t her
CoNpri Si B&ines a second padfild 1RASE apProfiRGRAkqENId GakizdatRchiinonr a@eyaﬁceem the second
optical detection system positioned at the edge of the touch surface and
configured to receive light directed toward the second detection systemvia
anot her pi nhotrg: taaﬂﬁl‘déﬂddftﬁn s@teeh set forth in C&ﬁmﬂﬂaﬁiﬁeredﬁ@rﬁ:mg’puti ng device
interfaced w tg { alddt cong opt! qca dq el t C%m Se.tmenggltloneq
configured to*d&t" arsﬁ?oﬁgo%m RISEIO8 RV WG €4 1(% ect R ersect ed the
det ect i ont (¥ apeolasecchemidatual coofdveditededivaipht checteqbtowvalailthmt@dt i on systens.
9. The tgé{cktlmlgsetst%&tvllaoaqm %/r Lem.s etrwI orth in claimi1, further conprising a

di spl ay sys‘i R surface’ p05| tioned par aI lel to or corresponding
to the touch &uwa&megmﬁ;@znﬁg dwmchltedme@o’tlihahﬁ foyshérpcodmpndabdaggtion

systems and configured to determine a location at which an object has intersected the detection

plane based on data collected from the optical detection systems.

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.

0. A touch detection system comprising:
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an illum nated bezel positioned at an edge of a touch surface and
configured to direct light along a first optical path laying in a detection
pl ane above a plane of the touch surface; a plurality of detection
systens positioned along the edge of the touch surface and positioned
partially above and partially below the plane of the touch surface; and

at | east one optical assenbly positioned at the edge of the touch surface
and extendi ng above the plane of the touch surface so as to intersect with
t he detectionmpﬂaﬁmandh@ﬂqp@ﬁmmdmass@ﬁbﬁyumdnﬁﬁ@umedmmﬁgdﬁhedtmﬁight from
the firsg tic d opti cal
path int ogfﬁﬁlon ?gémgo@%]fa\llg Pl g% r}%o(%tégmgl%iaﬁg%& gag?&rt%q?&h %ﬁ&gl nhol e
apertures, eacﬁumﬁWKﬁém@huna$mmywnﬂmn®bmpgﬂhﬁﬁgﬂéﬁwﬁ@uhesﬁgumﬁespond|ng to
a respec i ng non-parall el
to the fF%ﬁﬁngg%ﬁ%%%89W§%ﬁ&ﬁg£ﬁ§§£W§§g?%%<Qg%5%?#ggﬁ&£g§§nbly ext ends above
t he touch surﬁé@@IbymﬁmﬁéﬁgﬁbW@p%m%mﬁﬁ%@%ﬁgﬁ@%ﬁépm$émﬁﬁ@ﬂ@@ﬁW@$@% of the

P! ur a' ' txbo% th%ial?@éﬁhe%%hfswa%&oa%% lmi%eét%%ed@{e&mp%e Mhem set forth in
cla her conprising an illunm nation source positioned at

| east paﬁ%ﬁirrafrly Wﬂﬁélllfeﬁf\iotdﬁéﬁﬂ@ﬁ@ﬁm§}ﬂf‘rﬁr&é’@“%hﬁfﬂ]&9ﬁﬁ$ Hubedteeindlane 2 | i ght vi a

the illug.patpdchpae] nt&tﬁé"{%ﬁﬁécdv@@et@&%h% enBSROHMMit) HReR abtuleasts one of
t he plnhole apertures; wherein the 1|1 yum nated beze

conpr i se&f the Rifyeethe ﬁ‘é%l‘ﬂ? HETTwET QUEIPGRERE 1P B RTSPIFE VS 4@?%%0%“&‘[?“&&1?@ path | ayi ng

in the d@éc@&idpﬁ&hlﬁzitlaﬂﬁngtrﬁmipblﬁllaQﬁtﬁé‘ﬁrsﬂﬁhba@@hth,path The touch detection
syst em set for ri SI n

h |
i |l umination ¥8Ure eﬁB’é(ia{T)?SWg’& fenglsapaye ﬂ&eatf"f“ihéﬁ%%fe %%P %‘F%‘ﬁ%y of the
t ouch SUBHALE the diameter of the pluhg epiRhddweitdrésum nat ed bezel conpri ses a second
optical assenbly positioned at the edge of the touch surface and extending
above the plane of the touch surface so as to intersect with the detection
pl ane; anmd  The touch detectivtheyseintset fogh i dawmmilfat i on source is configured to
direct light toward the secon | c ptical
assenbly is conrgﬁﬁ?ean?nm%ﬁM#h m£ﬁ§m§%§§$@g%p$;%%] aﬁﬁ?ﬁﬂﬂ%ﬁatlon
source |nmdlmhawhmdgmﬁ@pbimdhmpawhvwayuﬁgnmmfdh@dd@MEémpqﬂmywanemw 13. The
touch de gl aim 10, wherein the dianeter of each
pi nhol e gﬁé%%gggﬁ%g&%p&gE&ﬁéﬁ&%gm%gaé1 to 0.5 mMm 14. The touch detection
system set fort h vwharegl thé Hpm@ated bﬁZ@lr?emp@&?mmf@PfﬁQ&t reflects light pm|thedE§t one
conmput i ng, devi.ca etf.aced; wWht-he Lhe dehe6tdQh.gystens and configured to
deternlnema V%ca??%% ae glwparfaobjesct ha%cﬂg?ersected t he detection pl ane
based on data collected fromthe detection systens. 15. The touch

det ect i 02 SYStEMuS@ldefe@dhRysddh &l BtMisldaimfigr t her conprising a display system
havi ng a surface positioned parallel to or corresponding o the touch

surface, the dis “§V“§?§W€H%Pﬁﬂ@FW&E@HmWF?Hmﬁﬁ@“§¥k?%§ ialiybelopdiput i ng
device. phfe ofihd OMERmERabl ed di spl ay device, conprising:

wherein the illuminated bezel comprises a second optical assembly positioned at
the 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 first optical path laying in the detection plane.
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a display screen having a touch surface and an area,; a detection
system with a portion of the detection system positioned vertically above
the touch surface and a portion of the detection system positioned

vertically bel ow the touch surface; an illumnation system wth at
| east a portion of the illum nation system positioned vertically bel ow the
touch surface; a conputing device configured to determ ne the

| ocation at which an object has changed the transm ssion of |ight across

t he touchasurTmﬂamhuhenmﬁu@hnswwﬁﬁmhchﬁhn@umaemnanﬁmm@amfmmhamhm@ast a part
of the are oflth%} rgugx gereen; and at | east one optical assenbly
position@ﬁ 5ng at™ one edge of the screen, the at | east one optica
assenbly conprising a first facet that faces toward the interior of the
touch surface C t ward the interior of
the t OUCE{I Sur}‘]%qgucg‘ d§tg&%9%§l s@ttfoxtﬂbﬁ claﬂg?(?g%g{er {)?\r@ﬁg% i cal assenbly is

confi gured soatiidasttont pagirtieadegiop intpripded vorp tieclglectips setamsypndeonfiaed for st f acet

is dir ecﬁgﬁ’rengn% aq&aﬁ?ﬂn & %1119%1} Gl B3 3RIRLN AL alB&ioR feWlsdiaa @l 8ok ght

entering t tical assenbly at the second facet is directed to exit the
opti cal &@Qéﬁbkvdamswﬁ@ﬁflrst facet; wherein the display device is
configured so that light is emtted fromthe illumnation systemand is

directed into the second facet of the at |east one optical assenbly before
crossinglt-he T%U@%m§ﬁﬁﬂﬁﬁéﬁwﬂwwtﬁ¢%@Cpﬁﬁéﬁf@ﬂﬁb@@@“ﬂﬂ%b@ﬁﬁ“ﬂ@@?&e set forth

in clai Mg MIRHEiTIAB SirallePB 9 coRBB ot t6 &e taiRE QLY (e ANPEY Se&ma fir st
optical assenbly and a second optical assenbly and wherein the display

devi ce |§1%%ﬁﬁﬁﬁ@ﬁ%ﬂ”E%“Pﬁ%%mm?WEW%Wﬁhnlnatlon system and detection system
are separate from one anot her; light is emtted fromthe illum nation
systen1|néo t he fL F%ﬁtlcal assenbl. crosses the touch surface, and

enters the seCdH§'s SPIAX LT %%% directs the light into the

det ecti on syst eigpiwi Breén Rvitgali@chpefstauné zn angd t he second optical assenbly is
separate fromthe detectlo ouch- i.spl devi ce
st Torch | n EPATHPSESmErs WO b el Sold TP RET LS Lulhap B,

conf i gur egic @rfdicraact pd:rnthﬁf t!lwieteettdnewamppsmoﬂg veﬂ'ﬂq@iytb@mwhhegn@b |s1g@aog1| spl ay
devi ce set fOI’tl urlngl t?(%n. éﬂ%ﬂ{%t}l}g@%gsﬂpl ng f%{ellﬁ%ﬁétloﬁgﬁ egﬂ;o'sﬁ edassenbl y is

configured to i efrac |rst acet. 20. The
t ouch- enabheﬂy@dswﬂaymdbwuéeaset forth in cIa|n116 wherein the at | east

one opti cal a§§ Itz}{%!ie%wgg 5%@‘ 1%9?15@1% tocation at whitd a&% eEtrhgélc%Lu'xégg in the

first optical ara %€£ ane of e touch surface
and i nt eﬂi@é@nalmglomofhgm h@OSﬁ ﬂxegquch selaee, the tyrh seipeshely cm@&w Videgdt one

optical assenblh Mftwar&{@ﬂ?é didphykh&ensg@ond optical path in a plane that is
not parallel 'to the plane OP g he touch surface and intersecting with the
second facet . atleastone optlcai assembly positioned along at least one edge of the screen, the af least

one optical assembly comprising a first facet that faces toward the interior of the touch surface
and a second facet that does not face toward the interior of the touch surface;

wherein the at least one optical assembly is configured so that light entering the optical
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;
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wherein the display device is configured so that light is emitted from the illumination
system and is directed into the second facet of the at least one optical assembly before crossing

the touch surface.

17. The touch-enabled display device set forth in claim 16, wherein the at least one optical
assembly comprises a first optical assembly and a second optical assembly and wherein the
display device is configured so that:

the illumination system and detection system are separate from one another;

light is emitted from the illumination system into the first optical assembly, crosses the
touch surface, and enters the second optical assembly which directs the light into the detection
system via a pinhole aperiure; and

the second optical assembly is separate from the detection system.

18, The touch-enabled display device set forth in claim 16, wherein the at least one optical

assembly is configured to direct light by reflection.

19. The touch-enabled display device set forth in claim 16, wherein the at least one optical

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

20. The touch-enabled display device set forth in claim 16, wherein the at least one optical
assembly is configured so that:

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

with the second facet.
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