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BACKGROUND OF THE INVENTION
15 : The following patents and publications are believed to represent the
current state of the art: )
Published PCT Application WO 01/59975A2; US 6,266,048; Published
European applicatio.n EP 0 982 676 Al; Published European application EP 1 039 365
Aw; US 4,468,694; US 5,969,698; Published Japan application 2000029605; Published
20  PCT application WO 00/39663; Published PCT application WO 01/54110 Al; US
6,175,679; Published PCT application WO 99/13395 Al, US 5,767,842; US 6,043,805;
US 5,909,210; US 5,786,810; US 5,821,922; US 5,864,334; Published PCT application
WO 00/21024; US 6,037,882; US 6,121,960; US 5,789,739; US 6,031,519; US
5,736,976.
25
SUMMARY OF THE INVENTION
The present invention relates to data input methods and apparatus
generally.
There is thus provided in accordance with a preferred embodiment of the
30  present invention a data input device including an illuminator operative to illuminate at
least one engagement plane by directing light along the engagement plane, a

two-dimensional imaging sensor viewing the engagement plane from a location outside
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WO 02/ 054169 PCT/ 1L01/ 01082 the engagenent plane for sensing light from
the illum nator scattered by engagenent of a data entry object wth the
engagenmewo pt/esessand a data entry processor receiving an Ponigatoidsezom t he
t wo- di nensi onal i nmaging sensor and providing a data entry input to
utilization circuitry. 5 There is also provided in accordance wth a
preferred enmbodinent of the present invention a data input method, which
i ncl udesh¢ khgagemanti pigleaﬂor beastg lghe froen@aag]émamatqnIsaat@rdag/bwemggemngt of ght

I th I f
" ont ng A FE° EHEBGBRERT I PR TEN Plafoi s e SO e egRgdtent
pl ane T QurSenRdMahd hoHirhdRBnbNEnddih 3 RM8E bAD pREALihE MR ¥nED | glgn,gaig,errent of

a data entry object with the engagenment plane and receiving an processi ng
an out puttilizatom d¢itegittywo- di mensi onal i nmagi ng sensor and providing a data

entry input to uti |zaI| n cir. rther dac

prefﬁrred enbodi ne SﬁeprBYIg%% XCCPW@E?ﬁW% atpﬁ Sml ﬂ%ﬁenég{ﬂ/&‘ge al so

i ncl Udespr@segﬁtlﬁ‘ve%ﬂbﬁ ya r@’ear lipuR " RE@6H.0 WHARE hRdlh s ﬂ@mlﬁéugr@t e6dst oHe | east
one visually sensible data entry matrix onto a . projection surface

under | yiengagdmeené nglagge reen dinpétinge ligt @‘1@1@511%/ enghgemqré uplehgs sepbivblge aat a
entry tl’lcﬁg)gefl s _a keyboard / i n.ag coe:#;lranca 1}%at1 "
preferred By Nt TSR E e ];Oén\flew nﬁv telngﬁgetrﬂ%l H' R4t 6r°7hc udes an
i1 um najuedidd inghenS@umest phde os Rahdind lﬂghgffiom?(ihéfmﬂ&thﬁhh@m sehteRhtby
operative to receive |ight fromthe il]|um nator ht source and to direct
i gh0 alwsasant efgageifesptrpl ebiret adyithe @ﬁﬁ@geynqnh o PR TEEIiPE A

preferrer .gﬁ? TN &ffré qhy&@émf@léﬁg&%g%l Wra% 5% n&' fﬂaﬁs a.

pr oj ect Source and a spatia I on T TG

oper at esentry ihpwted uelitatightcirbwiam t he projector i ght source and to project at
25 | east one vi suaIaLHél sensi bl e data .entry t nto a surface underlying
t he engagenent er _Inpgespidangh Ywith e |en1 gige ulgt PES enent

i ncl udes; f r a

pref er egé‘erﬁ%"?ﬁﬁ@w@?m‘%%‘fﬁ Hsoh AR diry 5%?? e BRGRUBLORES B

nodulsat i grojeel - @treeust |omelv1§le$1yasenaﬁ>nmelmac etpy imatix ebmoemtprojedicteh sida |y or
alternatively, the spatial |ight nodul ation el enent includes a joined

underlying the engagement plane.

Preferably, the visually sensible data entry matrix defines a keyboard.

Still further in accordance with a preferred embodiment of the present
invention the illuminator includes an illuminator ‘light source and a spatial light

20 modulétion eler_nént operative to receive light from the illuminator light source and to
direct light along. the engagement plane.

Additionally in accordance with a preferred embodiment of the present
invention the projector includes a projector light source and a spatial light modulation
element which operates to receive light from the projector light source and to project at

25  least one visually sensible data entry matrix onto a surface underlying the engagement
plane.
“Preferably, the spatial light modulation element includes a diffractive
optical element.
" Further in accordance with a preferred embodiment of the present
30  invention the spatial light modulation element includes an aspheric optical element.
Additionally or alternatively, the spatial light modulation element includes a joined

double side truncated rod lens optical element.
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doubl e side truncated rod |l ens optical elenment. 2 WO 02/ 054169

PCT/ 1L01/ 01082 Typically the spatial |ight nodul ati on el enent includes a

t ranspar em@y2/0546r t her in accordance with a preferred enbpdi/mEntoiask t he
present invention the two-dinensional imaging sensor includes a solid state
i magi ng sensor. Still further in accordance with a preferred enbodi nent of
the present 5 invention the data entry processor correl ates the output

from the two-di menSiypally thermpgiialdighensanlanbs Blekbg: Mi:l%&éh'dﬁ‘an%nge&&!l@'. e data
entry matrix. Additionally in accordance with a preferred enbodi rent of the

present inventionFHEReerdat fcerifianeenpithi & pebysdt enbodimenides the diresentict i ve

ons 10 H T RLr o i PR Bt et BEMR R Y Bl DBt ol

element is refl ecSel-foyther invaccedants with & piefareedoghbdtmeRovethe Wrésedt | €NS
ont o t he, ro'ectiog surface. Preferably, the diffractive optical elenent;
the mrrigyve e dp@nEtEF Srogessor | Gortstpies the p@pwWedom the pro-dimemsiongher in

accor danges i ol Bl SSkaATRNETERL A N esent 15 invent i on the

data entry matri X projector an integrally formed beam splitter and
diffractive opticalAdéitonmelly sn accorfmtendtil ¥ préfarédembedimesnss the Présehi
projector, a.beamof light froma diode |aser passes through a collimting

| ens and™ VAP Ry ENEY MAEraPry ey inetndes ardiffras vo prtiqeb clsaent spish t er

whi ch br@@&%ﬂh@lt@ﬁﬁﬁh@%dél%?Vﬂ.aré.té?)lltiﬂf%’ci aps. each of 20 which passes
through a separate diffractive optical el/enent and inpinges on the

projléction surfaceTypicalypitballight phesing tHroagh ihee diffrhétdal omlcaimektrenaie

i ntegrall forﬁEd with the hbeam sgrleeahtter i.n a} rism _ Further ijn

accor dancaCHEYRY & HFEPRITG hARBE GPHi POBET YiRe B?Sé%’é%he PAYCGUORSHERS M t he
data entry matrix Pfe@ér@&??&e!dﬂfﬂa‘égﬁéoﬁtid&l Blefleht Yhe%irfﬂrfahgrtﬁ@lgn??lfefaﬁlac“ ve
optical elenents, each of which typically -corresponds to a different
matrix @&gralhuioamEdm amhsreh are sel ectably positionable al ong a projection

prasent T aventi on PRl 2RI nEER: % i Gred B bR tase T aTRFRacti ve
optildal iebertithodxiaRGtrd matrix projector includes an integrally formed beam splitter and
diffractive optical elements.

- Preferably, in the data entry matrix projector, a beam of light from a
diode laser passes through a collimating lens and impinges on two mutually angled
surfaces of the beam splitter, which breaks the beam of light into two beams, each of

20 which passes through a separate diffractive optical element and impinges on the
projection surface. ,
Typically the diffractive optical elements are integrally formed with the
beam splitter in a prism. :
- Further in accordance with a preferred embodiment of the present
25  invention the data entry matrix projector includes a plurality of different diffractive
optical elements, each of which typically .corresponds to a different matrix
configuration, which are selectably positionable along a projection light path.
. Still further in accordance with a preferred embodiment of the present
inverﬁion the data entry matrix projector includes a diffractive optical element having a
30 multiplicity of diffraction orders selected to provide a matrix configuration which has a

relatively low maximum diffraction angle.



30 nultiplicity of diffraction orders selected to provide a matri x
configuration which has a relatively |ow maxi mumdiffraction angle. 3 WO
02/ 05416WETIHL®1/ 01082 Additionally or alternatively, popIdatasentry
matri x projector includes a diffractive optical elenent having a
multiplicity of diffraction orders selected to provide a keyboard
configuration, which has a generally trapezoidal configuration. Further in

accordance wth a pddifienalgdocaboditivent, thd dithenpyaastik prbjectoy endlades 4 he data
entry matri X proj _ec$ or includes a diffractive optical elenent having a

mul ti pl i GffFaptise obficet elgmenbhavergie paliiplicily o diiTsceamprdpes Selected to geyids r i cal

di storti ] I: f i, f | tical el t,
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a preferred enmbodiletier dh fdverdanes enith al@réfevententipditentdat shee prdsgnimat ri x
projector includes a diffractive optical elenent, having a multiplicity of
di f f Pact PETIGRIRT dats sRY sy Brojestpicnsiufes ¢ diiradtiysemticgAlernsnt hayingshs

occasi ongditBcigy o PR &9%@,7%%%@“%0@%‘%9%5 %y rﬁé&%&icgl“éis{&ﬁib&

accordance wth a preferre I ment rese Invention 1n the
dat a entinperpet i Xhragiestioor pf Ithghdifffactme coppimilr etdmemoi particiighy sohigtes i s
15 conqur;ﬁd PX a Qeam conbi ner, such that two |ight beans energe fromthe
beam conBi'HEH AR Ghpear to originate in a single virtual |ight source

posi tioned behi nd dihiefRRaMm GOAREARE with & SERRLY entHdgirhd@Nr eI/ REASS
t hrough a shadow mask onto the projection surface. 20 Further "in

accoddanisgeniionihadge efiey medrie phgetitoreintludés 4 Hidfrprtosepticali slemertt ihevingtre dat a
entry matrix,projector. j.ncludes an array of light. emtti el.e ts and
o ot orUFHRGOLE dhiplckiff oGS Bbefi: B saspatle g Bapie ol URfEPRY
cont r ol | glhgoned Byl d highlyrdinglie iax'(l;gl%ﬁﬁxfo?ééﬂ%. with a preferred enbodi nent of
the present 25 invention the data entry matrix projector includes a

monol i t hi ¢ patt er AdditipEdy norogerlanemwith impregared irmew. ofthe phesent n
cccor dance Ml o LR LE BIMLIERL Bl SRS DNERSB0A
15  combined by a beam combiner, such that two light beams emerge from the beam
combiner and appear to originate in a single virtual light source positioned behind the
beam combiner. '
Preferably, the light beams pass through a shadow mask onto the
projection surface. A
20 i Further in accordance with a preferred embodiment of the present
invention the data entry matrix projector includes an array of light emitting elements
and microlenses.
Typically, the light emitting elements are individually controllable.
Still further inh accordance with a preferred embodiment of the present
25  invention the data éntry matrix projector includes a monolithic pattern of LEDs formed
on a unitary substrate,
Further in accordance with a preferred embodiment of the present
invention the two-dimensional imaging sensor is located on the opposite side of a
transparent engagement surface from the engagement plane, whereby the presence of
30  the data entry object at the engagement plane causes light from the illuminator to be
scattered and to pass through the transparent engagement surface so as to be detected by

the two-dimensional imaging sensor.



transparent engagenent surface fromthe engagenent plane, whereby the
presence of 30 the data entry object at the engagenent plane causes |ight
fromthewoObuodsmet or to be scattered and to pass throughrPCh@Lnasspar ent
engagenent surface so as to be detected by the two-dinensional inaging
sensor. 4 WD 02/054169 PCT/1L01/01082 Still further in accordance with a
preferred enbodi nent of the present invention the data input device

i ncludes a transpaggntfughgagesmenidassy hate hefeRAXIERSIiNent ¥ thB frb&nt _
engagenent pl ane, whereby touchlhpgg engagenent of the data entry object with

t he tran¥pyanintthe datadeps devisa ifchudss e sasemardnt ghgagbment suliacé slcomknetive to be

scattereg-: S ro t he transparent engagenent, sur.face.so as to
be det ecg’étgq@eyé}gﬁ?gerg%l%ﬁe“}égﬁgxg?ucﬁl%?r{%ag%%8?%%?%? 81?%151'93?0 W

t ranspar grtra@Rgage RRpdgessnt ageacexhides light Aéakhd Musifdbr MRl katdtomef a

pl anar beam of light emtted by an illum nator and coupled to an edge of

the t¥an¥p&renthreiiia demsmnspaet Rg2gwhal eiyiaco wohin do dregdgiesedtbyofthe he dat a

entry 10.,00k865hWM parent engagenent surface causes |light from
t he iIIunV?Ogat or S%&ll;lg{a@?gas{e?%?éd due to frustrated total internal

reflection. Additi Brefikylyi nhaceasmedne enphddment Bughes eLkibrohodi masiapf the
present invention the illunm nator provides illumnation %eneral l'y through
360 degr BIECEHPi R ananfsamy aidiebt emitied; hveay Wymirsieroandqospiedge secdet 9f t hr ough
360 degr @@Siranipariiel ¥ &;Eﬁ L1t KoM ol 0

intensity dirasflt%rbutirggﬁg%ﬁrt e?é’i‘Lrv\H%%@gtrt §H§1§ %ﬂggga%&ﬁﬁg;%ggé én odi ment
of tHe pelgs@ntith theventspomntadnghgasent aufface ¢aasesofight Honn it Unihfiedten ionbensi ty

di stribution provides greater. intensity at greater illumnation angles.
Still fu?ctaH%ngfiHe ?cfg‘ésrtgeé‘?‘lﬁ@twrtt?fnél rﬁﬁ%‘ft’é’fﬂr ed enbodi ment of the present 20

invention the-dat aplapihaltle ¥l §&ofda50e WA d Y ©hl eed
sensor operative to sen%qei}et he é)peaege v%hyaﬁ?%rﬁedtﬁé&égﬁgﬁte%f%%g Sje?algt

appr oacheygentive baghgeirentr pbedes iIPnehaioabdeperatlpahioulhBioh ategrees mati yhkes at
| east fi{st and se@ond wavel en teh nators operative at at

specj.fic illum
| east fiFErIBNESQBEJRHEtHEFRVENT Wg?réhij#ﬁgu@h% gt ing i ght al ong at
| easts first and sepRpgabiy! th@'il'hﬁnﬁlﬁt%?%ﬂ)vid%‘é%Fﬂoﬁiﬁ&o%%gﬁé@%stﬁﬁ%@&ﬁnes- and

t he two-di nensional inmaging sensor senses light at the first and second
di f ferent wavel engt@gherdinf feqoadanicat wish t 4 erefbetdvearbadimdenir of itite presenout put

to the dﬁltvéhtion at least a portion of the non-uniform intensity distribution provides greater
intensity at greater illumination angles. |
' Still further in accordance with a preferred embodiment of the present
20 invéntion the'data input device also includes a data entry object speed sensor operative
to sense the speed with which the data entry object approaches the engagement plane.

‘ Prg‘ferably, the illuminator includes at least first and second wavelength
specific illuminators operative at at least first and second different wavelengths and
directing light along at least first and second mutually spaced, overlying engagement

25  planes.and the two-dimensional imaging sensor senses light at the first and second
different waveleﬁgths, differentiates therebetween and provides an output to the data
entry object speed sensor.

Further in accordance with a breferred embodiment of the present
invention the illuminator includes at least first and second illuminators operative at the

30  same wavelength and directing light along at least first and second mutually spaced,

overlying engagement planes and the data entry object speed sensor is responsive to



entry object speed sensor. Further, in accordance with a preferred

enbodi nent of the present invention the illum nator includes at |east

first andv@eewesded | | um nat ors operative at the 30 sanme we@ElEngids2and
"directing light along at least first and second nutually spaced, overlying
engagenent planes and the data entry object speed sensor is responsive to
5 WO 02/ 054169 PCT/ 1L01/01082 changes in the intensity of |ight sensed by
t he two-@hangssinomal intdiBy g I%mss@ﬁseﬁoﬁy ti evo-dirfehsaihaD irhpkihg i sBaog bt on of
the speed. Preferably, the illumnator directs light, whichis emtted from
a poi nt Previdingean Kptighdigaticaraféhssiierd angle, into a flat radially directed
beam ext endi ng al eng . t he bea i relatively
narrow spread in a fe}rg@ﬁ glr? ﬂg%&%ﬁ%@%%@ﬁgwo “fr}ﬁceh lesn%%lgl?fgeﬁef?n(?n%l 3%18'.'& Still
further jonr@chougdradegeisblid angls,aherd 84t rediblgdiresitd béark Betepdias elthg theivent i on
the illum nator includes a point |ight source which emts light through a
general | SRE8EHHCT eMaBphdhg OSPmy SEVIAS 8 efRl@El JEe SPiedpiydr idechst s, an
aspheric r i ts the light emtted by the point |ight
source a?%ﬁ%nggulha??\(sea{ey%%égﬁén%%ag&engagerrent pl ane and extendi ng

per pendi cul ar to tHell fnoprdatdcosrdandeswith Rep@fplrdrdmgbodiméhtesst e preédehect i ng
light fromdjfferent elevations so that the reflected |ight passes through

the |i neD¥Entns g iinpunaieranchriss enpeiahlighly seurae avhich smélg 1bghs riereh rror,
arrange [ANE ' I t [ S NG : o] the |ine
at vari g%?%@@%é%??‘ﬁ%@%%‘é‘?%@g 5@% gegagb%ﬁk gg%gg%%%{%ﬁg’ Ihdlglea;ég?%&; pl ane,
whi cl® pl atiectex tveittiseflénto tighligh endifteteby drdpdinalgitsesrca adrigt a life tyhirg &aspheri c
reflector. Preferably, tr@ﬁ ag&geri cal dr’.ef I ectgr i ncl udes strips of a

spher i caf'® A4 AGeR eRt Br AR PEPBI TSR PrBHPERER NS, HATEREIF axi s
l'ying i nehiB&oCRGRIBABNIhPIANE diBBdneXleSRei0s PRGN I EMBLd 1iBht Pses
propagation axis. 20 Preferably, the two-di nensional 1 maging - sensor

i ncl udesthequghamgliee goliffernsgloedidns timrédomnael 4 ivisted eloEgate meirror,rrmogeat dance

ith f . i t th t. i t t he . | e- t ed
't or  er BT e €L FiiRets” e gheli e RG2 bRl i fiift Vagaun R of -
non- i f QigastRiacknes far bOIARAiANER 8 A0k, SeReslabd SRSRAMBRugB URStfate 25

having an axis-of symretry.
and traverses a slit in the aspheric reflector.

Preferably, the aspherical reflector includes strips of a spherical mirror
whose centers are offset from each other along an axis lying in the engagement plane
and extending perpendicular to the propagation axis.

20 Preferably, the two-dimensional . imaging - sensor includes an
angle-compensated interference filter. ,

Further in accordance with a preferred embodiment of the present
invention the angle-compensated interference filter includes a plurality of thin ﬁims,
each being of non-uniform thickness, formed onto a dome shaped transparent substrate

25  having an axis of symmetry.

Preferably, the plurality of thin films have a thickness which is selected
to vary such that the thickness of the plurality of thin films traversed by light beams
impinging onto a given point located along the axis of symmetry is generally identical

, irrespective of the angular relaﬁonship between the light beam ‘and the axis of

30  symmetry.



Preferably, the plurality of thin filns have a thickness which is sel ected
to vary such that the thickness of the plurality of thin filnms traversed by
| i ght beawm® 02/07apéongi ng onto a gi ven point | ocated al ong tpPeT/@N191R
symmetry is generally identical irrespective of the angular relationship
between the |ight beam and the axis of 30 symetry. 6 WO 02/ 054169
PCT/1L01/ 01082 Additionally in accordance with a preferred enbodi nent of
the present inventiadaitidhellfad acdonfiite GENH £ @ratbis@l bNBOMUBREL 8NtHePR6IcRY | ens

| ocated at the given point, which directs the light to the two-di nensional
i magi ng SWARREHMN theygiadapytdevicgalsgoneludssppamagingrispalostied suths t2iveneoins,

confi gured: sye : i f.orm: ] f . filmmterial thereonto from
a locati gﬂlcggggﬁnﬁ%%}gftggﬂ%t%;%%\égggﬁa?l&lﬂelg%flgrs%qsﬂ'y of thin filnms each

bei ng of non-uni f ofypichilykhe dsmelhafedittnsseteclibdradOisvanii g Rudthidat t he

t hi ckness .of the&lurality of thin filnms traversed b i ght beans
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l'i ght beam e axi s o urt I'naccordance W
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operative to map |locations on. the two-dinensional _inmage sensor to data

entry fuBTETSORRPINSPEORE B gven peing located #eng He qxesebpymaetpdy gensrally o nap
recei ved;of ; i i t : 1 t - d| S| i mge
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pr ef Br r esyrembiogi nent of the present invention the data entry processor

i ncludes the foll ow functionality:; as each pixel value_ is acquired,
deterni ni ng, usi ng%ﬁ@erpir&&co&g@f’ai %ﬂ'ﬁ‘ 5 ,pr%@?‘ﬁe@n@‘}i}éﬁmﬁi Qb thy iPESERD wi t hi n
‘a pr _edefnwe@c@brmz@bfacéﬁ%yrﬁgéeegbr_@sg&aﬁx}e&e_&%ﬁﬁkatmﬂslb%,sthé Bo-UBhdrQibhaP! Xel
coordi nates, adding or Subtracting each pixel value to or ?roma pi xel

total naimRggisARPT 4 data eatech furetionsey st r oke regi on based on determining a
pi xel function of t he pi.xel total h the

ach pi xel d onparing . . f.or. ea
keystroke region W? feﬁerﬁglé’u%}ee a?a I?Bﬁy%?c(ﬁ?qqdﬁ OPPR{IEE o (PP TeFeWF%%}g%&el
totals expeaRy tdiethkelscasdndabn Qe b REBROASL P inAgl! ¥BEHKQY fler B8 &Rry €01 ON
in a given frane and in the previous frane the pixel total did not “exceed

~

t he key functions.

Further in accordance with a preferred embodiment of the present .
invention the data entry processor includes the following functionality: as each pixel
value is acquired, determining, using the pixel coordinates, whether that pixel lies

20 within "a predefined keystroke region, acquiring ‘pixel values for various pixel
coordinates, adding or subtracting each pixel value to or from a pixel total maintained
for each the-keystroke region based on determining a pixel function of each pixel and
comparing the pixel total for each the keystroke region with a current key actuation

threshold. If the pixel total exceeds the key actuation threshold for a given keystroke

[
wn

region in a given frame and in the previous frame the pixel total did not exceed the key
actuation threshold for that keystroke region, provide a key actuation output.
Additionally or alternatively, if the pixel total does not exceed the key actuation
threshold for a given keystroke region in a given frame and in the previous frame the
pixel total did exceed the key actuation threshold for that keystroke region, provide a
30 key deactuation output.

Preferably, the data input device determines whether that pixel lies

within a predefined keystroke region is made by employing a pixel index table which

7



actuation threshold for that keystroke region, provide a key actuation
output. Additionally or alternatively, if the pixel total does not exceed
t he key axoozoj4o6» threshold for a given keystroke regi onpCTI1gi0sen frame
and in the previous frane the pixel total did exceed the key actuation
threshold for that keystroke region, provide a 30 key deactuation output.
Preferably, the data input device determ nes whether that pixel lies

wi t hin anpicedefirrach KRy WHeker f}@gt@d&l 1i6s WRER e AN 3trPtai@hionndex
table which 7 WO 02/054169 PCT/1L01/01082 i ndicates for "each prxel,
whet her aHaif spi wighin|Whaeh kiyshpke mejpnatibeser ni ned keystroke region and, if

so, within which troke jon it.lies. Further, i,n accordance wi.th a
preferred enbodi nen SF ! h%&%&e&lg%entwml" r‘?\/é)m#lg%?‘l& ﬁ&%dgg?ngr?#ﬂ}enamé?gps

erpl oy tikgerpion@btt dwl@xibiablstps %Erﬁf@é@bdeYindEJﬂ%bw.X@ total is maintained
for each keystroke region in a keystroke region accunul ator table.

Preferably, the coffpieriily the aixediplbismainaiyet falaach &gydkenegishdnad tabl e.
Still f‘ﬁe&r%‘t‘ﬁékei 0 i@ﬁ%&{ﬂ@ﬂgt rﬂbieh a preferred enbodi nent of the present 10
e data inpu e

i nvention vice al so includes the follow ng functionality:

once all of the pimflsblyntha. dondpinghaye chgdysps AeesEad, redRinethidsblg an
updat ed balckground |l evel for a frame and determ ning a key actuation
t hr esholt@!for the keystroke region threshold table by subtracting the

updat ed backgroundg P %&r@i&g%iﬂagj;&@gp&@r&m@rﬁeﬂt %E%e gi@\%lérf[h s

t1f

established for eacL E‘%hseifroke regl on. urther i n accordanc h a

pr eflér r edvenibodharéas imgfut ibdcpales anfudes tivefullootng fuactdnedty: fonaesll ofithencl udes
addi ng the pixel. values of a plurality of pixels in_ the ked;/stroke. regi on.

Addi t | oKLy bR TEMeiavatbegR Py oetsRe: ?ﬁf%“é}lnmgr?@tqpéﬁteﬁrbéFlgﬂi@%n eligr fhe pi xel
val ues qfranti@ﬁld)gﬁéﬂérﬂhhihg aQdey Rk ¥&liSn tH?esthBﬁl %?Mfetﬂegkr? k{eer.g%igﬂ tlﬁr@&o%&lt*a feacting
I 20v|ue¥of 0 pxe(f5| a

t heref rom pi xe a plurality eystroke region
bor der dyt sildmctihg theywptatod eackgioond 1édddifrémnalpredetrmiadeti ethreaholdeleyel t he

el ek LoD b peludes adding e pixel | vales of the pluraliiy of
21;] dnisxel s in a firshtHeeyiat AQKRI20EI With ROPASErQUIRIHIRINAOE KeYRt HRKEL €3 on
invention the pixel function includes adding the pixel values of a plurality of pixels in
the keystroke.region.
Additionally or alternatively, the pixel function includes adding the pixel
values of the plurality of pixels in the keystroke region and subtracting therefrom pixel
20 values of a plurality of pixels in a keystroke region border outside the keystroke region.
“ Additionally or alternatively, the pixel function includes adding the pixel.
values of the plurality of pixels in the keystroke region, ignoring the pixel values of a
plurality of pi)&éls in a first keystroke region border outside the keystroke region and
subtracting pixel-values of a plurality of pixels in a second keystroke region border,
25 outside the first keystroke region border.
Fuﬁher in accordance with a preferred embodiment of the present
invention the data entry processor is operative to determine the “center of gravity” of
pixel Values of pixels in the two-dimensional image sensor.
Still further in accordance with a preferred embodiment of the present
30 invention the data entry processor includes the following functionality: as each pixel

value is acquired, determining, using the pixel coordinates, whether that pixel lies



subtracting pixel:-values of a plurality of pixels in a second keystroke
regi on border, 25 outside the first keystroke region border. Further in
accor danoeow/o31@ preferred enbodi nent of the present | np€mMionidshe data
entry processor is operative to determne the "center of gravity" of pixel
val ues of pixels in the two-dinmensional inmage sensor. Still further in
accordance with a preferred enbodi nent of the present 30 invention the

dat a ent kythiy 9@esisfified aglvddesiohhgcduatd opikaigydiuictor aRabid YixePoR&eBtepi X €l
val ue is acquired, determning, usi nkgmt e PI xel coordi nates, whether that
08xe

pi xel | i a&d degerpyming tlgsFeagr pPLITRYION 19 vdlues. n a predefined active

regi on, acquiring pixel es_for. various,pixel coordi.nat.es . .an .
deternmining the " cg}ne?e:r?b%ﬂ hgrsge\?iogﬁﬁtegplr?%thgi ﬁ%l}telil‘%?%%‘g?y PP 8?}8?%% 3 the
step of dett@lyinpitngpikbleval@RyeX aaf Wkakd ¥prdsentdghing \vedgiyhic pabitibhRIryi ng
the pixel values by X and Y val ues representing the geographic position of
5 each pP¥8IPIxdysHRAELttHe resuls ploge anghy hpermendigulperise fd aed Yasumxisg X and
Y, summ - [ | | evant pixels for the
active r ogi ar b P geib® i st Telat BT Bl Bl b RB el e BiecRl o

val ues t sumtebérayitheby e Xtahofith¥ piad veiueatedet@ininé fir X agdtéordingteavift y" ,
whi ch represents desire ngagenent | ocation. Typically, the pixel values

¢

are t hr eSNoPEREEF Prerafht oVaisAREHES ket disired ereaggmeRdecativiaccor dance with a
referred enbodi memy,; j i = U jant ensi t
p | el el e n}@?{as&cx'ﬂ#es af%t}ﬂ%@hétﬂﬁgd {n\t,f\gr_ tg%ﬂm%h (ﬁ{eﬁ%df.n y

di stribution varies over ti Preftera i mensi onal sensor
‘opet@t es to view Bufheer entccordegt ngithi ®ldsfeatd dmbeliesht of ks @asknpher ei n
the operation of the iJlumnator is. correlated with the operation of the

L
t wo- di meHSPEHA by refGE LS BHensit SHSTIRRUOR Y 2HES Y &S ty “of |1 ght produced by
the illum nator vapjsabl), SHOCRIRBIALILARN \%%I )r/ag?éﬁg@g! 39 vidv ehifrekpgat i on

of the two-dinmensional ifmage sensor. Prefera e di stance between the
t wo- di mensdgrg | fickdsnstodifiarenti times ed Wwherginnghef opérdtibw ot thenillundnastasds, t he

tenet Lol g, Mo ded b e bumpeior, ncresses, 20 Typicelly,
I oo s o ane s g TR BT S 1
tield location of the two-dimensional image sensor. - - : . : :
~ Preferably, the distance between the two-dimensional sensor and its the
imaging field location increases, the intensity of light provided by the illuminator
increases.
20 ~ Typically, the data input device also includes variable intensity drive
electronics which is coupled to the illuminator and to the two-dimensional detector and
which causes the intensity of light produced by the illuminator to vary in
synchronization to the imaging field location of the two-dimensional detector.
Still further in accordance with a preferred- embodiment of the present
25  invention the data input device also includes a digital signature generator receiving an
input from the data entry processor including intensity, position and timing outputs and
employs the outputs to provide a digital signature.
There is also prbvided in accordance with a preferred embodiment of the
present invention a data input device, which includes an illuminator operative to
30 illuminate at least one engagement surface, a two-dimensional imaging sensor viewing

the engagement surface from a location outside the engagement surface for sensing

engagement of a data entry object with the engagement surface and a data entry

9



synchroni zation to the imaging field location of the two-dinensional
detector. Still further in accordance with a preferred enbodi nent of the
present W&o0Y684e6% i on t he data i nput device al so i ncl udesrar/aiogionesk
signature generator receiving an input fromthe data entry processor
including intensity, position and timng outputs and enploys the outputs
to provide a digital signature. There is also provided in accordance with a

pr ef er r egroesdaotlicaBiRtngaln dutsut fwnea@nwotdimeﬂshbm uﬁa%iﬁ‘é §ed55'rpé%fd #6VilER 2 Whi ch
includes an illum nator operative to 30 illum nate at |east one engagenent

sur f ace, %Ia taREY dinaeh & shBzationegionins ehe clatay pwwi pepcesser engpigeng shadow f ace
froma | g Son out si de the engagenent surface for sensing engagenent of a
dat a entr gb'ect wi th the engagenent surface and a data entry 9 WO

02/ 054169 PCT/ 1L017TR4:082 furfHed paSAEId 1h@9‘a@cbfdbﬂtg With 8'phdtbitred ERBddIREGNt of
t wo- di nensi onal i magi.ng sensor and &row ding a data entry mgut to

utilixzat ihSrPféfFel“Elhli“{eWOﬂ teheata dnputeme 9d,prl§é51§©hld€&rﬂlmmttglgsaia oSy ormnal ysi s.

There is C ce.with a enbodj nent of 5
The. or eoaigbbiblc SEAN RO e AoRRRE dut o oREH H 0 FSTRRE ThES ng a
| east o n&nsc&r@c&g ariedmttzoawum&set,he \éh@@eﬁ@ni HLfe08RG r?gﬁéérﬁ@rﬂ ot tdata
t wo- di nensi onal sensor froma |ocation outside the engagenent

surface FBY scg%%cit n qhnﬂ&géﬁé@ﬁef@m auglace andnpropesiigcn Wit tﬁ‘l@meﬂtﬁagenent
surface ghdyACRISI ﬁt?d’%ys%#%]og E{'xd ﬁJFOOQ{RIILEE da{av&trglurlrﬁlq 3 ﬁtnl?z,atmqgg Sensor

and providing a data e I'zation’cifcui dat a

ent rip prme@amt@rmbmﬁm@ngih@dmgw}mda{w@a@smmrt her “in accordance with a
preferred enbodi meEt of the sent énventi on_the il lum nator includes a

non-poi nt |ight sotiPERETaliy ap¢edangs Wit myelret csradimenipplojhe arespaidow
density mRehitehe LIQuHRLR): nﬁ@@de% '&%O%EEH 1@'1%?}1% s&jrcéagtgcgﬁleqataaerﬁ QUL gef i ned

by the non-point |ight source and t ta entry object on e engagerrent
15 surfa@éploma(ﬂhadcrm|d©aslasaltaﬂuezeprt@dﬁﬂaqnmbyh@‘sharpm:ssiaf adgntofya sthidest to the

el udes™dmgR dpalts jorbPor SREF seber cad i deeredatiounts i FOEEEBBR enpl oys
Shadows dof red by Tho ol e b e e e e & JaT RIS o cct
on the eﬂkﬁ@@@rrent ysur f age whi CK i ndi cgt es the propi-nquity of the
‘Additionally or alternatively, the illuminator includes a plurality of light
sources and the data entry processor employs a shadow coalescence analyzer to
determine the extent of coalescence of shadows defined by the plurality of light sources
20 and data entry object on the engagement surface, which indicates the propinquity of the
data entry object to the projection surface.
Preferably, the data entry processor includes the following functionality:
as each pixel value is acquired, determining, using the pixel coordinates, whether that
pixel lies within a predefined keystroke region and within predefined left and right
25 keystroke subregions therewithin, acquiring pixel values for various pixel coordinates,
obtaining the derivative of each pixel value along an X axis, summing the derivatives
for each the subregion, subtracting the summed derivatives for the two subregions in
each keystroke region, one from the other to provide a difference and comparing the
différence with a current key actuation threshold. If the difference exceeds the key
30 actuation threshold for a given keystroke region in a given frame and in the previous
frame the pixel total did not exceed the key actuation threshold for that keystroke

region, provide a key actuation output. Additionally or alternatively, if the difference
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data entry object to the projection surface. Preferably, the data entry
processor includes the following functionality: as each pixel value is
acqui r ed,waer/exmioni ng, using the pixel coordi nates, whet hreTAlMA0108Ri xel
lies within a predefined keystroke region and within predefined |l eft and
right 25 keystroke subregions therewithin, acquiring pixel values for
various pixel coordinates, obtaining the derivative of each pixel value

al ong ando¥s awt exceet it NGy theialeh iNRERNE For b PivE@PREYstBRe $4RELH QMbiven
subtracting the sunmed derivatives for the two subregions in eath

keyst r ok e gndH! therueYipunireme the pie! tajalphe eixeredahelkey erwniden tmesholdhpar i ng

the dif i : cu g .1on threshold. If the difference
exceeds iioﬁ%%ﬂ%&s%ﬁé;rce A Ejf)oﬁ;?%%e{r(g%yh%%g&%?n 3ut8}1t\‘/en keystroke region in a
given frame and i rbrefeatily et of dasmnibhg @hpleys bqfiadl idisk aple, exsged the
key actuation %ﬂ?r eshol d for that keystroke reglion, provide a key actuation

out put . 'REERIET B1ERER PiFEL thethen that pisiel lieg vithine predsteninedkkeysoolMpDegRM054169
PCT/ 1LO 1 ] e uation, threshold for .a given
oyst r okt il RS 00k LERRRE 26 KGeRS! HBMLP RN BT RNS o' PheBpte
total diltesexceed the key actuation threshold for that keystroke region,
provi de a key deactuation output. Preferably, the step of determ ning
enpl oys a pi xel i nbgkcallypfhe pivglitetsl isompintainest fos eqchrkeg sterkepiuksgioninet her -

t hat pi i it hi i ned keystroke region and, if so, within
Xl&gstkd Subfe {Unnac@urﬂﬁﬁﬁ?ttfélg? .

whi ch keystroke region as we as Wi thin which keystroke subregion it

liesl0 Typically, tSigl firtet it atedrdame Wit bairaferell @intRaiherk @i $hé Phesubr egi on
in a. ke%(str.oke subrgg‘ir on accunul ator table. 10 Still further in accordance

with a pPEFEPCRERF Sehy PRGN St sy tieke iegiparitieshpld klst ep of conparing
enpl oys a keystr okeddigghaf HUeSAGhG hARlLorerdld dnnahly dnépraedance

with a preferred enbodi nent of the present inventio e engagenent pl ane

i s assochensigniie ¢ngagpubit-pdaneris tssayiaied vetlve bildldewntieryein m vehiek whdrkindown
tray defjnes,an_enga nt surface which is .configured r.ojection. 15
Furt her tlhgSL&(‘:‘@BYVH5‘%&g%&ﬁ?%a%e%F%?r&?rFéﬂr%%%%ﬁFmoggguﬁeﬁg’ﬁggg_ % i nventi on
t he (tswo- di mensi onaturtel 6t &copfRdcd IWidMNakFEred @ntpaRcdRl GO M biksgncaner a.
Still further in accordance with a preferred enbodi nent of the present

i nvent i oRVEIHEn theoar @istearionall dethstos end illumidaior brerrssteiased Witk agsmori at ed with

a home Still further in accordance with a preferred embodiment of the present

invention the two-dimensional detector and illuminator are associated with a home

entertainment system. _

20 Additionally in accordance with a preferred embodiment of the present
invention the engagement plane overlies a television screen forming part of the home
entertainment system. .

Further in accordance with a preferred embodiment of the present
invention the e_ngagemént plane is associated with a table.

25 Still further in accordance with a preferred embodiment of the present
invention the engagement plane is associated with a remote control device. -

Additionally in accordance with a preferred embodiment of the present
invention the engagement plane is located within a restricted particulate matter
environment.

30 - Further in accordancé' with a preferred embodiment of the present ~
invention the engagement plane is located within an industrial environment unsuitable

for a conventional keyboard.

11



entertai nment system 20 Additionally in accordance with a preferred

enbodi nent of the present invention the engagenent plane overlies a

tel evi si omoszoaaes® form ng part of the honme entertai nment PEYSLOL0SEUrt her
in accordance with a preferred enbodi nent of the present invention the
engagenent plane is associated with a table. 25 Still further in accordance
with a preferred enbodi nent of the present invention the engagenent plane

is associated w t prafer@fIpt e GAHIdIRENIAl EBtectdd Ahl PRI Nador e B666TaEANCE Wi th
a preferred enbodi nent of the present invention the engagenent plane is

| ocat ed With Aiviflea PF@stPl.cted particulate matter environment. 30 Further in

accordance wth a ﬁﬁf%@‘g}{eggn \%E%%ﬁjén@g r%ithog daér%&%rgtﬁ %?n%%&lmén[@\é?%é ﬁpesgl{;'t:bl e

engagenent pI ane 1s In an 1n environnment unsul

for a canvamnihahatwdkeinharional deteddd £/ 10616 rRET Adsb0ibicd 1082 a rét@frat@abl vy,
t he two-di mensi onal detector and illum nator are associated wth a video
proj ect dratroaintertage 1By i n accordance with a preferred enbodi ment of the

present inventi O“A&&qﬁoﬁé’@‘ gl iEES%%J?&%ﬁH%t ﬁ%ﬁeﬁfedae%thhéH{" JahOLraL

associated with a restauran ron 1nterface system A onally in
accor danaeentionhtha tpoefimensohat dodiorant itmidaeorpire Rdciated wetht 4 anodilke

t wo- di nensj orlal detector and illum nator are associated with a nobile
audi o plBFPAYSIr ther in accordance with a preferred enbodi nent of the

present 10 inventy =i ona i | i rovide
touch screen funcﬁ%ﬁgp?t %/%B%g%rq%gf% 5%%%%8%%{?@@%&%##@&?%%%% ity
enplidys iavaritideo thk spagimensioesn.defsicidr| afdir flhetinktor apeeiddanocechm dcheem
preferred enbodi nent of the present 15 invention the:two-di nensional

det ect or'UBHPYWuri nat or provi de access control functionality. -

Preferably, the touch screen functionality employs a video display
screen.

Still further in accordance with a preferréd embodiment of the present

15  invention the two-dimensional detector and illuminator provide access control
functionality. |

Preferably, the engagement plane is associated with a game board and
wherein the game board defines an engagement surface, which is configured by
projection.

20 - Additionally in accordance with a preferred embodiment of the present
invention the engagement plane is associated with a musical instrument and wherein the -
musical instrument defines an engagement surface, which is configured by projection.

} Further in accordance with a preferred embodiment of the present
invention the two-dimensional detector and illuminator provide vehicle telematics

25  functionality. Preferably, the vehicle defines an engagement surface, which is
configured by projection.

Still further in accordance with a preferred embodiment of the present
invention the two-dimensional detector and illuminator provide automatic vending user
interface fun’ctionality.

30 o There is further provided in accordance with another preferred
embodiment of the present invention an angle-compensated interference filter which

includes a plurality of thin films, each being of non-uniform thickness, formed onto a
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Preferably, the engagenent plane is associated with a gane board and
wherein the gane board defines an engagenent surface, which is configured
by proj exoopes41®0 . Additionally in accordance with a pre€eiredi@ebodi nent
of the present invention the engagenent plane is associated with a nusical
i nstrunent and wherein the nusical instrunent defines an engagenent
surface, which is configured by projection. Further in accordance with a

pr ef er r etbngsThiegedrehsdtert: RALAFLS BMing IaAVEM b gyﬁlﬂl%tr%y\@héj irpﬁﬁa&'y QFahindet ect or
and illum nator provide vehicle telematics 25 functionality.” Preferably,

t he vehilems hase pilisknnss.emyaly énsstrctesiip fvatse sudthihehthie shickmmss pfjthe gdurblity

proj ecti . Skl r f: ccordance.wth a preferr enbodi nent of the
pr esent &{}%Wgﬁﬁkllksotﬁi\%éﬁsteegfg v&)hgl? t?rbiaerelusnisolﬁné)lm%%% 8&00? ngﬁa pp}r}%ﬂ?ﬁag% %Pn%ﬁ vi de
aut omat i axivenginiigettss B genkerligri@gal itshd@nalot e andllaf ReEorsElp Hetkder

provi ded in accordance with another preferred enbodi ment of the present

i nvent i dhe Hahthsghanddhperis af 8anmater f erence filter which includes a

plurality of thin i ; h j:NQgy 0 n-uni form.t hj ckness, ferned onto a
12 WO 02/ 054169 Pé{?}eﬁgf/ %%8#848(@%% Is“h%%%%lrld??gaens‘gfg} oht h%ﬁ%%t?rgfeg%ﬁavi ng an
axis of eybudihent. off e pireveat iihyentibnt &imethbd | f58 Migstrgaligh elop@Ssng Wai ch i's
selected tp vary, such that the thickness of the plurality of t%}i nfilns
traver S@g%cqm@q@atggé%rfp%p%@tﬁ@ Wrich iBclydesed pherldy plodin ddms) e#d t he

axi s of (YR e i i irr i
rel ati onﬁ@g%ger%é&e‘%}\gﬁg {hﬁg& %?%%?%%ﬁ%llgn% Cf[%geeg%p\ségogns?g%ﬁré?%h%er eis
al sdOpr cdwivihgdan mxacadossdamery wirhé phurblityt b thipridferii=d a éritiogdssmemichofs t he

present inpvention a nethod for, filtering |light enplaqying an .

ang| e- cosﬁ{]?é’f‘?gé? AT B el bR dicknast gf the glpgapity H‘%T%g‘é’ﬂ%l%ﬁlf"d?egl by Yigl thin
films, eaghs ke on UL f Ok | : » ed

t ranspar ent sgﬁ@ig{ﬁ?xﬁénﬂ%&‘ﬁg{% g ngpnlhg%a&is(gg)?l %St)k}%{[éfé}‘ %ﬁ]rgetgll Ss?gﬁe?@%gf thin
fil ms hadentmal hiespaneiss ofitficcingubr rdeti@shpdatweanathy lighcbeahhaid theexishifckness
of the plurality of thin films traversed by |light beans inpinging. onto a
gi ven po?At™§'Bcat ed al ong the axis off symmetry is generally identical

;)r( " aspect lsyramgz r; @rﬁ@g%aacc'b?daﬁ&é aishi P pRELMEL RntdRichd@ s BRADIARE the
invention the dome shaped transparent substrate is configured such that evaporation of
film material thereonto from a location spaced therefrom produces the plurality of thin
films each-being of non-uniform thickness: The non-uniform thickness is selected to
vary such that the thickness of the plurality of thin films traversed by light beams
20  impinging onto a given point located along the axis of symmetry is generally identical
irrespective of the angular relationship between the light beam and the axis of

symmetry. _

Preferably, the step of evaporation is performed in a uniform manner.

25 A BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood and appreciated more fully
from the following detailed description, taken in conjunction with the drawings in
which:
Fig. 1 is a simplified and generalized illustration of a projection keyboard
30 system and methodology, constructed and operative in accordance with a preferred
embodiment of the present invention;

Fig. 2 is a simplified illustration of a keyboard projection subsystem
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15 Further in accordance with a preferred enbodi mrent of the present

i nvention the done shaped transparent substrate is configured such that
evapor at ivod 00654149 | m mat eri al thereonto froma | ocati on spar@dionhesezef r om
produces the plurality of thin filnms each -being of non-uniformthickness:
The non-uniformthickness is selected to vary such that the thickness of
the plurality of thin filnms traversed by |ight beans 20 i npi ngi ng onto a

gi ven poinfbio|aeal egrratend th@al aéférﬁerﬁf g %H%W %\}é}gh@al ralcl)ﬂséquQBté

irrespective of the angul at relations i ght beam an
axi s of orgyavetin yccoRtaaf:emlhlaypreﬁehedsmbpdinfene«fﬁqhelp&tsemnnvaltmarfor nmed |n a

uni f orm nanner . F D(E | PTI ON OF THE Vé!) hle qqesent, i nvention

wi Il be understood ‘&Frd’gpﬁp B8 PtV Sipplifieq migtaEak 8¢ JRP nyictet ai | ed

descrlptq [ | is a
R s S T

and et hapdidEoang difoavsive optiend ekentbnisp evmmtriuvied iand apmndfancm:cwdahcaawﬁihezf erred
i nvent.i.on . 2is asinplified illustration of

mbodi ment ..of .t h
a Ee;/geolng’&‘f%BijSI”Z)fB?r”gers?? t%@?é?%’?ﬁmﬁm% 02/ 054169 PCT/1L01/ 01082 enpl oyi ng

a diffractive OptIE@4@5@§r§xghﬁé@ﬁld§ﬁf¥tﬁdiﬂo%hﬁéle ﬁ%@nrkeyﬁemtp&éj%&ﬁl and
operatl ve in accordance wt referred enbodi ment of present

i nvent i ofbsysigys engAowng EBBhJéﬁﬂéYr@s@ékmnveh@ian@W ppiéenl mlezmem:; athielndre op vi ew

Formed Dbl B PR Re R P DR O R b SRS L

operiat i vig abébra@rfé@r\ﬂ&n@pre\férfeh e@hboﬂ[rﬁérﬁlbfﬂfé ReRadintBitonef the present
invention; Fig. 41is a sinplified illustration of a mJItlpIe f or mat

keyboard proj ecti ofigs-saBsprd ¥R éplrespenidvea spnmlrfeﬂdu pyctczﬁal caridf sidenview
di ffract 'lﬁgcraQB% 89& k?}}b‘%ﬁ?&%ﬁﬁ%bﬁ hub% Stem’® (ﬁ@%}g yd1 8&?8 gleme tn g a

keyboard prolec I on const it e €cor dance

with a pietg deftaaoodideBniclated ttepwve@eeatkelybmatdo@ﬂguﬁtmﬁ wiiéh acmsl B are
respective simplified pictorial and side view jllustrations of, a.

keyboar df e&r“dﬂéd?‘i”dﬁa’%@ﬁ%ffé%ﬁl@ﬁﬁpﬁﬁ GogSTRUCHd Fndapneraiiye ap £eqealange atibnt

having déiB ef"é’?x%ﬁ'e%oﬁfrg&{t%fﬁl%lp‘?gsteﬁfjmtz&tf%ov' de a keyboard configuration
whi ch has : ’ ‘

Figs. 6A and 6B are respective simplified pictorial and top view
illustrations of a keyboard projection subsystem employing a beam combinér,
constructed and operative in accordance with a preferred embodiment of the present
invention; ,

20 - Fig. 7 is a simplified illustration of a keyboard projection subsystem
employing an array of light emitting elements and microlenses, constructed and
operative m accordance with a preferred embodiment of the present invention;

.- Fig. 8 is a simplified illustration of a keyboard projection subsystem
employing specially configured light emitting eleménts, constructed and. operative in

25  accordance with a preferred embodiment of the present invention;

F igs.‘9A and 9B are respective pictorial and side view illustrations of a
data entry object engagement location sensing subsystem employing a camera located
on the opposite side of a transparent data entry object engagement surface from a data
entry object engagement location sensing illuminator, constructed and ope;ative in

30  accordance witﬁ a preferred embodiment of the present invention;

Figs. 10A and 10B are respective pictorial and side view simplified

illustrations of a data entry object engagement location sensing subsystem employing a

14



relatively | ow maxi numdiffraction angle, constructed and operative in
accordance with 15 a preferred enbodi nent of the present invention; Figs.
6A and 6Bvaproe®pective sinplified pictorial and top vi eRCT/ildiesiszat i ons
of a keyboard projection subsystem enploying 'a beam conbi ner, constructed
and operative in accordance with a preferred enbodi nrent of the present
invention; 20 Fig. 7 is a sinplified illustration of a keyboard- projection

subsyst effinsgRhON Ry bt ethobheit s8fibt tekiBitle RNt iaald i &ishenses,
constructed and operative in accordance with a preferred enbodi mnent of the
present ¢awEwitoand Ppgratige iis ageasiansei witked prefeost remtiodimott of the pbeantd

proj ecti %Qens[%%syst em enploying specially configured light emtting

el enents, constructed and. operative in 25 accordance with a preferred

enbodi ment of the Pigesenh addversioe;sidhlded AhstnebrdRiad QafL&REC bbjeet
pictorial and side -viewillustrations of a data entry object engagenent

| ocat oneREERSNAR} SeIE)BL tsEIEpIsEYTEIE Yapler el ebadost sherpresie soplysisi te si de
of a tr ansRan&at af?(?t)ogg{élﬂrvé ¥n %@éo?ﬁgnclg lr\?lgl?n%nnﬁ;‘rn%e}‘r%& Egggb%%ingérggc}ﬁg%%%s%tem ry

obj ect engagenent oh 'sensi ng struc rative
in 30 ageeitimnce with a preferred enbodi nent of the present invention;
Figs. 10A and | OB are respective pictorial and side view sinplified

il lTustrations of aFi@std28mndy 13B;ase siraplifiageitbgrations aafi datsermiingbisabsyst em

enpl oyi n&g@(é%n]l?ht\/\gcgg{)]g 55%219%6 P%E(E{Si%‘tgl‘}i/ gﬂ’lgﬁoi'n%t, éﬁ?%g?rgo@}esge%tcg ki obj ect

engagenent rface exhibitin inté i on, ~constructed and

operidt i veonstiuaed andlape@tive i aacqpdsicerwigd aeprofedietremibodfmét & fphe pesbnt
invention, Figs. IlAand IIB are sinplified illustrations of a data entry
obj ect BV&HRgenent |ocation sensing subsystem enpl oyi ng shadow shar pness

anal ysis, constr UPf‘g@.d1@‘Rdarfap?f@tajré/%irh@lifgeglcﬁ%g%ﬂﬁﬁquf{zgd@tapén‘?xfye()‘;}fegtl o

enbodi nent of the present 1nvention; an are sirnp
i |1 ustratigegemeft docdtita smsing obpystem dngagementll degtd odetsdinsi nopgsubsyst em

orel ol g, Shadey seabesence senalog. .12 Sonstoucied, and oppraLive 0
1S  invention;

Fig. 14A is a simplified illustration of an illumiﬁation subsystem
including an illuminator which provides desired non-uniform illumination intensity and
employing an aspheric element, constructed and operative in accordance with a
preferred embodiment of the present invention;

20 Fig. 14B is a simplified illustration of an illumination subsystem
including an illuminator which provides desired non-uniform illumination intensity and
employing a diffractive element, constructed and operative in accordance with a
preferred embodiment of the present invention; ‘

Figj 14C is a simplified illustration of an. illumination subsystem

25  including an illuminator which provides desired non-uniform illumination intensity and
employing a combination of cylindrical lenses, constructed and operative in accordance
with a preferred embodiment of the present invention,

Figs. 15A and 15B are respective simplified pictorial and side view
tllustrations of a data entry object engagement location sensing subsystem including a.

30 data entry object engagement speed sensor having plural illumination and detection
planes and employing plural illuminators and sensors, constructed and operative in

accordance with a preferred embodiment of the present invention;

15



Figs. 13A and 13B are sinplified illustrations of a data entry object
engagenent | ocation sensing subsystem having a 360 degree detection range,
const r uctved oaesd1®@per ati ve in accordance with a preferred pabodiveres2z of the
present 15 invention; Fig. 14A is a sinplified illustration of an

illum nation subsystem including an illum nator which provides desired
non-uniformillumnation intensity and enploying an aspheric el enent,

constructed and OpEigat i8& hit a6BOkGanspectivt hsidpligtelBEbAg enbadismmpt of the
present jnvention; 20 Fig. 14Bis a sinplified illustration of an

i |1 um natiuglFatienp &y atdsia entic PUgFiRcagemet Upsatian ensing srbsystew wekiddssi r ed

non- uni f | I nat.| I ity i.hg.a diffractive, el.enent,
constr uc%éﬂneg{rﬁ%%@?a@b g%h%hggéécetgr Sc@%%eh%{?$%édrgg%lg¥nelp %tég &éh (()igﬁe M of the
present planeanindenpldyigg plddl illsmimasirsphd & isedld dehbet caistabte@fan@bperative

illum nation subsystem %5 i ncluding an illum nator which provides desired
non- uhi f@r%%?rawmmﬁt%w STHdeHRod e @1 therpippt Wy eRi@snbi nat i on of
cylindrical |ensesg;,c0 r a LVE | c i
preferred enbodi ne%tgg'o? §%hée+%?zge%§ %ﬁ@%ﬁ%’% osﬁmbﬁﬁg(&s:%?ﬁcgﬁﬁagnad \%‘tﬁ%élr%le
respect i Nlestsitiops of netitgpémtyoobjatt aigdgsnee lydagion sehdits btk kemsinofudimgdat a
entry object eng)g}gement | ocati on sensin subs?{st emincluding a, 30 data

entry ob{®%ENERPRFShEREAESHEEY SREHsHistalaviee plurhillyntipgiamand ¢ateatien
det ecti : OYi PN N Ty [ t ted
T e T

and operative in née Wt resent
i nveht i oim;acdddiMOe GAIOS At ERreRCTItbdOA¢ R D8R prédegsinvififorand 16B are respective

sinmplified pictorial d sectiqnal. illustratigns of a data entry object
engagenent | ocati gsggéﬁ %@}f"é}h}%@gﬁ‘ﬁﬁﬁl%i) th HyHnagR T riflra;f_{aéaofféﬁt
engagenesject PEBHg SRET Olochi @Qmsli}{gurs%sy%ﬂelry%ﬁaédlgl@ ﬁl%da%ﬁreﬁgtﬂeﬁgct Rl anes
and enploying plural illumnators and"a single s ngo , construct egl and

oper at | veonssuqtefl aed operaiive imiedordanpe efitly a gueferrbd dimbedimaft dfhtbe presant

i nventi o.%'\/enlgio s. 17A and 17B are respective sinplified pictorial and
sectional “i1%ustrations of a data entry object engagenent |ocation sensing

subsysst em i ncl udi ngiga19dabasigplifivd ahiseahio BYAGRFRNEEREE S eNEFErehY i NY
plural i]lum nation and detection_  planes and enploying a sin

i 11 uni naliléir amaloyedi iglae dalanswry Qhoerst engegementindoceper atenyiag su%lsgstem, :
constructed and operative in accordance with a preferred embodiment of the present
invention; ‘

| Fig. 20 is a simplified flow chart illustrating operatiori of a data entry
20  object engagement location sensing subsystem employed in the projection keyboard
system and methodology of Fig. 1 in accordance with a preferred embodiment of the
present invention;
Fig. 21 is a simplified illustration of a preferred data structure employed
in the operation of the data entry object engagement location sensing subsystem shown
25 in Fig. 20; | ‘
| Fig. 22 is a simplified pictorial illustration of outlines of typical
keystroke regions as sensed by a two-dimensional image sensor viewing a keyboard,
such as the keyboard seen in Fig. 54,
Fig. 23 is a simplified pictorial illustration of outlines of typical
30 footprir;ts of a typical light pattern occasioned by data entry object engagement with
several keystroke regions, such as those shown in Fig. 22;

Figs. 24A, 24B and 24C are simplified illustrations of three alternative

16



10 in accordance with a preferred enbodi nent of the present invention; Fig.
18 is a sinplified illustration of an illum nator useful in a data entry
obj ect. owgayeweét | ocati on sensing subsystem and enpl oyi PQT/aigpleers2c
reflectors, constructed and operative in accordance with a preferred
enbodi nent of the present invention; 15 Fig. 19 is a sinplified
illustration of a angle-conpensated interference filter enployed in a data

entry obpnetlod6RgRE HRMeinAfRE (R AigRASH BY IRUDKYISHREN the kORBbLY&Ssh and
operative in accordance with a preferred enbodi nent of t’he present

i nvent i ofyhickiiglies2g shewa isFigpRlfied fl ow chart illustrating operation of a

data entry 20 obj n cation si,ng_subs em enployed in the
proj ection keyboar g%gsggfgg%ﬂ;%ﬁ& %é@h%%&nbndgggflhﬁ'%ﬁ%ois ?gi%rﬁ%eéownigﬁlh@_ﬁf’ with a
pr ef er r edsegutiindhde@sthndifig Fi8. 24K €8@¥nd J0¢gntion; Fig. 21 is a sinplified

illustration of a Er eferred data structure _enployed in the operation of
the data entry obj 8t 28rigagemekitied deut plnat Hhwtiting epasanan ehe shiewntry25 i n

the data entry obj Sii 2rigaqEmeRicd deat fow Sasoving spmet oft shawnios,
ypi cal OWeysr FareRel PO Stk M rablifhalal BRuhy Ribemoahior

vi ewi ng meteyblogy donsisictdd @sl dpeeative ihaatddarefvitna brderr&@PembbdmeRBof S a
sinplifi %d pictorial illustration of outlines of typical 30 footprints of
a typi cal"CPfGREt PPEEYSRh occasi oned by data entry object engagement with

several keystroke [ v S :Q&? A L0.. 22°c Flgs. 24A 24B
and 24C are sinpl i?%&qﬁﬁlaugﬁgﬁ?gr% 0 E?ﬁpgégﬁghgeoﬁﬁ%ﬁoégdf %&%aﬁ / 054169
PCT/ILO1p10% a3 shasowatalpogisesaliysis inletw@idanoe mgthtdherefamnrdtentidddfient e i xel

within the keystroke region in which it lies as shown in Fig. 21; Figs. .
25A, 25BPTSH DBEME sinplified illustrations of traces which are useful .

0 under st andi ng Frgsas 24irad e, fGon S Fike. 201 1y 3R HSeLd | oW

chart illustrating operation-o ata entry | ect engagemnen ocation
sensi ng suhsyptretvrenpiheydath éntryaottjec ekampneys toeati@ngnsing tshisyslepgshown
const rucllneﬂgaiyj operative in accordance with a preferred enbodi nent of

15 . Fig. 29 is an illustration which is useful in understanding the flowchart of
Fig. 27,

Fig. 30 is a simplified illustration showing synchronized illumination
power variation functionality useful in accordance with a preferred embodiment of the
present invention; -

20 Flg 3 is a simplified illustration of a system and functionality for
- providing a digital signature in accordance with a preferred embodiment of the present
invention;

F1g 32 is a simplified illustration of a keyboard system and
methodology, «constructed and operative in accordance with a preferred embodiment of -

25  the present invention and employing sensing of data entry object interaction with an
inert keyboard defined on a pull-down tray;
' Fig. 33 is a simplified illustration of a keyboard system and
methodology, constructed and operative in accordance with a preferred embodiment of
the present invention and providing alphanumeric annotation of photographs using a
30 suitably equipped camera;
' Figs. 34A, 34B, 34C and 34D are simplified illustrations of four

~alternative embodiments of a keyboard system and methodology, constructed and
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the present invention; Fig. 27 is a sinplified flowhart illustrating
operation of functionality 10 providing shadow sharpness analysis in
accordanoeow/of31@ preferred enbodi nent of the present i np€MiMI082 Fig. 28
is asinplified illustration of a preferred data structure enployed in the
operation of the data entry object engagenent |ocation sensing subsystem
showmn in Fig. 27; 15 Fig. 29 is an illustration which is useful in

under st agibridet eadcorbarntitiPh prefdred 2dmbddifhen30f e Bre8édiPhiddiRe and
illustration show nf; synchroni zed illum nation power

vari at i oprorigin qoairal. ibtyydatpsesfiny oljert anfersetiem of 2ot eateprisinent ssgtesmbodi ment  of
the present invention,. 20 _Fi.g. ..31.i. implified i|lustration of a system
and functionali tan$1 'r%sp%sma}i %lg%l%ﬁd dﬁ&%f%lons? fat’ Vléfjceldnp 18‘%}?'t8a]ﬁ13 “With a

pr ef er r eshveghedhimerlbefrdt Bestehesadt metHHa8 Mgy ONGonkirGoteB2ardS dpefekiv®! if i ed
illustration of a keyboard system and nethodol ogy, constructed and
oper at | vacpidangecvitiy amedenrd embopreneeiitbel pestrsdivestion,of 25 the present

rent on, and e ey 36 S0 AL RLALETL ¢ APASS! cAASEAR AR "

i nert keyboard defi %an,

i |1 ustr adyiskem afid andtbydidegy] @ysterdagdd oéDEiaHQQQhC@VG)rdﬁmSMtHCd pet el
operative in ,accordance with a preferred enbodi nent of the present

i nvent i ofNBGIMBRIGithe PR§SET HIARUMRSr i ¢ annot ati on of phot ographs using a 30

sui tably equi pped g - o B OS6 od: . r .l fi
illustrations of f%%?? ﬁgﬁ %1 glrng@%qe\:gle g?g%gflrfﬁcgﬁg?pgb[}%é@rb%g?{&r@géggéel&dand
met hiddol fogyied coassoriatddeitherendth 4 keY¥da0P 505kGkh 6Rd RaFthddddgy) 1d8&rucogesat i ve in

accordance wth a preferred enbodi nent of the_present .invention and
provi di nPEBHE MR RCCO naswat%mrp I jeg\?@dimﬁné%@‘teipé%?mdm@“ﬁahe

entertai nment syst I 381 | it j i tricted
particul ate matt erﬁgé%gfg%ﬁlﬁé%ﬁgggﬁ%%hh é’;gg géﬁédé%gtﬂ'ﬁg%grgg?%cgeé y Et.@ﬁq

const r ucdreidnethdddpey, abhsteicted an operative dnaeowiahde witho etefereteabhbitienent of

the present invention;,
Pressy the present invention;

15 Fig. 39 is a simplified illustration of a keyboard system and
methodology, constructed and operative in accordance with a preferred embodiment of
the present invention;

Fig. 40A and 40B are simplified illustrations of a data entry- object
engagement sensing screen system and methodology, constructed and operative in

20 accordance with a preferred embodiment of the present invention;

Fig. 41 is a simplified illustration of a security and access control system
employing data entry object engagement sensing methodology, constructed and
operative in accordance with a preferred embodiment of the present invention;

Fig. 42 is a simplified illustration of a object engagement sensing game

25  system and methodology, constructed and operative in accordance with a preferred
embodiment of the present invention;.

Figs. 43A, 43B and 43C are simplified illustrations of a data entry object
engagement sensing musical instrument and methodology, constructed and operative in
accordance with a preferred embodiment of the present invention,

30 Fig. 44 is a simplified illustration of a vehicle mounted user interface
syétem and methodology, constructed and operative in accordance with a preferred

embodiment of the present invention; and
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Fig. 36 is asinplified illustration of a industrial environnment keyboard
system and net hodol ogy, constructed and operative in accordance with a

pr ef err edvo erfiadéorent of the present invention; Fig. 37 iBCHILopis2fi ed
illustration of a video projector having integrally 10 formed or
associated therewith a keyboard system and net hodol ogy, constructed and
operative in accordance with a preferred enbodi ment of the present
invention; Fig. 3 Bgis5 & asbim;ﬂilﬁ%denlustzlatmbfatveﬁdﬁngfmééh&%%awpmfting%t ron
interface system_ _and net hodol ogy, constructed and operative in accordance
with a pteés epiBdoReers odigaesrent gdeiedhion pyvsteantani nwetpielagy.1 somitgctedoand a
sinplifi Aol b i h .0Qy, constructed
and oper(g)'gll a{%zle ﬁﬁa%gédgggeaﬁ&g%ﬁ %%Rg@%@g?%ﬁ%%gﬂ&%ﬁgglﬁ6%81#189.,[ he present
invention; Fig. 40A and 40B are sinplified illustrations of a data entry
obj ect engage ensi n creen_system and net hodol o constructed and
opergti ve in g@ﬁié\iéﬁﬁa]ﬂg%éﬁﬂﬂoéﬂ F&F&EWBQM%%NTShe pr esent
invention; Fig. 4lpis 'Bq}j“; j i t (gt on of. a;: i ccess
control system errpe% Or;?%e;is at aMeagg}(%/Hc%jsiégv?ﬁdehn%éigelﬁ@#?gggﬁgitgﬁ?:]&%g% odol ogy,
const r ucilesiratiod of @ perjedtionéey boaad spstaanne msthddo gpr efmetruced enboskratrd  of t he
present inventjon;, . Fig. 42 is a sjnplified illustration of a- object-
engagemeft 25eenGry Wiine Preferred, srberiament raft ﬁsdar»wp InveHHER T dc PEYCHIH

oper at i Ve@pkycd¢ GO0 3RGErapht th cﬁ&gg eLd | e ,

i nvention; ﬁFi gs 4%A, 23% ancgl4 aa% éﬂgigtr%%{?g?ee |f'ef SISIﬁ gﬁvg{r?sagl ha dat a
ent riy) ohjleminatesraygmanakehght seodilaipnmianes! (notngtormuieddinas dn imiapo o2 of\.,

construcl% eg and operative itn cordance with a preferyed enti(odi ment of the
present TH %q{?ioaﬁ;prgectf_qrbqur A%° f@‘h&r ?rﬁgllyiqnilg?ft PYIEasst sr“égliaéﬁ dgskiap-vehi cl e
mount ed user int erAﬁﬂ%mﬁX@ér?@&@?Qer@?%?éf%%ﬁI{y &Qlﬁﬁﬁﬁsggﬁsgﬁd e Hgﬁtr ative

in accordance with a preferred -enbodine he pre I nvent i and 18
WO 02/ 050189 (PCTYhobd). d08dightiiy a radially direstedpllurhinetion bhttest rl48] whichf

di hi ‘ . ti t t bj ect e t ti
yet em SR SusREOYL Sclint Patraly ZadTelinRE PRt REBFaate 10 1 s
pr efigr r egperesd MeNthe Q4diAlRedRERSEMuniMMRAHa®Brm 108 has a very narrow spread

in the direction generally perpendicular to the projection surface 104. It is further

appreciated. that the radially directed illumination pattern 108 is preferably located very
close to the projection surface 104,
Impingement of light in the radially directed illumination pattern 108 on
20 adata entry object 110, such as a user’s finger, a stylus or other use implement, causes
light to be scattered or reflected therefrom. It is appreciated that the light is only
scattered or reflected when the data entry object 110 is in close contact with the
keyboard 102 defined on projection surface 104.
‘ ~ A.detection subsystem 112, preferably employing a solid state imaging
25  sensor (not shown), receives light reflected or scattered from data entry object 110, The
received light is mapped onto the imaging sensor with respect to a representation of the |
keyboard for associating the location of the data entry object 110 sensed by detection
subsystem 112 with a key locaﬁon 113 on the keyboard 102. Thus the sensed location
ot data entry object 110 indicates which key of the keyboard 102 is being engaged.
30 : Reference is now made to Fig. 2, which is a simplified illustration of a
preferred embodiment of a keyboard projection subsystem 100 (Fig. 1) employing a-

diffractive optical element 120 which receives light from a light source 122, such as a
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5 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Reference is now nade to
Fig. 1, which is a sinplified and generalized illustration of a projection
keyboar d e@ st/emi@nd net hodol ogy, constructed and oper ati VECTAIM1AC@Ser dance
with a preferred enbodi nent of the present invention. A projection
subsystem 100, preferably including a solid state |light source (not shown).
which 10 illum nates a spatial |ight nodul ati on el enent (not shown),
defines afdd nB&e viOR RflirAatidgehoard. pibh R@és% Srb@h fer digeRil0%bptipdlef er ably
an inert surface, such as a desktop. . n ilTum nation subsystem 106,

pr ef er abilgmemicl29dprederably oisi eflsttad 3 gtirvesbarier (136thayinawapticallipesst.s | i ght

in a radal W) i{d um nat j r-n. LO&,. i | vy _extends
ina pl gd Z“’lg‘%l e&%l %g&gafrjeﬁ ibjlgqo ﬁé’etg ﬁ%rpgértg?ecgcmhoﬁj}g'\g@r 1(‘%) g%fgﬁkga&éfﬁﬁng’ & 15
appr eci diegbodrttad2 (hig. t)adi al |y directed illum nation pattern 108 has a very

narrqQw spread in the direction generally perpendicular to the projection
surface 104. It i dnfagFeNaRce WPk peesistred cmppdimenhel thy gresertinyntiont
i1l um nation,: S r lac

pr of ect 1O UPF op St e LR ShE HRblck 1280 R ity B8R B aREall

i |1 um natiegrallpdbinerdninbOBitably cdafigurdapasmrityasdy) ealiosdihg, such as a user's
finger, a stylus or, other use i .enent, causes light to be scatfered or
refl ected therefrom® ‘Fqngﬁgémélﬁﬁr(glc)élgt eds Pressrrednia qrighio sneblsrg 91%§§Q§’é’?t ered or
refl ect when. ] S | e, E he
keyboar Eq)f\g% ﬂ%&?ﬁe}g}%@ %? %]]5%\({3%? gﬁ&glu% aédg%iggfrﬁ%\%d%ﬁﬁgﬁfg% ué\éu :f&tgt em 112,
pr efl®r albrhirroe niil6o Hanmgaostidal posteatsprdadm gha digh? passans dirodghothes bidfaagtiver ecei ves
light reflected or atter fromdata entry abject 11 The, . recei ved
light i sopﬁla?}pegﬁn?mt@%ﬁﬁ@% \vix g ETApe wr%@&@cqfl Y gﬂlaSl%eé!ﬂ?ea &#lati on of
the keyfpayd,fntigs S0Ghat i1 b Jatel i ' 110
sensed by det%gﬁcén : subsysqtllgr% éﬁ‘zdh\%&?%djgmllggysu%%%a?%% Illérl%&%l%q?dﬁfgqﬁeyboar d
102. Thuse tibagaesptichledenérdn 20 ohltetatavedntthy pid ¢ 63 add theimigdioc d2@saghi ch key
of the l%eeybo[ard 102 i s bei g%engaged. 30 Reference is now nmade to Fig. 2,
whi ch is ARIBRH 9% PTG P1°tion of a preferred enbodi ment of a keyboard
projigction subsystpdfedBle (5w Ihad®MR FYisN®B A2 andi §B Y %‘ith@ré)@ésE%tivee' ement
120 which receives |ight froma |ight source. 122, such as a 19 WO

02/ 054169mpidiyd piotrigh @gbtopdiied éllusasbens ofj the keyhoktd prajschgn Fegsta4l00Li ght

P2 oot ALY PR3l RLER bt

constructed and operative in accordance with a preferred embodiment. This

embodiment employs a beam splitter 140 preferably integrally formed with plural
20  diffractive optfcal elements 142. A beam of light from a light source 144, such as a
diode. laser, preferably passes through a collimating lens 146 and impinges on two
mutually angled surfaces 148 of beam splitter 140. Tﬁe beam splitter 140 breaks the
beam of light into two beams, each of which passes through a separate diffractive
optical element 142. Light passing through both diffractive optical elements 142
25  impinges on projection surface 104 (Fig. 1), preferably defining a keyboard 102 (Fig.
1). ' ‘
In accordance with a preferred embodiment of the present invention, the
diffractive optical elements 142 are integrally formed with the beam splitter 140 in a
suitably configured prism, as by embossing. _
30 The configuration of Figs. 3A and 3B is preferred in order to enable a
pair of diffractive optical elements, each having a relatively small maximum diffracﬁon

angle, to be used in combination together to define a full sized keyboard 102 on

20



optionally via a lens 128 onto projection surface 104 (Fig. 1), preferably
defining a keyboard 102 (Fig. 1). 5 In accordance with a preferred
enbodi mrewo of/ 0@ present invention, the diffractive optpPCrILlogos2nt 120,
the mrror 126 and optionally the lens 128 are all integrally formed in a
suitably configured prism 130, as by enbossing. The configuration of Fig. 2
is preferred in order to enable a diffractive optical elenent having a

rel ati vepbssmsh lsufffed Mo ehdnf (vhied ippdje@n@! SurtaRe PR4URCRIAtRE b8 T thor 126,
havi ng optical power spreads the [ight passing through, the diffractive
optical @iflssasive opficeltaderaciui2fi dineaddedi edraninge wfaniig glu diffetiienopicah f ul |

si zed ke . 2. jection surface, 104 ven.when projection surface
104 is ré?@?ﬁr‘ t\g;leI ';a%cinggeeag% gh ¥ Sf%&%ﬂnf fl?aasgﬁcgeaso%%cﬁc%?ﬁ%qué( Fefic 12 ement

Al t er nat dafley ontyhgarprloif She LQ3capebjddhal HithI@bjed@éh BRYace B4 BpéfBGBH,, Ble ONE OF
nore | enses. 15 Reference is now made to Figs. 3A and 3B, which are

respect i Y&M &RIHsT il # enconiigusid sichdhd the pveibeans FaisintrirgopgPeidiealkeyboar d
proj ecti i : yi@g an integrally formed beam
spIitter&gﬂa%gﬁgiﬁgg%%ggﬁ%%l%%%wﬁ%}gﬁghﬁgfa'constructed and operative in
accordance with a Rekfare édnewhnaieneitig. 4 hivsich erbedhpieidd gnpkaios o Heam
splitter 140 preferably integrally formed wth plural 20 diffractive
optical PEEREREUTRE formpeaRbesimenyph kaybesrdaprpicgien sehsy semi i) Figch: as a

di ode. | ager. : of.] Lymat | I 4 | Mpi nges
on tuo oo Ca Py POR AR MR BiciTR e fer B R

spl i t& erofl 4Gidhr glllyheorrdspandsofo lai differdmtleybuardbeatfipuramnah Tok which passes

t hr ough separate diffractive optical element 142. Ljght passing through
bot h di FFEERSy OofEi Ef&fer%blén@ﬁ%ieé@t% Mﬁaﬂae%lpamp} WL OFdsR 180bT ace 104
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a preferred e i ment of the present venti on, ractive opti cal
el enent slight Zoarce licat sgphadsl 3 dfode esdr, wirtferabhye tHrewgh s ebilintating 1465 168 and

sui t abl configured prism as.b 0ssi.ng. 30 The confi ration of Figs.
3A and 3B SFEHEEE | 6&8\5&%@B%%ge%m%&asw ?fﬁare%lp%.oné%u cal
el eneNnt SpropRAEhn Bavicad 0a (F%‘. ay, ;pv&érxsb@ra%hhirgﬁ%wum' fobragt hpn angle, to be

used in conbination together to define a si zed keyboard 102 on 20 WO
02/ 054169 PCT/ 1LO1Retee8®e is now made to Figs. SA and 5B, which are simplified

illustrations of a keyboard projection subsystem employing a diffractive optical element

180 having a multiplicity of diffraction orders 182 selected to provide a keyboard

configuration which has a relatively low maximum diffraction angle 184. Angle 184 is
20 preferably in excess of 90 degrees and is typically between 60 degrees and 120 degrees.

& As seeh in Fig. 5A, light from a tht source. 186 passing through a
collimating lens 188 and thence through the diffractive optical element 180 preferably
falls onto a projection surface 104 (Fig. 1), preferably defining a generally trapezoidal
shaped keyboard 190, which is configured in accordance with a preferred embodiment

25  of'the present invention.

The diffraction orders 182 of the diffractive optical element 180 are
calculated and selected to compensate for geometrical distortions inherent in the
operation of a diffractive optical element, such as element 180, particularly at high
diffraction angles, such as angle 184. To this end, the individual diffraction orders 182

30 are preferably arranged in rows 194 which extend obliquely with respect to lines 196
defined thereby.

Additionally, the diffraction orders 182 are calculated and selected in
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projection surface 104, even when projection surface 104 is relatively
close to the diffractive optical elenent 120. An added advant age of using
pl ural diWwdpzaeiese optical elenents is_ an increase in rBPESDILXLIOOIB2

i nasmuch as each diffractive optical elenent defines only part of the

i mge projected onto projection surface 104. Preferably, the 5 beam
splitter 140 is configured such that the two beans each i npinge

per pendi gridbiiol dompeitfe JorciohREMOBdiongordi dcbiAeidds »RidhEAbbElRMRBle J2.
Reference is now made to Fig. 4, which is a sinplified illustration of a
pr ef er r eRfoipalien. plueh 28 rapgale aenmankigo P Bk dphibir endpthejdeBtaction sidssy steem 100

(Fig. 1) ! I t S llurality..of different diffractive
opt +cal Tshah Fs TR T S A8 o Bl tiS shacdRl B 4 B G pe B

di f f er endutwenboatidte By bghelrt beeer iged MHicRkre ehRRERS SpP&R mrgleproaf er ably
nounted onto a rotatable support 162 in order to be selectably

posi ©i ongyPeard| IRy Adeicel o tr prefsratile dask dran jeghthap Bt0nderseps et dn dimieallyr om a

light s 1 i.ode | aser, preferably through a collinmating
| ens 16%&%“ %?%eﬁz%gb ?/@P%B?{ﬁgs?ng on a mrror 170, which directs |ight

passi ng ther eal ongReftence 15 muvojmealel on Figsl farc end04B( Fikich Bje sipigffdabl y
defining a keyboard 105 (Fig., 1). .. Reference is now made to Figs, 5A and
5B, whi CHUSIFAL0BS pb R ey Beprd rpigeliqnatubs e femplpeys gdreampraspiaiesri 29 &sbsyst em
enpl oyi ng.Q idifitd agling omt iic)y e - Dy b Rl g GguY;Of
diffracti gn 1orcllgrs ,1861\2{l s@’eg%%dfr% gﬁ%‘%ﬁ %%Bgmﬁgl gg?%cé%gg !%g]{lj?a(t)%'l Sn whi ch
has 18 r edoattinvesl yy beam waxbiman2, fstickattiat owo Hglg tearh8 206 And 268 E8rdesfréf

preferab in excess of 90 degrees and.is typically, be n 60 degrees and
120 degrthésb?amA%m@éaﬂ &?10 BRd) ADRGAT P GHENEG GhneaSingle gmm%ﬁe é@u%eﬁﬁassi ng
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el enent 180 preferably falls onto a projection surface
pr ef er abieprlg ef entim §uamge defizd 4 yo-tighigeami rdgion 24 hépeebekesdnoar d 190, which is

configured in accordanc ith referred enbodi.nent .25 of . the present

et ons e ar SRR K 2L ba S0 fher enaret fAbAiGR Bk 414 Debermont

180 13r e prerbesd ab-ede 204 (5g! ggbl%@eéawaeﬂﬁﬁg%%%ém 19@@@? fyical distortions
a di e

inherent in the operation o i ffractive optical elenment, such as
el ement 180, parti thd ambgdigtenhip§FigsdioAf ansl 6B dres aanghdyventageldin thes inglye 184.

To Ut ey 05 ) KBSl LTI R R0 R R Y
def i ned pdves abyoukidst prooiad by a sidate Muéi maed é@aniveREs do®?2 are cal cul ated
and selected in Reference is now made to Fig. 7, which is a simplified illustration of a
20 keyboard projection subsystem employing an array 230 of light emitting elements 232
and microlenses 234. As seen in Fig. 7, light from multiple point light emitting elements
232, such as LEDs, is imaged by corresponding multiple microlenses 234 onto
projection surface 104 (Fig. 1), preferably defining a portion of keyboard 102 (Fig. 1),
such as the;__ letter "E". It is appreciated that each of light emitting elements 232 is
25 individually controllable in order to provide a correspondingly individual light spot 236
on projection surface 104. The collection of light spots 236 makes up the keyboard 102
(Fig. 1). The embodiment of Fig. 7 provides a selectable and changeable keyboard. |
Reference is now made to Fig. 8, which is a simplified illustration of a
keyboard projection subsystem employing specially configured light emitting elements,
30  pretferably a monolithic pattern 250 of LEDs formed on a unitary substrate 252.
. As seen in Fig. 8, light from the pattern 250 is imaged by a lens 254 onto
projection surface 104 (Fig.; 1), preferably defining keyboard 102 (Fig. 1). This

!
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21 WO 02/054169 PCT/ 1L01/01082 order to conpensate for geonetric

di stortions occasioned by a highly obliqgue angle of projection, such as
angl e 192yoswenniéon Fig. 5B. To this end the diffracti on oPORID1AIE?2
arranged as shown in Fig. 5A, to have a barrel-like distortion and to have
a non-uni form outwardly increasing spacing between |ines which are sought
to appear parallel on 5 keyboard 190. Angle 192 is preferably |ess than

| ess t hafradBerfley Mas Sherilahigt WBicleatridsl cRfiRetnddodeaiieesst e 96 fegr ees.
Ref erence is now made to Figs. 6A and 6B, which are sinplified
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a portion keyboard "10 such
appr eci &78dwhizhtpraamhlyoforths pért oﬁahatecttlong;uewstmnﬂ& &32 ll)s 25 i ndl VI dual |y

controllable in order to provide di dual ht
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and changeabl e keyboard. Reference is now nade to is a
si npl i f ileeption| sensinat Jubpy stdm emmeyingar drapspirent dzﬁm @Wsy@@@nﬁ@ﬂgbmynhg

oD OO SR L S R s RS A g 01
reference numeral 292, is emitted by an illuminator 294 and coupled to an edge 295 of
surface 290 through which beam 292 passes by total internal reflection. As seen

20  particularly in Fig. 10B, the presence of an object, such as a data entry object 296 in

contact with surface 290, causes light from beam 292 to be scattered into a scattered
beam 297 due to frustrated total internal reflection and inter alia to pass through
transparent data entry object engagement surface 290 so as to be detected by a camera
298, which preferably forms part of detection subsystem 112 (Fig. 1).

25 Reference is now made to Figs. 11A and 11B, which are a simplified
illustration of a data entry object engagement location sensing subsystem, forming part
of detection subsystem 112 (Fig. 1) and employing shadow sharpness analysis,
constructed and operative in accordance with a preferred embodiment of the present
invention. An object, such as a data entry object 300, casts a shadow 302 on a projection

30 surface 104 (Fig. 1) when illuminated by a light source 304. A camera 306 senses the

shadow and a shadow density analyzer 308, determines the optical density of the

shadow, which indicates the propinquity of the data entry object 300 to projection
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As seen in Fig. 8, light fromthe pattern 250 is inmaged by a | ens 254 onto
projection surface 104 (Fig., 1), preferably defining keyboard 102 (Fig.

1). Thi swQo2es4v® 02/ 054169 PCT/ 1L01/ 01082 arrangenent hpeTAla/0a@eant age
of electrical efficiency and | ow unit cost but does not provide a variable
keyboard configuration. Reference is now nmade to Figs. 9A and 9B, which are
respective pictorial and side viewillustrations of a data entry object
engagenmeikfatOt@t i on sensing 5 subsystem enpl oying a canmera 270 | ocated on
t he opposite side of a transparent data entry object engagenent surface 272
froma data entry Rufpsaee éngagemade 1o dégs jlgdt aBéd2Pn hlﬁ} Gr8 padiied74. A

gener al I. : i I : | 276,
IS or o dlluibnb bR Bhre 3R IoBlcct b bemBb AR S W e A IR e
from data dsndctiyn chpestenengadBigent aadréhgdeyidd Zhaddsy sedescparet semsihgr Wy i n Fi g.
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276, >ca %c%! LSRiEST GF B B9 125: B8 ShrdoBReip? At 91_83& PE¥Ed°Heam 280
and 1 nt egatd fod Fipagsh rmugﬁn%écggyggﬁrremng%? B 1 Ol sepaageent

surface 272 so a be detecte ner a preferably forns

part of P8t ecth en L&ilss s tcemerbl B3 Berges e stRdbers SR eards3I WowndraddatiowFi gs.
10A and 10@, whi ch ar ?%é gspec.ti v%@ 156@Ei gtor' al and side, view sinplified
i || ust r APEASIEF SE'S85 HETNEHh e K h gh gy or e SERAFIPSREEFHY PE Ubsy st em
enpl oyi : - j
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exhibiting total Internal r ction. am of |i1"ght, designated by
r ef dengeoyeatiet airfa2®204.i's-emtted by an illum nator 294 and coupled to an

edge 295 of surface. 290 through ich.be 292 ses . total ,int.ernal
el eotion. A sedfcisbuEalt FOUTERTG § Hih g A et "o HreL aHeamAlby  oby ect
such as iﬂu%&é@n?@?£}iaﬁ%ﬁ?tob?e%@eﬂé&gerﬁ&&ﬁ@&&ioﬁ‘s&ﬁhi@i 2340 heomses |ight

from beam to be scattered into a scattered beam 297 due to frustrated
total i ni@r degrea efitdart deectiondrange 8A2.aTha date grysobjkhetoengagememriepaticent dat a

whi ch prieraPRB SO RE e YAt ier ChoYeRepbh nebE) apeni i iy WIS 0
Ref ersencdioli® 1axeyy predi@idgOan-ig@fierallyl obnRAM odtbuBbehi 246 ahRhaingpingdsi & ed
illustration of a data entry object engagenent |ocation sensing subsystem
f or mi ng gruetallygfonipat @@trpb%% ukghs peavides vig pR gnoulyr windoshpdGya srmesRidow
shar pes s ARl IR, nEA0PTINALEHE IaRPRI2 Sl RRART JBE pjblidh
surface 104 (Fig. 1), such as a table top 352. A camera 354 views a generally annular
range 342 defined between virtual circles 356 and 358 on table top 352 and senses light
20  scattered by objects, such as data entry object tips 360. Preferably, the scattered light is
received by camera 354 via a conical mirror 362 and via an annular window 364.
~ Reference is now made to Flg 14A, which is a simplified illustration of
an illumination subsystem 106 (Fig. 1) including an illuminator 370, preferably
including a diode laser light source 372, a collimating lens 374 and an aspheric element
25 376, such as an aspheric cylindrical lens, receiving light from the light source 372 via
the collimating lens 374. The aspheric element 376 preferably directs light in a radially
directed illumination pattern 378, which preferably extends in a plane generally parallel
to the projection surface 104 (Fig. 1). It is appreciated that the radially directed
{llumination pattern 378 has a very narrow spread in the direction generally
30  perpendicular to the projection surface 104. It is further appreciated that the radially
directed illumination pattern 378 is preferably located very close to the projection

surface 104.
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invention. An object, such as a data entry object 300, casts a.shadow 302
on a projection 30 surface 104 (Fig. 1) when illumnated by a |light source
304. A cavenno0® senses the shadow and a shadow densit yPanwalogners2308,
determ nes the optical density of the shadow, which indicates the
propinquity of the data entry object 300 to projection 23 WO 02/054169
PCT/1L01/ 01082 surface 104. Reference is now made to Figs. 12A and 12B,

which are sinplifipg iliuHiH&IdnaEd@§‘§erﬁfoiaFi%atlﬁAe;%f/MeQféﬂee@ésirgdf'gﬁﬁﬁmgnt _
| ocation sensing subsystem formng part of detection subsystem 112 (Fig.

1) and ewptwyiong Hhadostiaoattesdenpetigansifgwhenmins thepjdensity svasiesazs @ dat a

CRrg D it RRER B S i aPl abRRR i At aBhBE 526 ana
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propi nqui L.y, h a e ohj S ect i Sur 104.
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1

engagenent Pyt tbhieng gn disernagin 8 9e dateotion sbskstgn 113 (gebler abl'y i ncl udes
an illum nator 34 i liaset . Br:ovi g : I
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whi di pribeiilesinatian asubaysterh at 06V (Ridow )3 Etjuding) eneilaimigatopl3&@aapreferabliyal | y
directed illum natjon beam 351, generally parallel to the_ projectiagn
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general | M aed: : I e O d 358 on
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obj ect tdiffsc860optRabtiemabt 396 peferadpdirecte light ightradislly drewed Bldntyatmaner a 354

via a conical .mrror. 362 a via an.annyl ar w ndow 364. ference is now
mmae t o THER 10 Vaikh R Eb Skipl i Bl BSterao) P (8t PIOFIOat | on
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a diode l|aser |i source a collimating | ens an aspheric
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preferably located very close to the projection surface 104. ' ‘
The illumination subsystem of Fig. 14B provides the desired spatially
20 non-uniform illumination intensity pattern 398, wherein the intensity varies as a
tfunction of the illumination angle 399, as seen for example, at graph 400. It is noted that
greater illumination intensity is provided at large illumination angles in order to
compensate for the.non-uniform detection effects at the large viewing angles. These
non-uniform - detection effects include the reduction of the effective angular
25  cross-section of the data entry object 110 (Fig. 1) and the reduced. light collection
efficiency of the lens on the camera in the detection subsystem 112 (Fig. 1).
~ Reference is now made to Fig. 14C, which is a simplified illustration of
the illumination subsystem 106 (Fig. 1) including an illuminator 410, preferably
including a diode laser light source 412, a collimating lens 414 and a joined double
30 side-truncated rod lens optical element 416, receiving light from the light source 412 via

the collimating lens 414. The optical element 416 preferably directs light in a radially

directed illumination pattern 418, which preferably extends in a plane generally parallel
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directed illum nation pattern 378, which preferably extends in a plane
generally parallel to the projection surface 104 (Fig. 1). It is

appr eci atved 0v/biateot he radially directed illum nation patterenndi®iesas a very
narrow spread in the direction generally 30 perpendicular to the projection
surface 104. It is further appreciated that the radially directed
illumnation pattern 378 is preferably | ocated very close to the projection

surface 40the ghiedRiD2LFR4168 P(@Té.li—)oljlft Qd %recﬂ??i ehelt UL f}%&iaﬁ?i grksyst em of

Fig. 14A provides the desired spatially non-uniformillum nation intensity
patt er n @udinafikher pitiern hél§ ritaensi vgryvanirew agread inurlet i directibn t generally

illum nation ,angal 79, as .seen for I at graph.380. |t is.npted that
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view ng angles. These non-uniformdetection effects include the reduction

of the efuldet i%% angul ar cross-section of the data entry object 110 (Fig.
1) and the reduce i ght_. | ection effi.ci y_of..the |l ens _on the canera
in the detection SB‘{?S%‘%%@%&S ﬁ'sée.mﬁf.Flﬁesgebﬁg\éldﬁs%ﬁo%’%%ﬁgesl)?t aei]ﬁ"i g. 14B,
whi ch i snen-@iifophi {ll@dnatidrusdtedityopatdm 4@, tigerbih| tHYl pAédsan sathsysd em 106
(Fig. 1) including_an illumnator 390, preferably including a diode |aser
|i ght solineiéorsgzhe Blugnationenelsgt Depissegniorgrnamals. a grphd2l-Jeisaetadthpt

I t - i ving -l . i _ - | Limati
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a plane generally parallel to the projection 15 surface 104 (Fig. .1). It is
appr eci Rl agh S8 r gifeqfs ginelbide edhei |mediationt i05n satHECHVSoBIZWHS a very
narrow s ad . lirectd.Qon e p i : . jection
sur { ace Tp3cepih b URBNA A oBERZI R (HigDFS BREIhE UL Hel gt o Bei

i |'I'um natfficien@astthe en398 thescanmreinetha dbtgcticacsabedterany2 (Figse).t o t he

projection surface 104. The il lum nation subsystem of Fig. 14B, .provides
the desired spat i-al 1y Progsen dhumination ristrbutiem 40Py selerert y p%&l{)aéf% 398,

uher n {heibiibe Sk M 0188 rAncal e 1800804 1%y hdd Mfm@%k&pfm e 399,
as seen for exanple, at graph 400. It is noted that greater Illumnation
i nt ensi t their snybwad widd échnedtidnar ge il 1 um nation angles in order to conpensate

or L, on-uni{or 1 et ccLl 0, eLLgELS ol | ig L2t depy Ltk g el ey These
angul ar simplified pictorial and sectional illustrations of a data entry object engagement location
sensing subsystem including a data entry object engagement speed sensor having plural
20 illumination and detection planes and employing plural illuminators and sensors,
constructed and operative in accordance with a preferred embédiment of the present

invention.

As seen in Figs. 15A and 15B, first and second generally flat mutually
spaced and overlying planar beams of light of differing wavelengths, designated
25  respectively by reference numeral 430 and 432, are preferably emitted by respective
illuminators 434 and 436 generally parallel to and spaced from a data entry object
engagement surface 438. As seen particularly in Fig. 15B, the presence of an object,
such as a data entry object 440 in beams 430 and 432, causes light from fhe respective
beams to be scattered into scattered beams 439 and 441 and to be detected by respective
30 cameras 442 and 444, which have detection Wavelengthé corresponding to those of
beams 430 and 432 respectively. The cameras may be equipped with suitable filters 446

and 448 for this purpose. Illuminators 434 and 436 form part of illumination subsystem
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25 cross-section of the data entry object 110 (Fig. 1) and the reduced-
light collection efficiency of the lens on the canera in the detection
subsyst ewQa20{#ké9g. 1). Reference is now nade to Fig. 14CpCWhioale1082 a
simplified illustration of the illum nation subsystem 106 (Fig. 1)
including an illum nator 410, preferably including a diode |aser |ight
source 412, a collimating |l ens 414 and a joi ned double 30 side-truncated

rod | ensl@pgFigadl) weileramerAU82 aheded YorAgpdri ghdetdctionsitigsteinght (Bgunge 412 via
the collimating | ens 414. The optical elenent 416 preferably directs |ight
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variation of the radii R of the side-truncated rod | enses 422 and 424 and
t he extemventiasf their nutual side truncation. Reference is now nade to

Figs. 15A and 15B, ,which.are r ect | i npli.fied pictorial, and sectional
i | Igust rations of a’dara’ é%tﬁ%ﬁ‘gg élild gﬁﬁaé@ 568%”5{)58‘?1“31 eﬂ%‘aﬁg‘n%bsyst em
i ncludi ngutialat pasddt byd @bbﬁ?ihg%h@ﬂﬁ%feﬁéhtsw&ﬁfeﬁﬁFsﬁﬁveT@ tHQ dedighiaadd 20

illum nation and detection planes and enploying plural illum nators and
sensor s, respasHEely Ut eefersner spaewd #08 and 49ec eredpretasably temitie by fresnestive

enbodi rreﬁlhm?xflat&geéléﬁr g€ ks éeﬂgr%ﬂgrip%?allel to and spacéd from a data entry object

engagement surface 468. As seen particularly in Fig. 16B, the presence of an object,

such as a data entry object 470 in beams 460 and 462, causes light from the respective

20  beams to be scattered and to be detected by a camera 472, having first and second

detection regions 474 and 476 which have detection wavelengths corresponding to

those of beams 460 and 462 respectively. The detection regions of camera 472 are

preferably defined by suitable filters to provide desired wavelength differentiation.

Illuminators 464 and 466 form part of illumination subsystem 106 (Fig. 1) while,

© 25 camera472 forms part of detection subsystem 112 (Fig. 1). ‘

Light scattered by data entry object 470 from beams 460 and 462 is

preferably refracted by a prism 478 and is split into two beams 480 and 482 which are
imaged by a lens 484 onto the two detection regions 474 and 476.

. The data entry object engagement location sensing subsystem of Figs.

30 16A and 16B also includes a timing analyzer 486, which receives outputs from camera

472 and determines from the timing thereof, the speed of engagement of the data entry

objeét 470 with data entry obje}ét engagement surface 468. The speed of engagement of
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As seen in Figs. 15A and 15B, first and second generally flat nutually
spaced and overlying planar beans of |ight of differing wavel engths,

desi gnat ado 02&654@specti vely by reference nuneral 430 and BEGPJLAf0@082
preferably emtted by respective illum nators 434 and 436 generally
parallel to and spaced froma data entry object engagenent surface 438. As
seen particularly in Fig. 15B, the presence of an object, such as a data

entry ohheghta 448y bbjcbERNE d4R3Q%naH dbidLenasnes shifedy 4d3rany bhemprypeéd i ve

beans to be scattered into scattered beans 439 and 441 and to be detected
by respe@rioveaglicezensy sishaps usingl ingirumepis end Bawes. det ect i on wavel engt hs

corresponding to t e of . beans d. 4 r pleﬁ%i | . as my

be equi pped with sfg? bF%e F iPter € %g%qﬂ Sﬁdﬁ%dgg ?or ,h\f\f@xc%uarr%ggsgfé@t@%

|11 um nagipRfidBdicmd] dabsckbsinl fatstra@dnsi dflalistn@itiyoshjeds s ysleatnt Roaiiid

02/ 054169 PCT/ 1L01/01082 106 (Fig. 1z|j whi l e caneras 442 and 444 form part
&

of dét ecenyng suss§istanrludingiaje enlyy ojset gaserasht sPecdoicatr hengagiwsht
e > o ; ‘ _ ] ereh!
onatyzorISERRH, SUPRNELRR Blanls dR¢ iR IRBIANEGLACL UE% idgdn N0

det er m neasdr osAstietet i amdngpekipeeiaf sccotdenspett oprefargaigempodiment dbfiches dat a

entry object with data entry object engagenent surface 438. The speed of
engagenBiEsedt VAR IQTat a entry object with data entry object engagenent

surface 438 my e o Qe 7 AV3RE QU5 ARRILGLLANS SR B8 USLER

i nstrunments and ganes ence i's now made to 16A 16B, Wwhi ch
ar e lillesppatddvend siveplyirg ethnpi btans alf lagid, sedgnaedirespetiirady atyi ozferente a dat a

Nty oBr Bl D e En B AD Py TBFUREDT PO UHHOCROE A
entry o a ,
detecti %aﬁi %ﬂgér 306 SAR YA 0R. Wedlns J0bURIK04E RAGkaRy HalGkBts 8RS OT

constructe operative In accordance with a preferred éenbodi ment of the
present spapadefroinom datdserdyerbjedt cRgggemenAuidang OB Asf $ees tpattivtilaskycignbig.

general | | at planar . 15 nutual ]y spaced and .overl.yi be of, 4,ght of
differi nE%S%PE%aQCﬁSQf a&e%%‘i’ia%“&h as Pe%{cf’eféftt_%% et Peﬁ&?‘é??@g aﬁﬁlnéeo?al 460
and #462, cRk& IR/ re8pactive Beddis IEBP SNl ankd!tb ¥l ifRked by 464naBph 466
general ly parallel to and spaced froma data entry object eng?gemant

surface 4682 cameredlp. Jirminayra)(dyfoms pay,. of iBBninahen shbsysiear 109 (Big- dbj ect
Pueh 2 BeTEh RN S TR BB R o L, g e
having first and sgg@wmeta entry object engagement location sensing subsystem of Figs.

17A and 17B also includes an intensity timing analyzer 518, which receives an output

20  from cameras 516 and determines from the timing of a stepwise increase in detected
light intensity thereat, the speed of engagement of the data entry object with data entry
object engagement surface 510. The speed of engagement of the data entry object with
data entry object engagement surface 510 may be employed in various applications,
such as musical instruments and games.

25 Referénce is now made to Fig. 18, which is a simplified illqstra’cion ofan
illuminator useful in a data entry object engagement location sensing subsystem and
employing aspheric reflectors, constructed aﬁd operative in accordance with a preferred
embodiment of the present invention. It is appreciated that the illuminator of Fig. 18 of
the present invention directs light, which is emitted from a point source through a large

30 solid angle', into a flat radially directed beam extending along an engagement plane. The

beam has a very narrow spread in a direction perpendicular to the projection surface 104

(Fig: 1.
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detection regions 474 and 476, which have detecti on wavel engt hs
corresponding to those of beans 460 and 462 respectively. The detection
regi ons ofoozomn@ 472 are preferably defined by suitabl ep€T/AL0$0820
provi de desired wavel ength differentiation. [Illum nators 464 and 466 form
part of illum nation subsystem 106 (Fig. 1) while, 25 canmera-472 forns
part of detection subsystem 112 (Fig. 1). Light scattered by data entry

obj ect 470 from beapse46Q AR %82k light shesabiy stéf 496t BEDDYmAs fghsm 478
and is split_into two beans 480 and 482 which are imaged by a | ens 484

ont o t hethfoughdeg@etalyrseradicarspharopl yahmerdenotadebsaierenss pymesnlj Bk An
engagene i S i s).st ! I

i ncl udes£g h%?%@f%ﬁaﬁ@@e@ﬁ@@ %/\égidgﬁkget%de:ilogkfe{)% B&ﬁ?e@ %r#g?nsgr%% 472 and
det er m ngss, frefennd te ligniendttedéyehé poirhdighpeeatcofSsengagentime 60, tihéch dat a
entry object 470 with data entry object engagenent suyrface_468. The speed
of emgag Ry BRSsCRPrOYS AR Y Y efﬂﬁ@%@%%&ﬁ@%@ﬁi ect

wi th dat@.emidny ﬂ{%balsgﬁéricﬁl‘%f&%if AaySB ERSRUALS £TRY stBBs gﬁ?'sgﬂé%fiaf Rhirrh@dl | OUS
applications, such as mnusical 1nstrunents and ganes. Reference I's now nade
to Figs.whik esnderd 1Bye irec hofee fioes pedt otter domgplhief lirel 560 c The iamphaivd

sectional _illustrations of dat.g_entry ohject engagenent cation 5

sensi ng @ﬂsgf%t%w e i oL b 5@2@5&@@%5 JBiorssens or

havi ng plpusgh liOrIJe'S‘fSU?aE‘éitf'fe%%Wtigﬁstt‘ﬁgﬁeﬁl%ﬂﬁp' anes and enploying a single
a

illum nator "an single Sensor, constrlcted and operative in accordance

Wit hi0a preferred eAbodisieentlondate heirropr#€e nirefierabbntarrangedAslomgeling 66 gs. 17A
and 17B, fjirst. and second gene ly. flat nutually. 10 aced and qverlying
o anar - beies drd PerenogEnes Jee el donvn SesdierilBie: PhtfeRs | 500
and 502, bt R8s HPlfeMid A@fey 564 Béa'n&'%@%ﬁ&al fieVi ﬁfbleﬁi& Riigh Via a
beam splitter 506 and a mrror 508. Beanms 500 and 502 are dgeneral ly

par al | el extendgribroughptive §69 pahiravedsesa Sintnof shbymappmpyiatpbnporitiongd fiage 510. As
seen parési g‘urliarl%ctip Fig. 17B, the presence of an object, such as a data
entry obj &CY %nfg IR beanms 500 and 502, 15 causes light fromthe respective

beanss t 0 be scatt eRefbraiitd i RV @1alEBIELE. DY, Whikle (e Sdrblifiedilusatéa®l & 516.
[I'lum nator 504 forns part of illumnation subsystem1.06 (Fig. 1) while

camer a 53El¢-eomperpaied gieripeneetiilinn gupleyed dmnal data( @ty object vagaegEIcAt ent ry
obj ect eﬁgm&ginlgos%%}is é%,sc%%{r\?&ef 5’.1?(? Xﬁérgmeofn E&c%?dance with a preferred
embodiment of the present invention. The filter of Fig. 19 is useful in the present
invention, for example as filter 446 and 448 in Figs. 15A and 15B and filters 474 and
20 476 in Figs. 16A and 16B.

As seen in Fig. 19, in an exaggerated form which is not drawn to scale
for the purposes of clarity, a plurality of thin films, collectively designated by reference
numeral 580, each being of non-uniform thickness are formed onto a dome shaped
curved transparent substrate 582, which need not be spherical, to define an interference

25  filter. The thickness of the thin films 580 is selected to vary over the substrate 582 such
that the thickness of the thin films 580 traversed by every light beam impinging onto a
given point 584 located along an axis of symmetry 586 of substrate 582 is identical
irrespective of the angular relationship between the light beam and the axis of symmetry
586 (OA in Fig. 19). The imaging lens of a camera, such as camera 516 (Fig. 17A), is

30 located at point 584.

Therefore, the intensity of the light beam reaching the camera 516 is

independent of the location of the keystroke, which is being engaged by data entry
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17A and 17B al so includes an intensity timng analyzer 518, which receives
an output 20 fromcaneras 516 and determnes fromthe timng of a stepw se
i ncreasewaode4eedt ed |ight intensity thereat, the speed ofPCENgagersent of
the data entry object with data entry object engagenent surface 510. The
speed of engagenent of the data entry object with data entry object
engagenent surface 510 may be enpl oyed in various applications, such as
musi cal dbgest plients and ganes. 25 Reference is now nmade to Fig. 18, which
is asinplifiedil|lustration.of an_illum pator useful ip a d entry

obj ect engagenent 4 GEHETSh SERGUAGOS 5SS RERHF NG B PEFGeaSpRB e
reflectarg, 160R8 kMGt BEhBAd s%@l@ra,%tﬁlﬁﬁletfébo@&%[ daneefoMht RerdinBEIgHe Higd

enbodi ment of t'he present invention. is appreciated that the illum nator
of Fig. re¢®ravke ta Rig. pf.esent invention directs light, which is enitted froma
poi nt. source through a.larg olid angle, into a flat radially directed
bean%extending aIJﬁﬁogﬂn%hbiﬁiﬁﬁﬁ?wplane. The beam has a very narrow
spread in a direction perpendicular to the projection surface 104 (Fig.
1). 28 WD 02/ 054169 PCT/1L01/01082 As seen in Fig. 18, a point |ight
source 550, such as an LED, &maks=rhrightzt hrough a generall&)

sen - hem spherical volunme denoted by reference nuneral 552. An aspheric
reflector, strips of which are designated by reference nunerals 554, 556
and 55 3 he. l:i o ) I j al ong a
R i R A L R R L A A A

pr efl@r r edachrdvadi Oremtis G [odwe effeasentiradtivnemiieont the ikeraspintact emd niethkect or
may be c ggtruc ed,fnog1s%{L§% of a,sgherical mrror whose centers have
been of fELUYS GHRAEREHNSPHRIIGFURE2HRE | i ne 560. The aspheric refl éctor
thus reflects lig : By ; ' i hay I'i ght
passes through |rﬁgﬁggglg%55???%&?%3%%%§%?@§%§Q¥%2$%é#gﬁ3a&%%%ﬁéﬁﬁasted

el ongat esuhstrateof85B2n ther difeetiad b tharevapgetdd alateripl | imhéech56 Preferniedfylused ort he

li ght - i.ng through line 5 t i el evat | . |
1ot boRm A Iy HerBro Rty AdMRIRIEd o Habpreeate oo el APatee i n a
pl ang, Wiapdrate@HAH5 ohhtb AOdbrhd QQnQQQre%ﬁ&,tMﬁMﬂss@ﬁic%é}ﬁ Fzééx?end?&ﬂatst*&wm’

appropriately positioned in the aspheric reflector, erence i s now
made to the gmall segiatheicthe deme tawhishithe material gdeingtapphedf an :

angl e- comensat ed ek {81,208 ohldffon S Brdesl2h lioks BPhC!

filter material in a direction 0, is given by:
20 | #(8) =t~ Cos(0) @)
Thus, the length of a refracted ray, through the filter 582, is given by:

d(8)=t(8)/Cos(c"),

25
where @ is the deflection angle between the normal to the filter at the point of incidence
and the axis of symmetry 586 and () is the local thickness of the filter.
If the thickness of the filter is equal in all directions (eqi-filtering), then
30 ' d@)=t

‘and
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| ocation sensing subsystem constructed and operative in accordance with a
preferred enbodi nent of the present invention. The filter of Fig. 19 is
useful i wohsopi®sent invention, for,exanple as filter 4B6T/@nd/ 04683 i n
Figs. 15A and 15B and filters 474 and 20 476 in Figs. 16A and 16B. As seen
in Fig. 19, in an exaggerated formwhich is not drawn to scale for the
purposes of clarity, a plurality of thin films, collectively designated by
reference nuneral 580, each being of non-uniformthickness are fornmed onto
a dome shaped curved transparent substrate 582, which need not be
spherical, to define an intefpEPEnéesEs) OF Pref. The thi cknEss of the thin
films 580 is selected to vary over the substrate 582 such that the

t hi ckness of the thin filns 580 traversed by every |ight beam i npi ngi ng
onto a _Qhéf@!ﬂi(&fis%e R4l haK atsedc@lnone ey ﬁéhét}@freﬁxmiazy 586 of substrate
582 is identica irrespective of the angul ar relationship between the

| i ghtt beam and t heTlaxdfsreobquayibmél)rbecom86 (OA in Fig. 19). The imaging | ens
of a camera, such as canera 516 (Fig. 17A), is 30 |located at point 584.
Therefore, the intensity of the |ight beamreaching the camera 516 is

i ndependent of the |ocation g%ﬁ%ﬁg,Kg%ﬁ;roke, whi ch is bei engaged by
data entry 29 WO 02/ 054169 1L61/ 882 obj ect 512. A preferred

techni que for the construction of the interference filter of Fig. 19, by
usi ng et hods, such as filmevaporation, is set forth hereinbel ow with

r ef er enclésing ki trisgomsirxat elationghips egpation (4) wawbe Sytiitea)as= n - Sin(a') (1) %
wheﬁ% ais the local incidence angle at the filter's surface -of a ray that
will,” eventually 10 reach point O a' is the local effective refraction
angle at the filter's surfacg ?n§_Q[r§3t§€7§5ffective refractive index of
the filter coating Typical Iy*oT#) 5 Wittt *Zpffloxi mation, the optical axis of
the dome shaped substrate 582 is in the direction of the evaporated
material , which is preferably used for manufacturing the interference
filter. Add kacenalnl the arthiterd biestypiaply ax iimfditeomumbdn efsolutiofis, 16 equatpor at ed
material on to the done_is in a direction, which is typically perpendicul ar
to the ShdPY the ggoBerHef theslogsms2: Brefialin, anessobionmay bg @rﬁ%ﬁ RS ER i ed.

15 typical light ray hitting the dome at angle o and defining a certain point P. The distance
along the optical axis from point P to the dome is given by R(6) .-

According to the Sine Rule:

RO)-X  Sin(a)
R(E)  Sin(a+6)

(6)

and

r@ __ RO
Sin(6) ) Sin(a + )

)

_—

25  where R()is the distance along the local normal to the filter between the filter and

a2

point P}~ .
() is the local deflection angle, such that p =@+ ;
X is a distance between the point 584 and the filter 582 in the direction of OA;

r(8)is the distance between point 584 and the local incidence point on the filter 582;
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Thus, from mass conservation of the coating process, the thickness of the
filter material in a direction O, is given by: 20 t(0) =t Cos(8) (2)
Thus, thaevoemngineoof a refracted ray, through the filter 5BECI/ILE/0gIs2en by:
d(0) =1t(8)/Cos(a') , 25 where 0 is the deflection angle between the
normal to the filter at the point of incidence and the axis of symetry
586 and t(0) is the local thickness of the filter. If the thickness of the
filter is equal inApdd subsfiggihpo fl@ﬁl‘.l i drlde’h ngd eqhdiRRs (§Parfll the t and
30 WO 02/ 054169 PCT/ 1L01/ 0108 é%lo f‘f) Cogtsz) or q8 = (3)(()3) %@ere d(O is
t he | ocdPllpwing rgiet prshér map b@W@T%Uilth er aI ong the refracted ray. 5
Therefore, equation (1) becones: Sin(a) = n Sin(8) (4) Using known
trignonetrical relationships, equation (1) nay be witten as: 10 Cosa)=
1-n2 Sin2(0) (5) AR(#®p-known in thejart, there are typ| cal |8§ an infinite
nunber of sol uti onT@“eﬁm—m—(‘m= hetry of &@he done 582.
Pref erably, one sol Lﬁ rrg:y @ C(dr nthém&é%)a for a 15 typical light ray
hitting the dome at angle efiniig a gertain point P. The distance
along the optical axis frompoint* P to the done is given byR(8) According
to the Snge Rule: R(8) - X Sin(a) (6) R(8) Sin(a + 8) 20 and r(8) _ R(8)
(7) Sin(8) Sin(a + 8) 25 where R(8) is the distance along the | ocal nornal
to the filter between the filter and

__f©e) X
0= ©)
10 For small values of @, f(@)=n/(n+1).

Thus, the length X may be selected so that

X =R, /[(n+])

15 where R, is some equivalent radius that is approximately equal to the radius of the

dome.

For a specific deflection angle ¢, the following equation may be solved:

@ =0+a=0+Sin" (nSin(9))

20 |
and g=6@[p]may be determined.
Therefore, the aspheric dome can be described by:
pp)=Sin(p) r(@lg])  and (10)
25
Y (p)=X-Cos(p)-r(flg]) (11
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point P; ~9(8) is the local deflection angle, such that (p =a + 8 ; Xis a
di stance between the point 584 and the filter 582 in the direction of QA
r(8) is weoddst@nce between point 584 and the |ocal inciBentaipoisat on t he
filter 582; 31 WD 02/054169 PCT/1L01/01082 After substituting: equations
(4) and (5) into equations (6) and (7), the followi ng relationship my be
obtained: R(B)-X 1 =1(8) (8 R(9 1-n2 Sin2(0) Cos(B) + n 5 and r f

(8) X ( 9\l/heré 9}&@% i ﬂx%galstﬁnéeofrgﬁrthg kikalV 1§19§A RJC %on{t (%nB?h Cd(?ﬂé 682 tasl) -

Thus, the be selected'so t 15 where Req

s sone ﬁquallzegltwo aﬂd ¥Y o) hahe dﬁta@l@@ﬁ@ﬁgﬁﬁé @Ibt‘{ca@%él@'OA%r&H@te iREh W of the
done. For a specific deflection angle (p, the foll ow ng equation may be

sol ved: verte8 ofthg don te aiomnt'on(thSilora©$$2,20 showin h EigBl@p] may be det er mi ned.

Therefore, th d d bed. by: =" Sin(co). r(e[p])
10 2b" {o e chaSER e SR ORI s st e ¢
PCT/ 5L014@L98%¢ cmﬁg%oﬁéiﬁ%dé & thbeied] §h§e’ﬂ&@ déﬁ@éa &825% ap&\}e?%ﬁaoﬁ% b it tO a

poi nt on the donme 5 shown in Fig. 19) and 9p)is the distance al ong
t he opt isalacarf sheOloroe c5|8aa{telsfagpmcua’ﬁ@i that the 1n01dence angle of a ray of light

would then deviate slightly from the central wavelength of the interference filter but
would remain significantly less than the variation resulting from a conventional
interference filter. It also appreciated that if the dome has a low optical power, then the
10 coating could be placed either side of the dome without significantly changing the
optical paths of the light passing through the coatings, which comprise the optical filter.

" Reference is now made to Fig. 20, a simplified flow chart illustrating
operation of a data entry object engagement location sensing subsystem employed in the:
projection keyboard system and methodology of Fig. 1 in accordance with a preferred

I5  embodiment of the present invention and to Fig. 21, which is a simplified illustration of
a preferred data structure employed in the operation of the data entry object engagement
location sensing subsystem shown in Fig. 20. |

Fig. 20 shows a simplified illustration of a preferred data structure
employed in the operation of the data entry object engagement location sensing method

20  described herginbelow with respect to Fig. 21. It is appreciated that the imaging sensor
ot a camera, such as camera 516 (Fig. 17A), is typically comprised of a set of M x N
pixels, wherein a particular group of pixels views a defined region of the engagement
plane which preferably overlies the projectioh surface 104 (Fig. 1). Thus, it is possible
that a particular pixel group, located in the image plane of the camera 516 may receive

25  scattered light from a data entry object 512 engaging the key location 113. ‘

Thus, as the camera 516 views the projection surface 104, each of the M
x N pixels in the image plane of the camera 516 may receive light from a corresponding
region in the engagement plane in respect of a data entry object engagement therewith.

Thus, as each pixel value is-acquired, a determination is made, using the

30  pixel coordinates, as to whether that pixel lies within a predefined keystroke region,
such as keystroke regions 600 shown in Fig. 22. This determination is preferably made

by employing a pixel index table 601 which indicates for each pixel, whether that pixel
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vertex of the dome to a point on the done 582, as shown in Fig. 19. Thus, a
done 582 may be constructed with a spherical surface of a single 5 radius
t hat cl osedy2/emneesponds to the ideal structure derived aboveLai@eery
point on the surface of the done 582. It is appreciated that the incidence
angle of a ray of light would then deviate slightly fromthe central

wavel ength of the interference filter but would remain significantly |ess

t han thehe\ﬁaxfﬂtlrﬁhIaO[bTedifftSﬂplhhttdlgeysfrbMégl&Q@M@ﬂbd kéiatrokd Pdogddsedosnees fadter. . It

al so appreci ated t if _the done_has a |l ow optical power, then the 10
coat i ng @6 H2d (Big- B@aé%l 1559 ﬁhlféWB@héﬂEYFttﬁ%(ed@ﬁ?@l ithes-hout si gni fi cant I y
changing the opti t
whi ch conprise th &ékﬁ%?g:ﬁi; iRgmeerl gﬁcﬁ:lgé :]Sglcélg\g/v%%%kagva&%gi

sinmplif maqurécbmcfbaom pxkélmbrcahateng Aopatiabbehvalie & ecéqhmece af deyer@iygioh

engagenent | ocat.i o sens ubsystem enpl oyed i.n th pr.oj ecti on keyboar d
syst ém andafst H%%Wefgylxe cqqrgmatﬁsuqﬁ tq st b lerllea VR @ pradetingg

enbodi ”q{é&sﬁéketrjagloﬂr(?%g%) d@(’f@téxﬂﬁné’cfbﬂ it réféxglfho/%jradievﬂl}) &ﬁ%ﬂ 161 raz e ified

illustration of preferre at a structur 1on of the
dat a entingexolybde t60é ngagpbmenticatdsofoat ¢ach maeﬂslw&g:ﬂmnb&lystpm diewwithm Bi g. 20.

Fig. 20 sh a sjnmplified jllustration.of a eferred data.structure
enpl oyed? t?rﬂ?én a}r?lgﬁ{egpntaﬁé i§59> é”lg‘r\‘ﬁ W eé‘étfo AGEGBAEHE: | ocat i on

sensing met hod  20rleagpriedr BRMikdRehaw kéys{ﬁl@epf‘ef’gﬁont 8 Fhidh 1‘2}1'165 It

appreci ated that the imaging sensor of a camera, such as canera 516 ( |g
17A)10 | srh@ryéq:tera{mlhyd cmscﬁsrabgeuy ofaptoydmg tabfe #1x This fpno(cenlnss tywieallyi axdative

parti cuI ar Vi.e a defined.re he, en ene pl ane
th ch il M et st e Aee B PR R e P

possi bl efunéthat 1 ﬁ?ﬂéltvlaﬁiéhéléddlid)% lor GBted [ FRERE §kel PotilNBaihABRE B SR8 of t he
canera 516 may receive 25 scattered Il?ht froma data entry object 512-

engagi ng}<eb/hféol1@eryguoeelamk9wtmregmu@ccum E{t%éabiaﬁﬁia 516 views the projection
surface 104, each f t i.xel t he, canera 516
oy eeeiva 1 ant Fhost AF oind plR H ¥ Barhl? thUE HEPHBCRENEs Bhortclfs, SATA, >
respect quda&ddﬁtlagreﬂﬁd ;evelbiseﬁter@n@aqemtfré;rﬂ@m 1ke altidSon @geshabhispi xel
value is_acquired, a determ nation is made, usi rﬁl e 30 prxel

coor di naledarmingd typicalhe PR abiasing ghecndaied dsckgromdieselfrun amredste mlémy@t roke
oL, RS PR GUEneRLens SOPIBNG W Sl ay e et o
for eachoypibyemployieg héeydtiokt regioethresB8ld\WDIOB0054169 PCT/ 1L01/ 01082
. The contents of the keystroke region accumulator table 602 for each
20 key stroke region preferably are then com}ﬁared with the current key actuation threshold.
If the cohtepts of the accumulator table 602 exceed the key actuation threshold for a
given key actuation region in a given frame and in the previous frame the contents of
the accumulator table 602 did not exceed the key actuation threshold, a key actuation
output jg provided.
25 Similarly, if the contents of the accumulator table 602 does not exceed
the key actuation threshold for a given key actuation region in a given fré.me and in the
previous frame the contents of the accumulator table 602 did exceed the key actuation
threshold, a key deactuation output is provided. In all other cases, no output need be
generated. -
30 Reference is now made to Fig. 22, which is a simplified pictorial
illustration of outlines of typical keystroke regions 625,626,627 and 628 as sensed by a

two-dimensional image sensor (Fig. 1) viewing a keyboard, such as the keyboard 190,
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lies within a predeterm ned keystroke region, such as keystroke regions
625, 626, 627 and 628 (Fig. 22), and, if so, within which keystroke region
it lies. waozeam9 n Figs. 20 and 21, pixel values, such aBCTay/oL@eel

val ues, are acquired for various pixel coordinates. As each pixel value is
acquired, a determnation 5 is nmade, using the pixel coordinates, as to
whet her that pixel lies within a predefined keystroke region (Fig. 22).

Thi s detgemmpigl ®8. i s preferably made by enpl oying a pixel index table 601
whi ch indicates for each pixel, whether that pixel lies within a

predet er mi ned keysRefgkace dgi o anele 19 e, 20 ik whiackinipdifisd rpwteritlegi on it

i es i gt tflind LB SUble P28 s RS o SR el FeRC
functi onpdttert ypiasidhed byddith isnery HjedWtoh@ahdnt orlRbfondie & URr kdiirvid y have

anot her function. ngi cally, depending on the function, the pixel value is
added t oegions ABY.PAGPEHand & @iHiZéel total maintained for each keystroke

region in a keystrRked,80l o, AREHIY IATa4 A0 807 N000RL. Shokfe pixel s

in a frame have been processed as af oresald,” an background

| evel i silldgtaions bethréoaltdrivgivermdtRoduickiss KeYierehinid ol fifdtRahdlie bisel
determ ned t ygi cally by subtracti ng the updat ed background | evel froma
pr edet er Withigdhe kKprsEkereipyevhighi I Hes a8 dopapin BEed! Aot tebigh Iddys3oke

region. Jthisd s,pEeler &)Mfig@qlfdsﬁgti?rﬁﬁ']fé%e R BYAr0 Gk Y Side Rk a 0T On

t hreshol d tatﬂe 604. The contents o eystroke region accunul ator table
602 f0or BaclR2A202RkReypdt226ke regi on preferably are then conpared with the
current key actuation.threshold. _If tﬂe con%ents of the, accumul ator table

602 exceed the key' HEttFafPBn" iteA6r dhE s Shogn arnged Aleie aCPB Yegi on i n
a given eIrE'ﬁﬁgy akid 610 o §/1pPHEY ikBYtrokE Q‘@%ioﬁ l380 QBHEﬁﬁhﬁin@fto at%lﬁerﬁfé gy ator
di a ol d, "a ke

tabl e 602 di d not exceed the key actuation thres act uation
out put i entmung dedlurdBy Sifnpikels 622. Af ttpheal compleieds footprint eofeec typmaal digbt t abl e

T oo SRS LB B SRl bt el Bt ot "
accursul afe@iredcdt P26 tFiexseatbulsiritkey Faypail @biprinky 65)6bd, 627 k&Y

deactuation output is provided. In all other cases, no output need be
gener at e2k8, sorqepeding tekiystrabovagiue desigmited 6202 630a3drand$33 in FigoR24 i ed

e T
Vi ewi ng 634k Sylpermdosigoe bf alse fdwepheydddasetr 18O background signal pattern 626 is
indicated at reference numeral 635, A one dimensionélly selectable overlap of footprint
20 624 over keystroke region 620 is indicated at reference numeral 636. A one
dimensionally seleétable overlap of background signal pattern 634 over keystroke
region 620 is indicated at reference numeral 637. A one dimensionally selectable
overlap of superimposition 638 over keystroke region 620 is indicated at reference
numeral 638.
25 . Fig. 25A illustrates a bias function 640 corresponding to a cross section
of the keystroke region 620 taken along axis 610, which bias function defines keystroke
region 620 along axis 610. There is also seen a signal function 644 corresponding to a
cross section of the footprint 624 along axis 610; a background signal function 646
corresponding to a cross section of the background: signal pattern 634 along axis 610
30 and a combination signal 648 corresponding to a cross section of the superimposition

635.

There is also shown in Fig. 25A a one dimensional convolution 650
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34 WD 02/ 054169 PCT/ 1L01/01082 seen in Fig. 5A. Reference is now nade to
Fig. 23, whichis a sinplified pictorial illustration of outlines of

typi cal vooopoeismess 629, 630, 631 and 632 of a typical |ighCT/IatlotE2n
occasi oned by data entry object engagenent corresponding to the keystroke
5 regions 625, 626,627 and 628 (Fig. 22). Reference is now nade to Figs.
24A, 24B and 24C, which are sinplified illustrations of three alternative

met hodol Q@iegsordialy det @ﬁénmﬂneﬁslémyf Yaesthion Bleridpe 695><eal on¥ BideAstohsl
keystroke region in which it lies as shown in Fig. 21 and to Figs. 23A 23B

and 23C, complaiom 662 sprrpipohiling tp Iolnuslnmmsumﬁy@elemahbe@verm ®R7 ané aueref ul i n

d t and 0 t Fi 24A, th
oo’ seitiendand ook Hhriof oy SRENEED ofe Wl dally St Ble Sl oke
regi on 6243 @@H&ﬁ@@{léwg éh@w% Wit 8 fhr&§h61 8 860, &aﬁ%lﬁhﬂh @gzas Mowmdvitha of

ical sinplified footprint of a typical light pattern

pi xel s 622. At

occasi onfénbswdoiélganémm@hdb]n@ﬂ lestgzezg‘ewhtathmeshplcﬂ hed.gi ven key is indicated
by 15 reference n ral 624. ines of,typical footprints
035, 626, 627 and TEIRE 6 rieckiBnaliy TREY Re St VHREPEY oiBedbsrrha 620,

630, 63larbitrPadsion0 bl GmpBRed Reﬁsﬁ’@k@ 1&@68@6@@%&&1@@% a gifkl ker fhd S
i ndi cated by reference nuneral 634. Perl nposition of the footprint 624

over t hecaniikige sueralivgrfatixgab8srimeczepiibed k%@tr@kﬁ eagien 6§ ehdeengdwWiuner al

635 A ong LIRS 23kl ool SELA £, AL AR @ KORLALI Uy 3002 NEl

keystroke region erenceé’ nu

di melisi ostad ﬂyyslcsblhmtpatbérﬁ oovAidnag bg)fdatma@k@rcﬂmuﬂ efggRalenpaith eﬁenglﬁaflkqx/er
keystroke g{l on 620 is indi cat ed at reference nuneral 637, one
di mensi o‘ﬁe\‘l“i‘ sbbycilamsnes ngverl a8 dF tlitne Peekeseund Banad patiernds 1@&?&% oke

region référeh&d Er%ij 686, §1ﬁjgﬁ RSiBon BYTRE ot 68?4505éfrgch%§§étg$mt rates

a bias function 6 correspo to a cross section stroke
regi on 64¢ndl akitern #86 mndx:a&d &1&fem‘mecrtunlmra]s6&‘8u Acdneoimﬂe:fwmé]& sekymbieok e

Cor' e3ponir Al ToPaTet J8e QUELFBARDE FRO GO B oaso8 niiERig B10; a
iy Dy e o Sldani i 00, sl
648 cor respontdhgver kepstmkegsgisr 680 end bérdeh683 uspedlcatpdsat tdfenance numeral
692. A one dimensionaﬁy selectable overlap of superimposition 688 over keystroke
region 680 and border 683 is indicated at reference numeral
: Fig. 25B illustrates a bias function 700 corresponding to a cross section
20 of the keystroke region 680 and of the border 683 taken along axis 670, which bias
function defines keystroke region 680 along axis 670. It is seen that border 683 is:
assigned a negative value relative to the value of the keystroke region 680. This value
assignment is abprgciated to enhance the value of data entry object engagements to the
extent that they lie within the keystroke region 680 and to decrease the value of such
25  data entry object engagements to the extent that they extend over the border 683. There
is also seen a signal function 704 corresponding to a cross section of the footprint 684
along axis 670; a background signal function 706 corresponding to a cross section of the
background signal pattern 686 along axis 670 and a combination signal 708
corresponding to a cross section of the superimposition 638
30 - There is also shown in Fig, 25B a one dimensional convolution 720,
corresponding to one dimensionally selectable overlap 690; a one dimensional

convolution 722, corresponding to one dimensionally selectable overlap 692 and a one
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635. There is also shown in Fig. 25A a one dinensional convolution 650 35
WO 02/ 054169 PCT/ 1L01/ 01082 corresponding to one dinensionally selectable
overl ap 68@p2/65406%e di nensi onal convol ution 652 corresponBCTHILMLO1@AE

di mensi onal |y sel ectable overlap 637 and a one dinensional convolution 654
corresponding to one dinensionally selectable overlap 638. Convol ution 650
is showmm with a threshold 660; convolution 652 is shown with a 5 threshold

662 and ganyebHill AhvERAiohS7 ha H gé&%&?té%‘ %&@%&%&1&%& Mc@bggB{)grﬂpt o Fig.

24B, there 1s shown arrange arbitrary axis
si mpl i fi &t Kepsolubke 72@gé groveB@ith arthesimd dR6gednohutigh V&b ik showanetith a

containin lural ity of pixels 682. The sjnplifi keystroke region. 680
is here @ﬁ%ﬁﬂlﬁ @Brﬂﬁéﬁﬁ%ﬁmﬁ%ﬂ%ﬁﬁ%?ww&g aﬁéﬂﬁél_?qlglzggr egi on border 683. A
typical sinplifiedrieadhbnt tol_pigﬁfztﬁf%, UNERE Gl shbivE NMrrRBtd _%Idhtgoe?%aﬁlh%ed by

dat a ent%g_ obj ect engagenent wit e given key 1s Indicated by reference
nunerdal Yrarpaxy pideal sipbikigd deysdroke gegivn FA0 cemresposdingdo eagiest kdyyandef er ence

nuneral 686.. .Super,i siti.o f the f.oot.print 684 over . hackgr ound
Ci'gnal patTiRiRE AGUTHES: e B 4 ol 5 SPBHBRS Bextints Beenett ik Beshowt
di nensi ofigddud&EbeCs @bﬁlﬁiﬁeqvws&@k@fr%@@@timer NBor@8470Y 8hd HRY 8 IsRAKEerEi on
680 and border 683 is inndicated at 15 reference nuneral 690. A one

di mensi okeysitgkes e¢gaent Qbtes bovdarl 4. ok thpickgsiophified ifgetatint phtat iypicab8ighover
keystroke.region .680. and border 683 is indicat at. reference. n ral  692.
A one. ot TSP bR RO B eB Y 08 hfres Lt Bt bk Eih SEB s

keystor okgferé@l QIn@B07ANN bpsiearbaeBsolsd sipdhicaiReh & indRbRUSHCR MRS al Fi g.
25B illustrates a bias function 700 corresponding to a cross section 20 of
t he keystyaial 7egivneBBposien of theh@omsingdf4 68F thalbeskgipenysiandl aga®  whi ch
bias fu j.O ' roke regiLon 680,.al on RY) It is seen that
border 6 %t !ssﬂd%gg? g%gzg%g%géeag{n?{/%%g% ﬁeorlreeﬁhg{efl?}gn%féf ?qlneecz%gﬁ %erk{) ?fﬁe

keyst r okfotpeit Ol#468@r HdyisSoMAlr¢tBon TG grinBbaidetss 74 RAECI43t Rdintfkagdhance t he
val ue of data_entry object engagenents to the extent that they lie within
the keysErRES BEISA 68D Avae iddmgrsionslly sctagibleapvralaprofhaekerowndy sigaalent r y

obj egf ?%ﬁgﬁ%‘&%rkgyﬁ%’(e??éi?ﬂwfé had b%gﬁé ﬁétaﬁ@949\éaet%1dfc d BOLAGEL K83

There is also seen a signal~function corresponding to a cross section
of the fuoobhgri 62.684onaldimensiotially G2lkctahleb avdrtppooh dusarigmalsition 48 oner706

;FLLSSQQQ%'S% t%ﬁ%ngﬁl-@?ﬂ%ﬂi Eg{qlsg 4%%‘619%8 iyg-g?cg e:rdoaltJ ?e ersélngenr?llmegglt%seﬂfr n 686

Fig. 25C illustrates a bias function 760 corresponding to a cross section

of the keystroke region 740 and of the borders 742 and 743 taken along axis 730, which

20 bias function defines keystroke region 740 along axis 730. It is seen that border 742 is

assigned a zero value and border 743 is assigned a negative value relative to the value of

the keystroke region 740. It is appreciated that these value assignments enhance the

value of data entry object engagements that to the extent that they lic within the

keystroke region. 740 and to decrease the value of such data entry object engagements to

25  the extent that they extend across the border 742 and at least into border 743. There is

also seen a signal function 764 corresponding to a cross section of the footprint 744

along axis 730; a background signal function 766 corresponding to a cross section of the

background signal pattern 746 along axis 730 and a combination signal 768
corresponding to a cross section of the superimposition 748.

30 - There is also shown in Fig. 25C a one dimensional convolution 780,

corresponding to one dimensionally selectable overlap 750; a one dimensional

convolution 782, corresponding to one dimensionally selectable overlap 752 and a one
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corresponding to a cross section of the superinposition 688. 30 There is

al so shown in Fig. 25B a one di nensional convolution 720, corresponding to
one di mevedoned4hep sel ect abl e overl ap 690; a one di mensi onBCT/IIoAVE@GS2UL | on
722, corresponding.to one dinensionally selectable overlap 692 and a one

36 WO 02/ 054169 PCT/ 1L01/ 01082 di nensi onal convol ution 724 correspondi ng
to one dinensionally selectable overlap 694. Convolution 720 is shown with

a thr eshahflndgfi ANt 18R b2Rshohd oM ot téiﬂn;%siérﬁﬂlgsﬁpéogabyg bvaidy |

convolution 724 is shown w a threshold 728. Turning now to Fig.
t her e i s7h6anvaniiengHisathony waitle etimeshold 786;bionvaluyion )83 is7$@vear withpd i fi ed

keystroke reqi 740 corres i.ng to a.given k d containing a
pluralit reagﬁgﬁgg!aggmdﬁwgo& %%mﬁltﬂéﬁ?@%’]%gi on 740 is here shown
surrounded by a simplayfdeappkRysid Rk@ J &@isRIRrtBARF cbRvdiRions438aHlt d a
sinmplified ke{stroke regi on outer border 743. A typical sinplified

{

f oot pr i nt>4dhatgthe ypildwirddri agtengerpenttod fiigo 28asind ol pipvisigs shechast getedfjatt
engagenent, with the gjiven i s indi d.by . | 744. A
Cy oo el b ecP ol Yoda B SN et BUFLSOREAUIET S 4706

- Super i nposi tion oRefeRRacd eOhPW fibdd 44 Kyers,t Raichagkgspuslifical fowl clpat t ern
746 is indicated at reference nuneral 748. A one _dinensionally selectable
over | ap dfistratigst neration7afaa glats eniay Sbiesk engaggmsat Fratian sepdrg sisysiem and 743

is indic . ref nce r 7 i el y tabl e
overl ap %%ﬁgggid?ogﬁﬁ&éﬁ&%ggggé'%é?tggﬁmaﬁ@ggvgéﬂ%@§%grg&%()gg#ﬁﬁ 40 and
bor dgr s atdardandt Wiisa beefemell @abRlimait Jfeliesernaeinvebigral 752. A one

di nensional | y sel ectabl e over]| ap.of superinposition 748 over Kkeystroke
region 740 and bordesesninXignd, piglivaliehdivehperast levef Wisicue faadired 754,

Fig. 25G.i.L}t r ' f i ecﬁn?% dj : G ction
of the ﬁgbg%?@fgeﬁ%gzﬁogﬁﬂﬁ% éﬁ%&?%'pﬁzgglggggé%s g %ggte%? t@&gﬁﬁaﬁ‘%ng axi s
730, whiwhde, 2Birgi @8 ffixeicddoadingted,i a3ete Whgther tke phedilien Widin al predefimeds 730.

It is seen that bqrder 742 is assigned a zero value and border 743 is

assi gnedacé“’ﬁéﬁ%?‘?'\% p&ca'iluéielzfrth? B’t’ﬁe%gecsonqt s wihpe HFgetF%n?‘g9§{VFcfE€mPegi on
740.14 t ft§v£‘g@{s‘?€d&&§d that these val ue assignnents enhance the value of
data entry object engagenents that to the extent that they lie within the

keystroke regi on 7% pindl vadusifer cecispixehie prefbmablyothresholded and tymically dbj ect
742 and at

JLRE RS R L INITE T S MU )
cor r espongy BE weftRed®yPs Sel @6 Weighhg hAtemERE IR ddr td détermine the “center of
gravity” of the thresholded and weighted pixel values, the thresholded and weighted
20  pixel values are multiplied respectively by X and Y values represénting the coordinate
position of each pixel and the results are summed along mutually perpendicular axes X
and Y and stored in X and Y accumulators. The total of the thresholded and weighted
pixel values for all relevant pixels are also summed and stored in a data accumulator, for
the entire active region.

25 Once all of the pixels in a frame have been processed as aforesaid, the
| summed thresholded and weighted pixel values along the X and Y axes respectively are
divided by the total of the thresholded and weighted pixel values for the entire active
region to determine thé X and Y coordinates of the “center of gravity”, which represents

a desired engagement location. ‘
30 Reference is now made to Fig. 27, which is a simplified flowchart
illustrating - operation of functionality providing shadow sharpness analysis in

accordance with a preferred embodiment of the present invention, to Fig. 28, which is a
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al ong axis 730; a background signal function 766 corresponding to a cross
section of the background signal pattern 746 along axis 730 and a
conbi nat ivod 050ym@ 768 corresponding to a cross section PETALNR/01082
superinposition 748. 30 There is also shown in Fig. 25C a one di nensi onal
convol ution 780, corresponding to one dinensionally selectable overlap
750; a one dinensional convolution 782, corresponding to one dinensionally

sel ect abéig,ip(ﬁ‘ﬁ@& Iil tr Ll:?gn @%B?ef&% da%‘a? stg.l}éﬁ%gt%{gx%goﬁfjeeg Zril ﬁg@.‘%}a%f‘ fg)}; %%éata

di mensi on convolution correspon ona ectabl e
over| ap entbAobjE€orargapémart 1d80ionsseatinpRubdytiemasHomemBigd27 864 t€ Bip/ @yt i on
782 is shg%.w’tq a thregh l.d 787 .and_convglution 784 is_shown with a

t hr eshol &DiF8dS 21 {lusgtinewhish isusehildy updewnedipg Heilipsyhart 6AF 2donvol ut i ons

638, 694 and 5 754.t : | _ber i C.and 25C
provi des the best ééfggéf%ﬁqg%?ﬁha?g’gﬁ%%3ﬁ3§?§§§?3%€§%?gﬁgp%ﬂgébéﬁgnt,

whi | & mi adquirzd g Baiokg powhdoeiiiners.sAs Retheyiegicalueds aawirdde déterntingtion?26,

which is,a sinmplified flowchart illustrating operation of a data entry

obj ect elidh ﬁlflgltg‘éﬂ’?egﬁo%rgﬁﬁ%ga%%g’ %‘géﬁﬂ%afeﬁ*&?{)ﬁ%sdwﬁhmaa P‘_F%E Pty system
and et MRdal Oy rGRASBONEERI 20N PRAEALE GidsNinhf 188 EPEUANGRiL 0o

preferred enbodi nent ofthe preesent 1 nvention. seen I'n pi xel
val ues, sut$ldasspactiyelyeVes deriupsiionisprefepbly mdde by emyphiyimgis pixekiadex

sing. ¢ neop: i BEE PPt e p St Fohafel e i ao iAo T
predef i negstrakd iraor @EHOIT. sol WiattGA MM ch KkbydtloRe BEXBhH aggﬁeil E@twiiﬂiﬁ lV\Vﬂi&}hi n-a

predeterm ned active region, 15 its value is ignored. The pixel value for
each pi x&dysirekpsubregiamityieshr eshol ded and typically all pixel val ues

falling bel ow a gi shol d.,are. ignored., The,r ini i.xel,,val ues
may be wei ghted by¥§gs%ﬂg%?veed0€é egﬂ’lxleﬁﬁgﬁgsr 3%?313? %?%Xﬁrg@r &tlg‘ 28} & i ne
the "centgculatbd agdaghirdsyolded. Khexib egivhted @gluas) dhyvebaitedvathoseds waligles, the
t hreshol ded and wei ghted 20 pi xel values are nultiplied res%ecti vely by X

and Y vaPifesd pappeiaming thresiold ooy amnaeeé fopeashtsubreesin eetrhpioyetrolid t he
544, BT el BB GY Bh e AR REL T
val ues faaluad dlongethevantis B0 €drsa @tuaticd, soctsamedilanthtal iarreg. 110, as safwh
accumul agtorteferén%re nutmhe?a168nlt2i. [f%e %(C-g.;i\s/ %erri\?a iivg I’%l'qereof is shown at reference numeral
814. The variation of pixel values along the X axis 808 for a situation, such as that
illustrated in Fig. 11B, is shown at reference numeral 816. The X-axis derivative thereof
20  is shown at reference numeral 818. The threshold applied to derivatives 814 and 818 is
indicated by reference numeral 820. |
[t is clearly seen that the closer that the data entry object is to the
engagement surface 104 (Figs. 11A & 11B), the sharper is the detected edge and the
greater is the derivative.
25 Once all of the pixels in a frame have been processed as aforesaid a key
actuation threshold is determined typically from a predetermined threshold level which
is established for each keystroke region. This is preferably carried out by employing a
keystroke region threshold table 822.
The contents of the keystroke region accumulator table 810 for the two
30 subregions in each keystroke region preferably are then subtracted one from the other.

The difference. is compared with the current key actuation threshold. If the difference

exceeds a key actuation threshold for a given key actuation region in a given frame and
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25 Once all of the pixels in a frame have been processed as aforesaid, the
sumed t hreshol ded and wei ght ed pi xel values along the X and Y axes
respecti wed y2/ef4e69 di vi ded by the total of the threshol dedreniLoawigt ed

pi xel values for the entire active region to determine the X and Y

coordi nates of the "center of gravity", which represents a desired
engagenent | ocation. 30 Reference is now nade to Fig. 27, which is a

si npl i fi@dhé pessbharitamé tHeuditferht®did aResx@tddmhe Weyfasngtibs AdesHoyd, b Ryt di ng
shadow sharpness analysis in accordance with a preferred enbodi ment of the
present §HHAEREOBIRUL BPTREYIged.28, which is a 38 WD 02/054169 PCT/ 1L01/ 01082
sinplified illust f@i{rdif%ﬂ OEf tﬂe%%ﬁér%{deecﬁ’oe‘é%%o? e§§efeﬁ%é”k8 RLAYE el ol e
operation of the data &h ry obj ect engagernen ocat R séngl ng subsystem
shown i nfoFiaggivad leydadteatfongreg?éh in wWhigileniBara® ankl tsiHeapicoiduwtiahe itke usef ul
in understanding the flowhart of Fig. 27. As seen in Figs. 27 - 29, pixel
val ues, i‘if&’ﬁm&% igrexgeqdehe key griuation Hireshokl, a kqyiideaquation auipytdyproyided)
coordin : h, Dj j uired, a determ nation is nade,

usi ng tﬁfé‘e%lu% cgge%f%f?%‘gt?lens%%gbsé% Sﬁ%\r%%?her that pixel lies within a
predefined keyst rRiferenegiiono@0malifitg. Fig930antdichhist hetmplifidd Brswbtidi n | ef t
or right subregions 802 . and 804 respectively. This determnation is

pref er abffhs‘?wh‘h%lg‘”’&groélﬁﬁ? Y Henakiop BegYer jvaraon g—‘é‘BV‘énaé‘@G Ui B acqerdsases for
each pi x o) i Wl p 1 : oke
regi on aﬁgl? a}’é}.@%g&‘,éﬁ V%E{B%Fhrﬁﬁﬂg ﬁhig%%to@g&}tga i gﬁgggﬁa\kgh Qﬁtgslﬁg\ftﬁ%ﬁh\r/\hi ch
keysltdr okleigs 3B riediresied to niceis]atifigethe @miovat b @lwhinttien provédedviak dew altong” t he

X axis 808 (Fig. 29), i cal cul at ed. and .t hr eshol ded. axi s deri.yative

Vai wes, TR shdisetin: ddrd BRsMebRE el T L LRI G, are
sumred f@ipigash opubrdat emrPlobRREAnkay shiokeitrdr 801D), ARtegdeoHith ithe @
keystroke regi on accunul ator table 810. The variation of pixel values

al ong t héstnepdeswemanf idpmanason 838 dndrp, dadueniriaebie¢talhid it ustyrtetapdrdciatdd g. 11A,
is sho referen ral. 812. The X-axi,s ivative thereof is shown
bt 1ot or abhe FIEREDE gt PERALnG S 2 BB B (Do R b St il Bl i e
808 1ffsor thas tHeliidudl of Hpleing$ndif@bn aldatdisdiFabigeotign 4 FF@thdrmbrdhe lafowioWn at
reference nuneral 816. The X-axis derivative thereof 20 is shown at

r ef er enc® safEedlish1gIPingiag Rracddetter Siplecarnsesowith the distanes betvgenitee 818 i s

| ndi cg}]g&égtxrgag;@gg i U MleRlor Skse twb Lididhol BRI SEC ok D Blel RSy S} OSCF

data entry object engagement difficult.

In order to overcome this difficulty, there is provided in accordance with
20  apreferred embodiment of the present invention variable intensity drive electronics 840
which is coupled ‘to both illuminator 830 and detector 836 and which causes the
intensity of light produced by the illuminator 830 to vary, typically in a ramp fashion, in
synchronization to the irr—laging field location of detector 836.
Thus, it may be seen that when a near portion (A).of the engagement
25  surtace 104 (Fig. 1) is being imaged, typically at the top portion A of detector 836, the
intensity is at a minimum. When an intermediate portion (B) of the engagement surface
104 is being imaged, typically at the middle of detector 836, the intensity is at an
intermediate level and when a far portion (C) of the engagement surface 104 is being
imaged, typically at the bottom portion (C) of the detector 836, the intensity is at a
30 maximum.
Variable intensity drive electronics 840 operates preferably by providing

a synchronization output 842 to detector 836 and a corresponding synchronization
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engagenent surface 104 (Figs. 11A & 11B), the sharper is the detected edge
and the greater is the derivative. 25 Once all of the pixels in a frane
have beew@poverse®ded as aforesaid a key actuation threshobPdriideiser m ned
typically froma predeterm ned threshold | evel which is established for
each keystroke region. This is preferably carried out by enploying a
keystroke region threshold table 822. The contents of the keystroke region

accumul ab@putt 844 @o SlQndiRitort B80! WRisingOtheURR@GItPNSvEINtE MReds8 Viat fiieid egi on
preferably are then subtracted one. fromthe.other. The difference. is

conpar edS¥ichIpnizabor withdp loreljonapitasatinsd imagersisindn defecton836li f f er ence

exceeds a key actugfd I ok. a,9i ven, key act.uati.on region in a
gi ven frame and 3%&]\3\%%65%’%%%5(33&;:%_8%8%6%23 Xianglﬁgedp 8%%%5 c?r}raame t he
di f f er engateth ehdficitorediedfor beokding acligal isi?ﬂatthiﬁsab@éxdanc% el a pRGérdat | on
output is é)r gvided, Simlarly, if the difference does not exceed the key

act uat i ofpeEspoPicthe pagsent Gverionk &y saen iFisoROr ayoviput Fom gidelerertryame and

inthe p i . 5 di e dihd exceed e tyatign

t hr eshol %@X%%E‘g?fé %eactd Egagﬁ%nns%tﬁ{'%%%’ |Sor I(1)]ve|IS eegie.c o énu%gﬁ%e%tlﬁgr@&%sl 5, no
out put ngredidbeingenizy giocsitionRat GHEnE Butbts MMEHEE QofnBidet Gn a IgitaWiighituless a
simplified illustration show ng synchronized illum nation power variation
funct i onSBNETAPILSHE UPIgAl sigasiueraBensraigy Sh2 Prpfeebls peayidashe diniavst digitak he
present i i I i i: t i hg. I jrected
t o nodul %@?%%tbﬁ%da%ﬁ%ewwt?@r% l}rlléaé{l%lglnﬁl?rtgr\fl}#gceio&h é]‘g%gl&gtb% ggﬁ?rra %/e% bg’bj ect
engadeneiht fdetiectlitprlesciived hewthabats withirsfechast tabige. Deawlise THeepdsitte@nsi ty of

light inpinging,on a data entry object and. is thuys scattered thereby,

decr eas e‘g}Rthgrﬂaf ke ge’ﬁﬁr%‘ieé%é’et%ﬁ WAL qaelP‘Frth‘ﬁi MSEERatpse iy r%eféﬁ%eat% ntry
object. figussit may be appreciated that the amount of I|ight inpinging on a
data entry object 832 is substantially greater 15 than the anmount of I|ight

i mpi ngi ng on a dat Refereney isolsjveotad@ 81 FigFaz 1 Whichos e sinhelifedoilingtratioh feat t er ed
i ght i npinging a _detector 836 decreases wth the. di stance between the
dat a entrﬁ?éﬁ' %g%rjﬂescyg{%énnén? r{%&b%({oé%ﬁymc.m%ﬂ]&%éi %‘%é?”oa?fg Théd aa%%@ms ntRS make
det el i oprefhred bt danEdYo Ok @fésefN GRGLIEN hndlsfibidi i d sedanogowa&tat&t@v ercone
this difficulty, there is provided in accordance with 20 a preferred

enbodi netfiesfnteraation wak i ingi keittoar dedinedpn e surfaem sielyasda pulbdewadrayoni ¢
840

900. Such a pull-down tray may be located in a vehicle, such as an airplane; and may
have multiple uses, such as a dining tray. The keyboard may be defined by printing on
the tray or on a sheet which can be placed on the tray or alternatively by suitable
20 illumination thereof. Data entry object engagement detection may be provided by
apparatus 902 incorporated in the vehicle or alternatively by portable apparatus, such as
that carried by a passenger. Computer functionality may be provided by apparatusA
incorporated in the vehicle or alternatively by portable apparatus carried by a passenger.
Computer memory, such as a memory element 904, may be carried by a passenger and
25 may be inserted into a suitable socket 906 in the vehicle.
Reference is now made to Fig. 33, which is a simplified illustration of a
keyboard system and methodology, constructed and operative in accordance with a
preferred embodiment of the present invention and providing alphanumeric annotation
of photographs using a suitably equipped camera, such as a video camera 910. A
30 keyboard 912 may be projected by a projection subsystem 914 integrally formed or
otherwise associated with camera 910 and data entry object engagement detection may

be provided by detection apparatus 916, also integrally formed or otherwise associated
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which is coupled to both illum nator 830 and detector 836 and whi ch causes
the intensity of light produced by the illumnator 830 to vary, typically
in a ranwéaybi4oey, in synchronization to the inmging fiepdriiaaatisen of
detector- 836. Thus, it may be seen that when a near portion (A). of the
engagenent 25 surface 104 (Fig. 1) is being inmaged, typically at the top
portion A of detector 836, the intensity is at a mninmum Wen an

i nt er nedvidt eaperd P06 (B lofybbird engagbarnpesishyf deeempiloded fobenmgatingaged,
typi callﬁz at the rri,ﬂ_gle of detector 836, the intensity is at an
i nt er medliHEs eRIVIBHEe RABA™ far portion (C) of the engagenent surface 104

s being imged, darpichal kY ngh bk BOHAMIAAT Huon 40 01 skbeviighesior 836,

the intensity is at a maxi mum Variable Tntensity Ive electronics 840
oper at essippkfiet dbbsyrabynpodvodi aljernativy amhodinientt bbra bestbpatd 8y candet ect or

836 and a correspondi,ng. synchroni zat.i on 0 WD .02/ 054169, PCT/1L01/ 01082
Ut pat - SRFEOI PR GATHESR B0 TG IR G FOAIoRCERGR PYF P EGR PR R Base. f n
time in th§gf&@@ﬁ@ﬂtéﬁbh%ﬂd‘ﬂré‘hdﬁl@%oh@@l?%%;agta%fi@ %&@%ﬁé‘rabﬁ@ﬂ%t’ Reghfen in

detector 836. Reference is now made to ichis a sinplified
i |1 ust r anicoigiroherd sysipnet &ng.aifdh shaves 4 begioard/ 920 defneslvonla igjesidn gitea,

vent | e S8R B9 Herfonps BTy GER F B SRR TR bR
engagemestiect @hidchRAt SeReNST BMHBoRled PYCAhpafnted BL LBichSMBS et Rk 2 Fi 9.

1), provides Intensity, position and'timng outputs which are conbined in
a dil§i t dixedlyattachedeto thetrdevasion. 852. Digital signature generator 852
preferable provid a, uni gue di gi.t al i ture based on these.outputs. The
intensity and ti me[ﬁé 6%?5&?\@3 ﬁkigytboér%gidegﬁ%eg Vlgfﬁletahléon?%ﬁ%?‘i%dﬂgiﬂﬁt y
descri begstesr ghaakoyeardiBO hef BE eRLEddddsFh@Fectidl ortthy28e priiked BRI ddyon

out put may be generated by the functionallty described herei nabove with

r ef er encitplje spyfece. phta meffe phiseleczageraent ietfstion isFpigvideg bygppatatuss)3g

si npli figd.i rat.i f r ]?eyl%;:ﬁ : gy, constructed
and oper\gl?fll\llglaﬁote cﬁ:{g?%é)g(?éé%yﬁ%g%%fgtpre eé:%rrg é%%@%gr%lﬁ@ of the present

i nvdAtion and enpllbgi ML skngs mgscofintddbe watd 93o8¢fart onrd blaaldngsidewi t h an

et keyboard delined on. s, Stlace, oueh S, 8Pl doun, 2y, 900, such o
B?;’ﬁt irmnlgﬁri())JﬁbﬁOdJ Seihay BECHiREd Bnd MMynghitbRYsurfiBe ey RARY SLiRY chBioBgthined by
detection is provided by apparatus 936 which may be portable or fixedly attached to the
home entertainment system.
20 Fig. 34D shows a user interface board 938 defined on a remote control
unit alongside a home entertainment system. The user interface board 938 may be
provided by projection or may be printed onto any suitable surface. Data entry object
engagement detection is provided by apparatus 939 which may be integralled formed of
tixedly attached to the remote control unit.
25 In all of the above embodiments, the keyboard can be used for any
suitable function, such as interactive entertainment and infotainment.

Reference is now made to Fig. 35, which is a simplified illustration of a
restricted particulate matter environment keyboard system and methodology,
constrﬁdt’ed and operative in accordance with a preferred embodiment of the present

30  invention. A keyboard 940 may be provided by projection or may be printed onto any
suitable surface. Data entry object engagement detection is provided by apparatus 942

which may be portable or fixedly attached to equipment. The keyboard 940 may be

42



the tray or on a sheet which can be placed on the tray or alternatively by
suitable 20 illum nation thereof. Data entry object engagenent detection
may be pnvooodesdidyy apparatus 902 incorporated in the vehPCT/@0/01082
alternatively by portable apparatus, such as that carried by a passenger.
Computer functionality may be provided by apparatus incorporated in the
vehicle or alternatively by portable apparatus carried by a passenger.

Conput ereiBPEd for StitfbI RS he®BIBMEnE! enent 904, may be carried by a
passenger and 25 nay be inserted into a suitable socket 906 in the

vehi cl e. Ref er enceR¢fgrenstvismntemage 19 §ig. 38, Wiivhdh aissmplisdnpiuptrgtion of a
i Ilustratjon.af. a. l t .
oper at | witiidl endinAIURY o S S0 80 A0 R QRO Wno S L ShER AT

i nvent i oavcardeng with diphgfeatd babodiviehtofihs gtathtonverdfonpAGiegBoapIISOUsdyNg a
canera, such as a video canera 910. A 30 keyboard 912 may

sui tably equi pp ] : !

be proj el?,ftlga‘“lﬁiﬁggy BFUF SO0 B rnay lissRratteh PRie A0y siidefle pyrace dPaa gnty obischer wi se
associ at i : %Eghg i t i.on may
be pr oviﬁ%&z\é\%@&ég%{e%{@%% Sg%gﬁsg@ ) ya?ss)%bﬁ%ﬁ%helgrggl%lgs ?o?lr?g)g %%tdg? herw se
associ at&thchetlto/¥dO211 5L EETT A ReyEHEEB 250 whdyhbe ampioyed ¥0r corelley boar d
may advat%t%ageoung ‘be enpl oyed for annotating pictures taken with the
caner a. FIESHREETUPHERY made to Figs. 34A, 34B, 34C and 34D, which are

.t

sinplifiedillust rl"{‘édfeféﬂée RfndvPiiad@td Pi{%f‘gz W ECHEMPAEENY F1e0 gged&&y@aﬁr d

system and 5 nethodol ogy, constructe operative in ac ance with a
pr ef iér r elthvergbimtbigna hyt foofned e agmoemendt therewetht 4 keybaad grsten dndgedmdblogly, by

data entry object jnteraction, of a ha ent ertai nt system Fig. 34A
Shovs. o SEEFBOUTE SbBPERT g SoLerEe Y] &iRHeGES GBI Rt P ther by
oper at i oRv&ftichha Ke%@é!rﬂs)!@ Ns Bfef&)ibll?_rﬁgbgi@léd 8y p%]éétﬂﬁ &%%59\/% Pﬁ)ﬂt‘eé R ry

obj ect engagenent detection is provided by apparatus 92 ch may be
por t abl eargrsuitablefsuxaet. YPaga eaicheljetvengdagementedetesition is Brayided4y sppowagus

keyboar 30 defined al opngsi de h tertai nnen system The keyboard
930 rrayd%% ‘ﬁ?%@ﬂf‘é’ eﬁ?%&gjoéglf(fa@ﬁ agtggk}?ég}ogl?ee I_brf’leng’ég%'ntp any suitable
surfigce. Data entrRefeRine€ts @0 aaaen FigeBeahicns hSiRpONdORklstbatioansFas at us
932 which may be portable or fixedly attached to the hone entertai nment

system Esfapiagt pauen dnlsugcn susem pert endthedolegyar ebngBucterbfandeepesiive imbl e
al ongsi d%ggrdgg&”%itﬁ UL AN TRBLARYRE 6Fhe Ti&sHS Rl el W 366: ROAL3g 934 My

be provi
menu selection board 970 may be provided by projection or may be printed onto any

suitable surface. Data enfry object engagement detection is provided by apparatus 972
20 which may be portable or fixedly attached to a table. A virtual credit card signature pad
974 may also be provided by projection or otherwise. Detection of a signature may also
be provided by engagement detection apparatus 972.
Reference is now made to Fig. 39, which is a simplified illustration of a
keyboard system and methodology, constructed and operative in accordance with a
25 preferred embodiment of the present invention and providing alphanumeric annotation
of photographs ﬁsing a suitably equipped audio player 980. A keyboard 982 may be
projected by a projection subsystem 984 integrally formed or otherwise associated with
player 980 and data entry object engagement detection may be provided by detection
apparatus ‘986, also integrally formed or otherwise associated with player 980. The
30 keyboard 982 may advantageously be employed for annotating or selecting music to be
played by the player.

Reference is now made to Figs. 40A and 40B, which are simplified
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projection or may be printed onto any suitable surface. Data entry object
engagenent detection is provided by apparatus 936 which may be portable or
fixedly avoavbradest o the honme entertai nnent system 20 Fi BCT/BADosdsows a
user interface board. 938 defined on a renote control wunit alongside a
hone entertai nment system The user interface board 938 may be provided
by- projection or may be printed onto any suitable surface. Data_ entry

obj ect tngeageneot a defaetitr @didcs e@agvme@tcbebs{n%@@aéraéys&nia&ai wlthoholvgy, be
integralled formed of fixedly attached to the rempte control unit. 25 In

al | of t¥ESEIIeE 2ehiBeikEh L aCeordanke YRR drefsred embsdigneny of kg preseitt abl e

functio IRt J: r AL . Nf i ence i s
now gy SHER AR WIS BEAIER GBI (AR oA R BR ey ERRECTPE
parti cul aigegemdrt eeteetion fimotiemdlitk ef/fhoayt dysiteih irpdnavet o ddtah e@yy object

constructed and operative in (iccor dance with a preferred enbodi ment of the
present FE2EHVEHWIEh2 SEreR—yH0%r 3 coisnHenpl B beevem dtlahPaselhseest: R 2or may

be print nt.Q: Sul tabl e syrdac t try.: 0hj

dot bt onrsee pRISE, Ji) R SEIACE WH & R W) BEboSIDAREERY a1y

at t achedher@naggwiepmeyt be Thetedtad hyadeteOdth mpyarkias KWD2Whi0Zralp4fobed or

PCT/ 1L01/ 01082 enpl oyed. for control]jng the i pmrent. Referepce is now
made to qig@rw%?ss FER Wih é%ﬁlﬁﬂ@?& ohe Reeis a6 BF <ammloyidy J55 (.
envi r Onr@mﬁbl!é%ﬁ{ef?@a&i%nsg{&h%@i@ag iFELBOHO I atiER Mk ST -Abt OPGALRLI Ve 1N
accordance with a preferred enbodi nent of the present i(nvention. A keyboard
950 Ivay 15 abeuionwiic ¢t achinej ecti on or may be printed onto any suitable
surface. Data entry object engageneant tection i s provi.de appar at us
352 whi ch ey be. POFERBEG G TRUANS ety s HGh 1t & STHAL G ACBHB B ent . The
keyboar cseo@ymad BeeBbriae dykiem @rﬁﬁlb?;ﬁx!g' LB enir?%bﬁéwtéﬁ ddedlene detspaENt .
Reference is now made to Fig. 37 which illustrates a video projector 960

10 havi ngethadelgenl Jopstrentereendovpeaaiiveoh aeedatise vaili ¢ hrederkasydrokadimsyisefem and
met hodol gy nstruct and. oper.at.i ve in accordance w a preferred
embod ettt aoefh I LA vanRE SRerdpfanl 365%eel' af RIS Sor ovi ded
by pIsoj esdnivertional ORY deeeeh) 4 fkiSshneNdcPeendbya Sdtbdnd Bl Fectell AR andeR lsan@at 1y

obj ect engagenent -detection is provided by apparatus 964 which nmay be
por t abl etoghak i warigus kehegrdsslestribegrhsieinabsive.gmay be detected by detection

apparatus 1012, integrally formed or otherwise associated with screen 1010. The screen

1010 may be located at any suitable location and employed for entry of access
information by a user.

20 Reference is now made to Fig. 42, which is a simplified illustration of a
object engagement sensing game system and methodology, constructed and operative in
accordance with a preferred embodiment of the present invention using data entry object
engagement detection functionality of the type described hereinabove. Object
engagement with a game board 1020, which may be defined, for example by a

25  conventional CRT screen, a flat panel screen, or a screen projected in a manner similar
to that of the various keyboards described hereinabove, méy be detected by detection
apparatus 1022, integrally formed or otherwise associated with game board 1020. The
game board 1020 and associated functionality may be employed for any suitable game
application, such as chess or checkers.

30 Reference is now made to Figs. 43A, 43B and 43C, which are simplified
illustrations of a data entry object engagement sensing musical instrument and

methodology, constructed and operative in accordance with a preferred embodiment of
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15 Reference is now nmade to Fig. 38, which is a sinplified illustration of
a restaurant patron interface system and net hodol ogy, constructed and
oper at i vavo n2/0ae@or dance with a preferred enbodi ment of tReT/priaoersk
invention. As seen in Fig. 38, a nenu selection board 970 may be provi ded
by projection or may be printed onto any 'suitable surface. Data entry

obj ect engagenent detection is provided by apparatus 972 20 which may be
por t abl etherprésexeniyyntant sttpedhit entay bajekeenghgemeittuditective dictioaslity sifghat ur e

pad 974 may al so be provided b rojection or otherw se, Detection of a
si gnat ur B/Pfy?S II%’Q%B“GB“%PYF_V&%F&%‘VPYeH_ a&eﬁ%ﬁgem’té@% BARSEE i 5487,
Ref er encgufa%emwmﬁﬁg&i%rg}@gzes 3834, Wohieh rhay Be gfnogwtécf I8 b lisSibtl o) of a

keyboard system and net hodol ogy, constructe operative I n accordance
with a @5t pfehervredusekbpoiardnidesfibethehepeiegrve, onveidrivise defthedr @si oy ng

| ph i i f h i Ui bl i d di
AR Al B T L e
i ntegr al |nYefiRE 6& e&ﬁl@?é&‘fo’%%?%é%l@ﬁ_ e@i&;m@hﬁ%ﬁfm&%&@ data entry

obj ect engagenent” detection may” be provi tection apparatus -986,
-al so integrally fBefsecors mivherade se Fag ddc iwvhiabds wi silphfied Blus@8®n dhe 30

miei ot o Hete FpBd 5 FHETr AR Rl BPERCEORE TONTHABS S8 PFaEYs 4bA and
408, Wi 6ooalBehTDhipk e dabB:AZ 054168 BETHAALAOBAR i bust af 1 0N of

a data entry object engagenent sensing screen system and netho ogy,
const® ucpisteraily wpisekt R vieybparde Etldantoe awvelticla prater peiterablodi vebiale of t he

present _inventi .and_whi ch_provides .'touch. screen” fungtional ity using
Gata ont P SBI Bkt | NERGLBEREAPDOEY dETT o FMEo APty OB Of Y (Y5ES¥escr | bed
her ei nabpréesraidatier @dring D6l dostRRYSHATB AtnavighlioR spREReDathQAfy odject
conventional CRT screen, a flat panel screen, or a screen projected, in a

manner sPHERBEPCRioWihdteYBpart hE)4Da sHeuSs IReganyardenal dSRF | seagn. Reflati PRISbve, mmay
be det ool 2% deL&EL ngégcgeéqxgtau%aﬁﬁeQZSing{)?@rtﬁ’elt'é’f {h%rfﬁ?%ggmfeg?&%% W se

associated wth screen e screen may. be enplo

sui t Bbl edappbecirdrtianhoveumbay &8 detected byndet¢@iohiapparatul AIOHRL ineiardiyofokmedne
exanpl e of ich 10 js an automatic teller nmachine. Reference is now nade
to Fig. a&ﬁ.qu:ﬁsaoglaaedsw%nhq vebicle (B b 19rUamax be dpsatsd ghathccess
control sysbheMLENRLOYI Ng data entry object engagenent sensing

Reference is now made to Fig. 45 which is a simplified illustration of a

vending machine incorporating a data entry object engagement detection system and

20 methodology, constructed and operative in accordance with a preferred embodiment. of

the present invention. Data entry object engagement with selection board 1050, such as

a conventional CRT screen, a flat panel screen, or a screen projected in a manner similar

to that of the various keyboards described hereinabove, may be detected by detection

apparatus 1052, infegrally formed or otherwise associated with the vending machine.

25 | The selection board 1050 may be employed for any suitable user interaction with the

vendiﬁg machine, including not only selection of products, but also entry of payment
information.

[t will be appreciated by persons skilled in the art that the present

invention is not limited by what has been particularly shown and described hereinabove.

30 Rather the scope of the present invention includes both combinations and

subcombinatiens of various features described hereinabove as well as variations and

modifications thereof which do not form part of the prior art.

45



met hodol ogy, constructed and operative in accordance with a preferred
enbodi nent of the present invention. Data entry object engagenent with a
screen 1WOp2/6ueéy as a 15 conventional CRT screen, a fl atpP@unal/os@seeen, or
a screen, projected in a manner simlar to that of the various keyboards
descri bed herei nabove, nmay be detected by detection apparatus 1012,
integrally fornmed or otherw se associated with screen 1010. The screen
1010 may be located at any suitable |ocation and enpl oyed for entry of
access information by a user. 20 Reference is now made to Fig. 42, which
is asinplified illustration of aCbl}EdM Sengagenent sensing game system
and net hodol ogy, constructed and operative in accordance with a preferred
enbodi ment of the present invention using data entry object engagenent
detection functi onaldatayingfit dhectepp@rid@gcri bed her ei nabove. Obj ect
engaggnent with a gane board 1020, which may be defined, for exanple by a
25 conventional CR dippagor gperplate 9alamingie aeleastgmesngagasemt plagedtt ed in a

manner sg.m.l.ar . i rds descri bed herei nabove, my
be deteclgﬁhgéhﬁ@%%@@?%wfkgéggPé?égg¥%§§§%?%%égraIIy formed or otherw se
associ ated wi th gamewbdanehsidd0imadier s@aoevibaiigthald20 st dnasspeniead

functi onaﬁl ity may be, enpl oyed for any suitabl engame applicat]on, such as
chess orPlapetr@ralocaiprraitafe said af ieasunermgacarsnEplpge fassnsiaggighhionsc,

whi ch arg: siimpl:i.f ' LAt ta.entr ect: nent
sensi ng %\lj(gli ca 1h§1t'8§t9 %aﬁﬂﬁtégfﬂaﬁgédg%g% ﬁtgzél%?gg%,&éﬁnés}{’%(c&g’?jgg%%gp%%gfa (Ji]ve in
accorldanagagehidént alguecdrel r ed enbodi nent of 44 WO 02/ 054169 PCT/ 1L01/ 01082

t he present inventiaon using data entry object engagenent detection
functionality of thé&ate GHE BESEIPhaFehens PR MM Tarsadeire-ginssoos!

engagemefta oid mraaﬂg(gw&in%%_?t@ta & rfh%lﬁ% LA ioﬁQﬁ&ﬁ@rﬂd guitar frettes
b nner t

1034, which rray'nepr jected in a simlar to at of the various
keyboar ds descri bed herei nabove, or otherw se defined, as by 5-:drawi ng, nay

be detected by detegction apparatus 1036. This ng%gi nt of.the present

i nventi ofi may be e%'p‘iﬁa&@é%plgo‘fevéfﬁya%?ﬁ%f%foegﬁ%g _ rag{%e‘i?n?ﬂﬁ}n@a‘f d_ra?a

I nstrsumesdiry nfdgh:eped)edot spsrawveTBsl@rdiectFitdleast oneWMikgdllyl SerBibid AR édtBd
illustration of a vehicle nounted user interface system and net hodol ogy,
const r ucka@ixaide 8 peyegtiopsuripce undedyiagneld aiicab auesnaigonmeatipiéndodi ment of the

present invention. The systemof Fig. 44 10 preferably projects a keyboard
1040 onto a vehicle surface, preferably a vehicle ,

3. A data input device according to claim 2 and wherein said at least one
visually sensible data entry matrix defines a keyboard.
20
4. A data input device according to any of the preceding claims and
wherein said illuminator comprises:
an illuminator light source; and
a spatial light modulation element operative to receive light from said

25 illuminator light source and to direct light albng said at least one engagement plane.

A data input device according to any of the preceding claims 2 — 4 and

N

wherein said projector comprises:
a projector light source; and
30 a. spatial light modulation element operative to receive light from said
projector light source and to project at least one visually sensible data entry matrix onto .

a surface underlying said at least one engagement plane.

ro-
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wi ndscreen. This keyboard may be used for inputting information for any
purpose, preferably for entering a desired destination into a navigation
system [Dada2/entey obj ect engagenent with keyboard 1040, PET/EILD 143082
conventional CRT screen, a flat panel. screen, or a screen projected in a
manner simlar to that of the various keyboards 15 descri bed herei nabove,
may be detected by detection apparatus 1042, integrally formed or

ot herwi se associated with the vehicle. The keyboard 1040 may be | ocated at
any suitable location. Reference is now made to Fig. 45 which is a
sinplifi@d illust r/étdaémlrcpﬂlt éevm@ﬁ@nm@nga@mther ‘Dﬁld@mﬁﬁ)‘ﬂ and rfgard ehtrainent ry

bj d_ 20 d d
operat i vaY ngol BERE RN R BB fes SRR MR e o0

present'invention. Data entry object engagenent with sel ection board 1050,
such as _a conventional  CRT screen, a flat panel screen, or a screen
projectetl in a manhelatasinpuf devicg éCQOFFﬁtlgéQ clafa 4/ard Whge%%@é}?&ﬁ@l tieklcri bed
her ei na ratus 1052, integrally

f or med §§3§9ﬁ§$%?§§@§§%§§%§€ %yﬁgﬁ%%i%ggegﬁgaﬁg machi ne. 25 The sel ection
board 1050 nmay be enployed for any suitable user interaction with the
vendi ng machi ne, including not. only selection of products, but also entry
of payneht i nf or nétdabhinppt deyies a?f@r@iﬁw‘éé a&ﬂé‘daflﬁwb@fﬁgbmd spatip} Haht n t he

ggitfgﬁfaé@g gaﬁﬂéﬁé!gﬁ%@%é%@ﬁ&%ggg%ﬁé ove a%% gg?%e a@@%@gn% of the

preslént invention includes both conbinations and subconbi nati ons of various

f eat ures_descri bed here| nabove as well as variations and _nodifi catl ons
t her eof Which do ndtd3% R EFYCHRCORENR i9 glaim rd andywhereinpsid spetighlight

PCT/1L0x59&g§gnﬂggﬁgwgohl mﬁ%gg&% h%ﬂ&} device conprising: 5 an illum nator

operative to. illumnate ast ne engagement plane by directing |ight
al ong said at | east one engagenent plane; a two-dinensional imging sensor

Vi ewi ng id at Ie‘s one_engagenent | ane fro | ocat | ut si de, sai d at
| east one’ engagere t B anBY g? %%%Fqs&g £y r%]nf%esﬁfeae ipg Lf?ﬁ”??ﬁt B

scatiser e\dhéiym%aﬁ&%ﬂ&iﬁ{enﬂfmzﬂ ifhakRgastdoy c&ﬁbﬁ‘% aWolill s@f ithadlngls8@ek. one 10
engagenent plane and

1. A data input device according to any of claims 2 — 10 and wherein said
data entry processor correlates said output from said two-dimensional imaging sensor

with said at least one visually sensible data entry matrix.

20
12. - A data input device according to any of claims 2 ~ 10 and wherein said
data entry matrix projector comprises a diffractive optical element which receives light
trom a diode laser via a collimating lens.

25 13, A data input device according to claim 12 and wherein light passing

through said diffractive optical element is reflected by a curved mirror having optical

power via a lens onto said projection surface.

14. A data input device according to claim 13 and wherein said diffractive

30 optical element, said mirror and said lens are all integrally formed in a prism.,

15, A data input device according to any of claims 2 — 13 and wherein said
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a data entry processor receiving an output from said two-dinensional

i magi ng sensor and providing a data entry input to utilization circuitry.
2. A dat avonpes41ebevi ce according to claim 1l and al so conppChHimg/oasdata 15
entry matrix projector operative to project at |east one visually sensible
data entry matrix onto a projection surface underlying said at |east one
engagenent plane. 3. A data input device according to claim2 and wherein
said at daeastiryometrixvirgj¢adol ¥Yodehisdshan@atally 60iniad Bk kptitdebhaagracteyboard.
20 4. A data input device according to any of the preceding clains and
wher ei n ¥4cY Sl¢MeN#-nat or conprises: an illuninator light source; and a
spatial |ight nodul ati on el enent operative to receive light fromsaid 25
illumnator light source and to direct light along said at |east one
engagenelt pl ane. A& dad ifgitalelputcoiéing &e clats a6 dind Gviceeia iy s&f dhfaenpryecedi ng
clains 2 - wherein said projector conprises: a projector |ight

.

4 and ! : C1 O
sour ce; BHEXJE0IECIOL Fabsart of Lighitiromdudiats bseepaspesntuighracolimating densei ve
i ght from:sai i i . o] J.e e
i ual 1y S es BBk} Biied QHELE, 8PSyl RORGL, SinEBRECHR, o
| east orteaenghightetto pivaneamdteB 624Biehl 6&sRCTHrabghl AOkP&Ate Biffrdctilat a i nput
devi ce according to either of clains 4 and 5 and wherein said spati al
li ght moWlraSamend P INGESr RN SAKBRIOKECHPR SHERSEi ve optical element. 5 7. A
data i nput device according to claim4 and wherein said spatial |ight
nodul ati on el ement conprises an aspheric optical elenment. 8. A data input
devilde adcordi ng tdh dltaiinmmud denitewiveording sa@ichispas i@l 16 iaght wheredulsaidi on
el enent . ses. a, |,0l ned doubl e side tyuncat, rod | ens optical elenent.
S5 " BB GRS aotRaray Poncd It o Gt AT i SDHSE spat | o
light nodulation elenment conprises a transparency. 10. A data input device

according to any of the preceding clainms and 15 wherein said
t wo- di neldsi onal i MagihiagnpErisyice coepdinggs aay oblclaims Rat ¢7 iamdgihereis easlor .

data entry matrix projector comprises a plurality of different diffractive optical

15 elements, each of which typically corresponds to a different matrix configuration, which

are selectably positionable along a projection light path.

19. A data input device according to any of claims 2 — 18 and wherein said
data entry matrix projector comprises a diffractive optical element having a multiplicity
20  of diffraction orders selected to provide a matrix configuration which has a relatively

low maximum diffraction angle.

20. A data input device according to any of claims 2 — 18 and wherein said
data entry matrix projector comprises a diffractive optical element having a multiplicity
25  of diffraction orders selected to provide a keyboard configuration which has a generally

trapezoidal configuration.

21, A data input device according to any of claims 2 — 20 and wherein said
data entry matrix projector comprises a diffractive optical element having a multiplicity
30 of diffraction orders selected to compensate for geometrical distortions inherent in the

operation of said diffractive optical element, particularly at high diffraction angles.
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11. A data input device according to any of clains 2 - 10 and wherein said

data entry processor correlates said output fromsaid two-di nensional

i mgi ng 3e08ves4169 th said at | east one visually sensi bl e Bat/aLoeniesg matri X.
20 12. A data input device according to any of clains 2 - 10 and wherein

said data entry matrix projector conprises a diffractive optical elenment

which receives light froma diode laser via a collimating lens. 25 13. A

data i n@2t device Ackes hipngddvicecdcabmidgtoadiy whedieisre +2ghihd pagsdingaidt hr ough
sai d di ffractl ve optical elenment is reflected by a curved mrror having
opt i cal IoFLTETY FRETEPRERT GATEIISH ddipyestiae rpée! §Lﬁme&ébam&a malERlicatyi nput

devi ce agCRfFBi-NGn bR ?e’lé@te]d?’tg%gi WhEEEER g%@llngtrféhlfctht?f;tH{%r%ccangchpE& cal

el ement, said mrror and said lens are all 1 ntegra In a prism
15, A ddtlghlyrm[hUt{udmgleefpmgmndm.ng to any of clains 2 - 13 and wherein said
47 02/ 054169 PCT/ 1L01/01082 data entry matrix projector conprises an
integrally formed beamsplitter and diffractive optical elenents. 16. A

data it devi ce ARl g obAef LaloRiAP 159ty Wegha 2 0 9% ity

matri x projector, a fro aser passes throug
col l'i rratsartgdeltenatry aredrik rpmje:gezshgin fi:om_arpatmfﬂﬁowtdr@t eclirsasrik aombmaﬂ byai d beam

splitter, which .break he e of | | i.nto t beans, of which
passes t}?‘?@B’Lﬁﬂ’P n%reﬁ%ﬁ’éb@ tB’PB’fgi%gE ?f%’&?s ??é‘h?orélﬁé}e‘i i4F§€% on said
proj ect i @R igtHakame: sn?r%l e Vrtuaf i SR BuicB H§1tlgﬁ'é@ GRiRCS A HaB dnthifdrai m 15 or 16

and wherein"said diffractive optical elenents are integrally formed with
sai dObeam splitter in a prism 18. A data input devi ce according to any of

cl ai ns - 17 and relns id data.entr ecto ri ses a
o arari 3 of i 11 ek p e SRORHME bialeihs? o RortEt i sERTRaRRT on
typi cal | pase @6 @IPOMAd o OnAk Sntd KMo ¥BbR buetfenf i guration, which are
sel ectably positionable along a projection |ight path. 19. A data input

devi ce accordi.ng to any of cl a| m; 2 18 and wherein said data entry
mat ri x p£501ector conp rlse ffractive opt.ic

| epent havi a
Tl a1 ool R PR Betlct P Aot Gar Bk e ] 4 SOk AR W, iy
conflisgurastriarpryftohchiagrigs aelhaby velight chtindRidnBam did hicasdénses angl e.

26. A data input device according to claim 25 and wherein said light emitting

elements are individually controllable.

20 27 A data input device according to claim 2 and wherein said data entry

matrix projector comprises a monolithic pattern of LEDs formed on a unitary substrate.

28. . A data input device according to any of the preceding claims and
wherein said two-dimensional imaging sensor is located on the opposite side of a
25  transparent-engagement surface from said at least one engagement plane, whereby the
presence of said data entry object at said at least one engagement plane causes light
from said illuminator to be scattered and to pass through said transparent engagement

surface so as to be detected by said two-dimensional imaging sensor.

30 29, A data input device according to any of the preceding claims and
wherein a transparent engagement surface is coextensive with said at least one

engagement plane, whereby touching engagement. of said data entry object with said
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20. A data input device according to any of clainms 2 - 18 and wherein said
data entry matrix projector conprises a diffractive optical elenent having
a mul ti pwanres41d5 of diffraction orders sel ected to proviPdelileysdoar d
configuration which has a generally trapezoidal configuration. 21. A data
i nput device according to any of clains 2 - 20 and wherein said data entry
matrix projector conprises a diffractive optical elenent having a

mul ti pl itcAnkparer@@ngdgettichf p@rtice @auses dighsirerl satl gldntinateonpesateed ad to
geonetrical distortions inherent in the operation of said diffractjve

opti cal REFBABRUEN 5314 iTERHFRAFS SREABFHRNISTHISC B9 oAb émdqeegﬁeatsde 81054169

PCT/ 1L0%{,01082 i &l iﬁa@ﬂ%@eﬂsﬂ@m devi ce according to any of clains 2 - 21
d d

and wherein sal ata entry matrix projector conprises a diffractive

optical elenment having a nultiplicity of diffraction orders selected to
conpensat.e for geopetri.cal distortions occasiQqned . by a. highly oblique

ang| g of%r oj ect | p’&r%a? 12?}.“ %Vbcﬁta&"?‘ﬁiﬂﬁﬁ tod. Qﬁr’%geéééd%’/}lﬁrﬂﬁ S té%\fp?ff‘\mcl ai ms 2
22 andnphedisirtce $Ahid A IRRELY dRLAGX oS PlaRE! Rl dfditht bHAAPAI T Of
poi nt light sources is conbined by beam conbiher, such that two |i"ght
beans ermeriffemfratomapdicdupledio ewrtigmel saihtiazgppeeat engagemeitgiunfate Wwherebysi ngl e
virtual |ight source positioned behind sajd beam conbjner. 10 24. -. A data
put - odO e SRR O e A ST P A B, CSP o] G LHRdS s
through @ugaaggw_ 88K sA8t DlusRhHol kO] IRCEARreAUHEAGE - frdstratell HALIRINARANL devi ce
according to claim2 and wherein said data entry 15 matrix projector
conpli sastlegiioarray of light emtting elenents and mcrol enses. 26. A data.

i nput device according to claim25 and wherein said light emtting

elements are individually controllable. 20 27. A data input device

accordi ng.to clai m2jandnpheasiis %@é&diﬂ?t@ Qiz}{- rof th¥Bprlebedils QllLmkOdnd
conprises a nonolithic pattern of LEDs formed on a unitary substrate. 28.
A data.-i\ﬁhﬁj@mdevi ce according to any of the preceding clains and wherein
sai d two-di nensi on I 1 S [ hs. | ted on t.h osi.te, side of a 25
t ransparent - engage%&edntﬂﬁg%rn ?t g(r:é)??rlg?ﬁ élgllrr&%%t?bq g%%etral nghrg{r%%%g%géredne%mﬁ? ane, -
wherigby dride presence of said data entry object at said at | east one

engagenent pl ane causes |j.ght . i ) i
said two-dimensional imaging sensor views generally through 360

degrees.

32. A data input device according to any of the preceding claims and

20 wherein said illuminator provides a non-uniform intensity distribution.

33. A data input device according to claim 32 and wherein at least a portion
of said non-uniform intensity distribution provides greater intensity at greater

illumination angles.

25
34, A data input device according to any of the preceding claims and also
comprising a data entry object speed sensor operative to sense the speed with which said
data entry object approaches said engagement plane.

30 3s. A data input device according to claim 34 and wherein:

said illuminator comprises at least first and second wavelength specific

illuminators operative at at least first and second different wavelengths and directing
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fromsaid illumnator to be scattered and to pass through said transparent
engagenent surface so as to be detected by said two-di nensional imaging
sensor. 30089054869dat a i nput devi ce according to' any of thReT/priaoewzng
claims and wherein a transparent engagenent surface is coextensive with
said at | east one engagenent plane, whereby touching engagenent of said
data entry object with said 49 WO 02/054169 PCT/1L01/01082 transparent

engagemenghisiioas eegeiSeand dedbid MuRAIS Bpatelt) Ay RRIBEa I de phraa: g ed and
to pass through said transparent engagenent sufface so as Fo bé det ect ed

by said two-di mens#énap-dimensiongl sesgseg sengor3@nsea light 2 snamlpajtlead'eﬁrscend
di 2 d.t f
acoor S b AL SR BRI ST AR pRSREN S peSpARSE TR RUIECE

i1l um nataon eatrd objetdpeet teds@n edge of said transparent engagerrent surface
whereby touchi ng engagenent of said data entry object with said
t ransparent engagenent surface causes light fromsaid. illumnator to be

scattereggdue to fr%&5ﬁ%ﬁpﬁ%a#g%@dl%rtg%cﬁlm%g ariﬁ c}l%% on. 31. A data input

devi ce accordlng to an ai'ns an erein: said
illum nator provi dedd nllhlrnnmiamabd)mpn@eI’aereaiﬂﬂtsttdmﬁQH@hldaﬁﬁmdﬁgfreSperatl‘léS and

sai d two- d| mensi onal m%gi n Cgensor g gener al Ify t hrough 360 degrees.
32. A dafhlFnisme wavslengt rrestng dig h9loag aHeasprigtletfihercondimmeialhd 20

wher ei n s<I§1alcgd |Ol\,lexlll§hg%g£ R{eqVi S gnd'0N- uniform-intensity distribution.
ic

33. A data Input accor Ing to claim32 and wherein at |east a

por t1®n of sai d neaid ubitd entry i sifjensipesd dessor iibutiponsipe avi craggr aaties

i ntensit) g abgeh |Ilug1 natjon angles. 25 34. A data_input device
accor di n ?‘”6“ bt 58555 % et @W%'IdHP‘?Ps“O&lﬁH gpgiBe SEBIRS 08 iNYYidingath entry
obj ect sgﬁggtlgg@%n%{ by to sense the speed with which said data
entry object approaches said engagenment plane. 30 35. A data input device
according to claim34 and wherein: :

37. - A data input devicé according to any of the preceding claim and wherein
15 said illuminator directs light, which is emitted from a point source through a large solid
angle, into a flat radially directed beam extending along said engagement plane, said
beam having a relatively narrow spread in a direction perpendicular to said engagement

plane.

20 38. A data input device according to claim 37 and wherein said illuminator
comprises:
"a - point light source which emits light through a generally
semi-hemispherical volume centered about a propagation axis;
an aspheric reflector which reflects éaid light emitted by said point light
25  source along a line lying in said engagement plane and extending perpendicular to said .
propagation axis, said aspheric reflector reflecting light from different elevations so that
the reflected light passes through said line at differing locations therealong; and
a twisted elongate mirror, arranged along said line which reflects said
light passing through said line at various elevation angles as a planar flat beam which
30 lies ip a plane, which plane extends through said 1in¢ and traverses a slit in the aspheric

reflector.
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said illumnator conprises at |least first and second wavel ength specific
illum nators operative at at |least first and second different wavel engths
and di recw®nzos45® WO 02/ 054169 PCT/ 1L01/01082 |ight al onpCeRALU1®a@s2 fi r st
and second mutual |y spaced, overlying engagenent planes; and said

t wo- di nensi onal i nmagi ng sensor senses light at said at |least first and
second different wavel engths, differentiates therebetween and provi des an
out put t39. said da&A darnhpyt ddjicciceonied tselninis md3eherdindaidasphptitaldevi ce
according_to claim34 and wherein: said illumnator cgnprises at | east
first anflSEIEOMPISFLUTHIRRPO SPhsHERdRITE Whose peficIs 0 éqogh@qcﬁ oahd

di rect ! g Ghtaxal AG: & ohASlecEbnsk: At S6AORMEIHIIBLnaiERAC R BVer | Vi ng

engagenent pl anes; 0 sal ata entry o sensor 1's responsive
t 0 changespagati¢thexis.i ntensity of |ight sensed by sai d two-di nensi ona

inag%ng sensor for providing an output indication of said speed.. 37. - A
data-i nput device according to any of the preceding claimand wherein 15

sai d illggm nator oireed %nédtgdlhtwiceweédb?dihé t%”hﬂc# Q¢ tﬁaégﬂh@edﬁ}%’ Rlaim®Umae _
through a large solid angle, into a flat radially directed beam extendi ng
al ong savhkreingaagénbne-dighensionak dindginge samdoav comgpasesekhat ang¢-gompensetsdspr ead
in a direction g endi cul ar to said engagenent plane. 20 38. A data input
devi ce éB@HIF@PWg 1%% claim37 and wherein said illuninator conprises: a -
point |ight source which emts |light through a generally
sem - hem spherical volunme centered about a propagation axis; an aspheric
ref I18ct gkl. whi ch réef| detes inpait ddeviggt acsaiding dtobyclaim dtpoindt Wwheggie s@i§ sour ce
along a lipe lving.in. sakd en enent .pl.an endi er pendi cul ar to
caia. * grbBomtienRd iR Qe Bt Pty O LEP S, %% BERE Y om
di f f er enfonalefeahitoibEnss, foiadd odtba doald depalirisphenPadsese hhvisueghagigi d |ine
at differing locations therealong; and a twi sted elongate mrror, arranged
al ong sAf@YMMeEYwhi ch reflects said |ight passing through said |ine at
various elevation angles as a planar flat beamwhich 30 lies in a_plane,
whi ch pl ane ext ends-through said line and traverses a slit in the aspheric
15 42 A data input device according to claim 41 and wherein said plurality of

thin films have a thickness which is selected to vary such that the thickness of the
plurality of thin films traversed by light beams impinging onto a given point located
along said axis of symmetry is generally identical irrespective of the angular

relationship between the light beam and the axis of symmetry.

20
43. A data input device according to claim 42 and also comprising an
imaging. lens located at said given point, which directs said light to said
two-dimensional imaging sensor.

25 44, . A data input device according to any of claims 42 — 43 and wherein said

dome shaped transparent substrate is configured such that uniform evaporation of film
material thereonto from a location spaced therefrom produces said plurality of thin films
each being of non-uniform thickness which is selected to vary such that the thickness of
the plurality of thin films traversed by light beams impinging onto a gi\‘/en point located
30 along said axis of symmetry is generaily identical irrespective of the angular

relationship between the light beam and the axis of symmetry.
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reflector. 51 WD 02/054169 PCT/ 1L01/ 01082 39. A data input device
according to claim 38 and wherein said aspherical reflector conprises
strips ofwaozphaesi cal mrror whose centers are of fset frorCragh/00ISREr

along an axis lying in said engagenent plane and extendi ng perpendicular to
said propagation axis. 5 40. A data input device according to any of the
preceding clainms and wherein said two-dinensional inaging sensor conprises
an angl etSconpensat&ddati rinputf éevaerc ecdardlingrto aQy 4f. tha pratedingwlaimdedidce

according, to Cl@ich]td'o and wherein sajt.d angl g-co ensatcﬁi iﬁ.t erference
filter cONPFPSRY StniPaPiOPSSa S CRFAUYY IR SERHO B HE OO RBI G0 For m
t hi cknesigagt eél¥BLoQRELeAryIRABIGRaped transparent substrate having an axis
of symretry. 15 42. A data input device according to claim4l and wherein

said plurality of thin filns have a thickness which is selected to vary

such .t hat, t he thickngss. of . t.he | ur al i f thin f] tra e l'i ght
bea i %q ngi ng on‘lgodaa 3 ﬁjip%ﬁevd%ei %%COF@%%%%(%&H&I n%ndsj\évlhgr%glx%sﬂgéas%}tr’%t ry is
gener al | prokddedit iCapedativ@petilabVRcaied Nxhanatngity diesad ilooaivnp &etseken the
i ght beam and the axis of symetry. 20 43. A data input device according
to cl ai niveppdimedsiana smegnaniser tagaidrilaty endyi fagctidnens | ocated at sai d gi ven
point, which directs said light to said two-dinensional inaging sensor. 25
44. . A data input device according to any of clains 42 - 43 and wherein
said doge shaped Arasspapentedtdstéiatag ® apnfdfgtheepresetihy tddimsumd or m
evaporation of film material thereonto froma | ocation spaced therefrom

pr oditc esWharia spididaia ertty processRtLOmmTisgs the dellovwag AdncHon#lER: uni f or m t hi ckness

which is sel ect ed :is%aéﬁﬁﬁ%e? Yeihe Eshgctqufr@c? cfe&'rﬁlﬁﬁﬁgg,susﬁfg nth% g&epk r@inbfe¥ Of . thin

films traversed by eans i npinging onto a’giv I'nt Tocated 30
al ong sawhethéritBat@iixed Yieweithin a sredefived&lel strokdengibnal i rrespective of the
angular  refati Onsgch%irpnegtgigg%a{uggfclriv qusbﬁ%? c%glgdiéeptgs; axis of symmetry. t
adding or subtracting each pixel value to or from a pixéL total maintained
15  foreach said keystroke region based on determining a pixel functién of each pixel;
comparing said pixel total for each said keystroke region with a current
key actuation threshold; |
if the pixel total exceeds the key actuation threshold for a- given
keystroke region in a given frame and in the previous frame the pixel total did not
20 exceed the key actuation threshold for that keystroke region, providing a key actuation
output; and - -
if the pixel total does not exceed the key actuation threshold for a given
keystroke region in a given frame and in the previous frame the pixel total did exceed
the key actuétion threshold for that keystroke region, providing a key deactuation
25  output.
48, A daté input device according to claim 47 and wherein said determining
whether that pixel lies within a predefined keystroke region is made by employing a
pixel index table- which indicates for each pixel, whether that pixel lies within a

30  predetermined keystroke region and, if so, within which keystroke region it lies.

49, A data input device according to either of claims 47 and 48 and wherein
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52 WD 02/ 054169 PCT/ 1L01/01082 45. A data input device according to any of
the preceding clains and wherein said data entry processor is operative to
map | ocatwonxoamsdsai d t wo- di mensi onal i mage sensor to dapar/@minyos2
functions. 5 46. A data input device according to claim45 and wherein said
data entry processor is operative to map received light intensity at said
| ocati ons on said two-dinensional inage sensor to said data entry

f unct i orwth di7saiddetamzningptaps depleyesaad pxedindex tableany of the precedi ng cl ai ns
and 10 wherein said data entry processor conprises the follow ng
functionality: as each pixel value is acquired, determning, using the

pi xel cogrdi nat es, A dahehperdebtatachirdBlg thia@§ oiclaith 42 —poegalimesn kepst r oke
region; acquiring pixel values for various pixel coordinates; adding or
subtr acmmg tetab s pkédingdhfuesaeh keysttakerregiopiir el keysokd regeinmnecghmatrtor15 f or
eachssa%%ﬂkeystroke regi on based on determ ning a pixel function of each

pi xel; oﬁparing said pixel total for each said keystroke region with a
current key actuation threshold; if the pixel total exceeds the key
actuation threshold for a given keystroke region in a given franme and in
the previlous franeAdst ippiedevicsragrording tagny ofglagme déd Yrradiiereiasaidt i on

t hr eshol . t,key regi roviding a key actuation output; and
if the ﬁg§éﬁkpgggwk9§é§&&g%&%¥%gggqFﬁ§“ﬁ§§ﬁ%%tuation threshold for a given
keystroke region in a given frame and in the previous frame the pixel total
did exceed the key actuation threshold for that keystroke region,

pr ovi%di n-a key de/gcd%tm@ﬁ dexipeo aeqerding 48. clamy 3t aandhplge @awrs@gat®or di ng

to cl ai {:n,.said determining whether that pixel lies within a
predefiﬁ%ﬁgwgggyﬁgggﬁkgbion is made by enploying a pixel index table-

whi ch i ndi cat es f asnceathopiteepixelatietadhfame have peatebrdcessd, widtdrininiag aa0
predet er m neg keystroke r\efqi on and, jf so, within which keystroke region.it
lies. 49idalegdeckeram leyehiPeaitg®ieoi™i ng to either of clainms 47 and 48 and

wherein 53 WO 02/ &@M%nggﬁ&yag&{aggyg 8feshold for said keystroke region threshold

15  table by subtracting the updated background level from a predetermined threshold Ievel

which is established for each keystroke region. -

53. A data input device according to any of the preceding claims 47 — 52 and
wherein said pixel function comprises adding the pixel values of a plurality of pixels in

20 said keystroke region.

54. - . -A data input device according to any of the preceding claims 47 — 52 and -
wherein said pixel function comprises adding the pixel values of said plurality of pixels
in said keystroke region and suBtracting therefrom pixel values of a plurality of pixels in
25 akeystroke region border outside said keystroke region.
55. A data input device according to any of the preceding claims 47 — 52 and
* wherein said pixel function comprises adding the pixel values of said plurality of pixels
in said keystroke region, ignoring the pixel values of a plurality. of pixels in a first
30 keystroke region border outside said keystroke region and subtracting pixel values of a
plurality of pixels in a second keystroke region border, outside said first keystroke

region border.
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both of said determining steps enploy said pixel index table. 50. A data

i nput device according to any of clains 47 - 49 and wherein said pixel
total iswebnozieed for each keystroke region in a keystrPEEILGHILE2

accunul ator 5 table. 51. A data input device according to any of clainms 47
- 50 and wherein said conparing enploys a keystroke region threshold
table. 10 52. A data input device according to claim51 and al so conprising
the following functionality: once all of the pixels in a frane have been
processed, deternmining an updated background level for a frame; and

det er ni nitag a key /éctlatatm@ﬁ fleiriess Betardingr tos amy qfet}lgtmrék@lmegﬂ@mtmdeshm d
15 table b t [ oun " t efm ned

t hreshol d %@e ﬁgtép&* ﬁ§§§1§8§ 9>§§C g;ﬁ% é gﬂkédQEQQ@ ! A data
i nput demme/aaecofptketg it saidmyo-dimédstoral eegdisagoe! ai ns 47 - 52 and wherein
sai d plxel function conprises adding the pi xel values of a plurality of

pi xel’s in 20 said keystroke region. -A data i nput device according to
any of the precedi Qgq a i fﬁ% t
conpri ses adding the %%xg %Vdcees é&&ﬁﬂg a |tt?l3g/ Igrfegé Icwl%lgnérg{al d

keyst r okehereigisai chtmhrﬁnymroaassommﬁmesethe cﬁasthwmglfuncabnlﬁsynf a plurality of
pi xels in 25 a ke stroke eqi on borde outS|de sajd eystroke re ion. b5b5.
A data input devi e&EIEBtXG KYUE & AP FWémB‘t‘%é‘atnﬁ epaﬁe 0y m@ %82 and

wher i n Rk hiighd HECHEAR FOURIRRS.ANLBG0t he pixel val ues of said

plurality o p|x I n sal eystroke regro i gnoring the pixel values of
a plldrality of pi xelsiring mxdlwa]seSﬂﬁvkﬂmstplmi&ooﬂgtm bor der outsi de said

keystroke region d subtr in ] ue pI urality of pixels in
a second keyst roke({]qteéat“?a‘ﬁggt?r &egtepeﬁ%re‘r% o %IP‘FXF WUsseyst roke  region
border. 54 WO 02/ 054169 PCT/1L01/01082 56. A data input device accordlng
to any of the preceding clainms and wherein said data entry processor is
operati vE.t o det erdvidat tpet doewst coofingadaity 57 ahd vdiexgh dewrmesngthoi xel s
in sadtw-d nsi gnal |na%. sensor. 5
centero gravity” 1s achiev
15 ‘ multiplying said pixel values by X and Y values representing the
geographic position of each pixel;
summing the results along mutually perpendicular axes X and Y;
summing the total of the pixel values for all relevant pixels for said
active region; and
20 dividing said summed results by said total of said pixel values to
determine the X and Y coordinates of the “center of gravity”, which represents a desired

engagement location.

59. A data input device according to either of claims 57 and 58 and wherein

25 said pixel values are thresholded prior to summing thereof.

60. A data input device according to claim 32 and wherein said non-uniform

intensity distribution varies over time.

30 6l. A data input device according to claim 60 and wherein said
two-dimensional sensor is operative to view different imaging fields at different times

and wherein operation of said illuminator is correlated with operation of said
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57. A data input device according to any of the preceding clains and
wherein said data entry processor conprises the follow ng functionality: as
each pi xevovabuesds s acqui red, determ ning, using the pixebPCToanmiosat es,

whet her that pixel lies within a predefined active region; 10 acquiring

pi xel values for various pixel coordinates; determning the "center of
gravity" of the pixel values. 58. A data input device according to claimb57

and wher giodigehsioRilnimged Rensor,C &/HefbyOthed im¥hdity” of Sligf hpvaskddyy e
mul tipl y| ng said pixel values by X and Y val ues representing the

geogr aphillsmpeasen i ercof inesyhclppiiartions umith nen timegings ficld kicaiien mit vaid y

per pendi cul summ ng the total of the pixel values for all
rel evant%l %é]e%@ﬁa ?éjse 3% ve regi on; and 20 dividing said sunmed

results by sai d total of said pixel vaI ues to determne the X and Y
coordi nates of the "cent er of gravity whi ch represents a desjred

engagemett | ocat i oft.datgnpy QTé(tCS aF?ﬂS@t‘tngd‘éQ]iaé’é 64 @ae Mdierrgn Phce theristane ¢l ai ns
57 and 5&.@84, }‘H& &Emeﬁ?ﬁoﬁé}' &nBir Id Yldesh %{‘% ﬁQEi%%{o‘ﬁeﬂc egr er herein

summi ng thereo ata i nput eV|ce acc ng to c alm

sai d nonmtmsrltyooﬁhghtwptce«néedby xhldsﬂhmbnmomcmasrases over time. 30 61. A dat a

i nput device according to claim60 and wherein said two-dinmensional sensor
is operative to view different imaging fields at different tines and

wher ei n eration gf I C { p of said
55 w0 02 054160 PCH T L0 e e e oF ot 1 T A 2eby the

i nt diffsi tgonyfrisingyveriaplecidtensitly Byive hlectmrhdswnhmhumoupwdl te saidnilleyieieroanidz at i on
with an jmagi.n ield cation ajd t di mrensi onal e enor.562.
A data i%58 t&’%ﬁl@énﬁe tdaﬁeﬁtj’r?%‘[ﬂi’é%’ﬁ%sf iEREEEP 1%@%@ ance

bet ween fagider db MRS RakyREAatiARd) tife tfﬁ%@ﬂ’ggﬁé}@ {dcgtish | &cakicon

increases, the intensSity of 't ght provided by s 'l um nator i ncreases.
63. A damwe- dimposioddvietestaaiccording to either of clains 61 and 62 and al so

15 64. A data input device according to any of the preceding claims and also
comprising a digital signature generator receiving an input from said data entry
processor including intensity, position and timing outputs and employs said outputs to

provide a digital signature.

20 65. A data input device comprising:
| an illuminator operative to illuminate at least one engagement surface;
~ a two-dimensional imaging sensor viewing said at least one engagement
surface from a location outside said at least one engagement surface for sensing
engagement of a.data entry object with said at least one engagement surface; and
25 a data entry processor receiving an output from said two-dimensional
imaging sensor and providing a data entry input té utilization circuitry, said data entry

processor employing shadow analysis.

66. A data input device according to claim 65 and wherein:
30 said illuminator comprises a non-point light source; and
said data entry proéessor employs a shadow density analyzer to

determine the sharpness of edges a shadow defined by said non-point light source and
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10 conprising variable. intensity drive electronics which is coupled to
said illumnator and to said two-di nensional detector and which causes the
i nt ensi t woh2/034gé9t produced by the illumnator to vary iPRCBYIalI@Ri zati on
to the imaging field |ocation of said two-dinensional detector. 15 64. A
data input device according to any of the preceding clains and al so
conprising a digital signature generator receiving an input fromsaid data
entry paoceéssantrynadjedi org saidt & nsadt yone pogagdroent asudfate, vinigh dodipaies thend

enpl oys sai d aqut u%s to royide a djgital si ?ature. 20 65. A data input
devi ce JOAPPISPhYLE %ﬂa‘ialepﬁﬁﬁ HEHIO rﬁﬁ"@%nf‘g §€i uminate at |east one

engagenent surface; a two-di nensional inmaging sensor viewi ng said at |east
one engagenent surface froma location outside said at |east one
engagement surf aceA et ispuisienige acengaigerie nlrin S andathgremt ry obj ect with said

at | east one engagenent surface; and Zfﬁéitgg)ﬁiggntrécegro essor receiving an
il

out pdt from said tiits: HHEREPLIPRIPTISCHA £ iding a data entry

input to utilizatiQm ehfaCliithy YrocksHod daligy£at MdoRr QRESENe afBlyoy fg shadow
anal ysis. 66. A data input device according to claim®65 and wherein: 30
sai d i | |detdraneo thec oxtprt € soalestsncpoif rrhadowhdeEnest by, sahdlwalily efadighent ry

processor_enpl o a shadqw densi t nalyzer to 1.ne_the. ess of
edges a S@H&%@&P%g?ﬁan@élgrybfm %Cgi‘)& Sﬁbdyng-*th?sﬁ%é“? ieﬁé.atgeén%ﬁ{r g‘[erﬂacﬁ’d‘”ﬁ‘gg “\%@9%%]054169
PCT/ 1L0 J{h\@ﬂﬁ%?nqu&@!o@twaaa eftty ybjebyte chidProjs@idch Aakfateast one engagenent

surface, ich indicates the propinquity of the data entry object to said
projlécti on surface. 67. A data input device according to clai m65 and

wherei n: 5 said i ')\‘aﬂaﬂﬁ%&{ de%ﬁ;@%%&osrﬁﬁaﬁataah Lt .etéXe&fdirléj cgim‘qs%@li,-r@’ﬁérid and
said data’'entry processor enploys a sttadow coal escence anal yzer to
det er m nehdrbi@ saxit & erafy proatRscemygrisef ttelfaldovisgdefidtivadlilyy said plurality of

| ight sources and data entry object on said, at | east one engagenent
surface, which i ndiscsfchixel Héluﬁﬁ%ﬁ‘i%éfﬁ‘#:tcfﬁt"dml@ﬁ% W the i Cg?fﬁ@@{esto sai d

B; gjc gg} L\%ﬂﬁéﬁﬁ%{ ti&%@gelﬁ?eg%%}ﬁiﬁ édﬁle@eﬁﬁ}ﬁ%eygt?éﬁecr%g%ﬁcﬁﬁ%i@kﬂntﬁecﬁﬁﬁe@iefi he
15 and right keystroke subregions therewithin;
acquiring pixel values for various pixel coordinates;
obtaining the derivative of each pixel value along an X axis; .
summing said derivatives for each said subregion;
subtracting the summed derivatives for the two subregions in each
20  keystroke region, one from the other to provide a difference;
comparing said difference with a current key actuation threshold,
if the difference exceeds the key actuation threshold for a given
keystroke region in a given frame and in the previous frame the pixel total did not
exceed the key actuation threshold for that keystroke region, providing a key actuation
25  output; and
| if the difference does not exceed the .key actuation threshold for a given
keystroke region in a given frame and in the previous frame the pixel total did exceed
the key actuation threshold for that keystroke region, providing a key deactuation

output,

69. A data input device according to claim 68 and wherein said determining

employs a pixel index table which indicates for each pixel, whether that pixel lies within
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wherein said data entry processor conprises the following functionality: as
each pixel value is acquired, determ ning, using the pixel coordinates,
whet her twabv2/pi4x@ |ies within a predefined keystroke regbPOnIan@dieset hi n
predefined left 1,5 and right keystroke subregions therew thin; acquiring
pi xel values for various pixel coordinates; obtaining the derivative of
each pi xel value along an X axis; summng said derivatives for each said
subr egi oaprelaimaet ikegstidie sgiohRdd desbyaithirewhicarkeyeolewegiuisagéipas in
each 20 keystroke region, one fromthe other to provide a difference;
conpar i nY!8E; Yhigh Kexsieke abipgian 1tdicgur rent key actuation threshold; if the
di fference exceeds the key actuation threshold for a given keystroke
region in a given frame and in the previous frame the pixel total did not
exceed the key act Aatatomptihdeyidecdcdoian tbhathek ef/Shinokés aegéDmd whereirdi ng a
key tuation 25 output; .and_ if the difference, does not exceed the key
actuat i o?‘?”a RPES FYRG St F‘méal@q%v@ﬁ ea@é?f@i’ﬂﬂk@ FIEFRZHNL 1ha &eystirks SubEsEomnd i n
the previQusufddeythe pixel total did exceed the key actuation threshold
for that keystroke region, providing a key deactuation output. 30 69. A
data input device according to' claim68 and wherein said determning

enpl oys pi xel index: table which indicates for each pixel, whether_ that

pi xel |iZE Wi t hi n gﬁtWB‘fﬁt‘w&fG@m /’fw@?{/ﬂéf&ws 68 ~pfledet Bherewewid
keyst r okgyh@Bin@ endls 4 e b{3h A stroke region as well as

w thin mhiéﬁgkgystroﬁgi%ﬁﬁgggﬁﬁgﬁ?t Iié§$u§§¥ A data input device according
to el her of clains 68 and 69 and wherein 5 said.pixel total is maintained
for each,keystroke,sybregion.in a keystroke subregion accunul.ator table.
7 Adaln mpur - abviee HelDatneg £ St B <8 afinecre 58 Maifnandn oai o
conpar i nghesil @Y@sﬁsakﬁé:’rfgtag@h@qtﬁ:%b eNadsbeine A ith 4 ﬁ\hg-eewﬂ @ay Zn a fetdafed - | PPUL

devi ce according to any of the preceding clains an

73. A data input device according to claim 72 and wherein said pull-down -

15  tray defines an engagement surface which is configured by projection.

74. A data input device according to any of the preceding claims 1 - 71 and

wherein at least said two-dimensional detector and illuminator are associated with a

camera.

20
75. A data input device according to any of the preceding claims 1 - 71 and
wherein at least said two-dimensional detector and illuminator are associated with a “
home entertainment system.

25 76, A data input device according to claim 75 and wherein said engagement
plane overlies a television screen forming part of said home entertainment system.
77. A data input device according to any of the preceding claims 1 - 71 and
wherein at least said engagement plane is associated with a table.

30

78. A data input device according to any of the preceding claims 1 - 71 and

wherein at least said engagement plane is associated with a remote control device.
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wherein at | east said engagenent plane is associated with a pull-down tray
in a vehicle. 73. A data input device according to claim72 and wherein
sai d pul Iwadomes41b5 tray defines an engagenent surface whi POTAID1O0082I gur ed
by projection. 74. A data input device according to any of the preceding
claims 1 - 71 and wherein at |east said two-di nensi onal detector and
illum nator are associated wwth a canera. 20 75. A data input device
according to any of the preceding clains 1 - 71 and wherein at |east said
t wo- di mensi onal detector and illum nator are agsociated wth a__hone

entertai firent  syst fateigpy .eVNeoa&P%rdi”?’ﬁo@tarﬂeQﬁt %P%E@P%Fﬁﬁnibﬂllé}% 75 and
wher ei n @Hér@inea[ﬂgé’a,@?%&”en%%eﬁ{&ﬁt PMEE 'iéAﬁgat@dtvﬂh%”a%ﬁct@&b%@ulﬁ%rrﬁh@& part of

sai d honme entertal nnent stem” /7. ata 1 nput I ce according to any of
t he precadimgmehtains 1 - 71 and wherein at |east said engagenent plane is
associ ated with a table. 30 78. A data input device according to any of the
preceding clains 1 - 71 and wherein at |east said engagenent plane is

associ atgd with a £eRbligpeoMi@l acdsMifero aﬁg %9&&5&%@%&@4 191431082
79. A data input device according to any of the preceding clains 1 - 71 and
wher ei n dkerpipagit legsi @i aggagement pinarie losat¢dwdthed aniindistriad enegomnetted

particul ate. matter enviro nt.. 80. A data input device according to any
of the plfr}gggag)ﬁ%é)r@logp@tlfn&q(?;ﬁ%q{a. wherein at | east said engagenent plane
is located within an industrial environnment unsuitable for a conventi onal

keyboard. 10 81. ‘A data input device according to any of the preceding
clail®s 18k 71 and Awatrispwt davideeagsording i@ anyeidherpresedingtlaitat bet7drandnd

acor i R BTy Cor oo b Srisage fae BROURE G o SR G| caet °°

sai d twovidédmofdcpal detector and illumnator are associated with a
restaurant patron interface system

82. . A data input device according to any of the preceding claims 1 - 71 and
I5  wherein at least said two-dimensional detector and illuminator are associated with a

restaurant patron interface system.

83. A data input device according to any of the preceding claims 1 - 71 and

wherein at least said two-dimensional detector and illuminator are associated with a

20 mobile audio player.

84. ~ A data input device according to any of the preceding claims 1 - 71 and
wherein at least said two-dimensional detector and illuminator provide touch screen
functionality.

25 .

83. A data input device according to claim 84 and wherein said touch screen

functionality employs a video display screen.

86. A data input device according to any of the preceding claims 1 - 71 and
30 wherein at least said two-dimensional detector and illuminator -provide access control

functionality.
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83. A data input device according to any of the preceding clains 1 - 71 and
wherein at | east said two-di nensional detector and illum nator are

associ at adow/of31@ 20 nobile audio player. 84. A data i npRCT/HaMi0CEs2
according to any of the preceding clains 1 - 71 and wherein at |east said
t wo- di nensi onal detector and illum nator provide touch screen
functionality. 25 85, A data_input device according to claim84 and wherein
sai d toddh screen fAp iRBhAGviGE BSROFEYS 18 %‘iyd@g tg?s%?%ﬁ”&’cﬂé‘&ﬂ? 98’% A dat a

i nput dey, L e N ' - 71 and 30
wher ei n%@egﬁggg%%gg%@%{l ggﬁe%éﬁiap%%aﬁspﬁzﬁggwg agna%lei Iaﬂdrﬁ nat or provide
access control functionality. 59 WO 02/ 054169 PCT/1L01/01082 87. A data

i nput devi ce according to any, of the preceding clai and. wherein at |east
sai d engdgenent pl/afdt; 1§p‘§sd§8l§i3é€%‘ﬁgwgttﬁ ¢ ”@af%ea%’o‘éf greingggid g\araﬁﬁaa’idnput

devi ge ARRALAhoburfil Rl Mrkte m@hmhgg&ea%iyg}rge&forpoard 5 defines an

engagenent sur e Ich is configured by projection. 89. A data input
device according. to any of the preceding clainms and wherein at |east said
engagenent plane is rument.. 10,90. A data

iated.with a.. ical i
i nput deVice accor i%}sﬁﬁﬁ‘% %VMV%@CQ&%@@'S%E%%'OEZ@& s ing 4IRS Flient

defines g ENYARGIRAI Sihd et Yne ks 4sSoGaBd mraqgumamﬁs@ﬂuacehton. 91. A data

i nput device according to any of the preceding clains 1 - 71 and wherein
at | east said two-dinensional detector and illum nator provide vehicle 15

tel ematics functi ity. 92. A data.input devige di.ng_t.0 claim 91 and
wherd n G " Veni o dieitybineh evieh EhGaiih e PRelt Heri R CnfeRell o by
proj ect i;Q&rymdht A3fined s@hgadrint stk GhidLE Qbﬁ‘fég\ﬁecl By dffedont he precedi ng

1n
claine 1 - 71 and wherern at | east said two-di nensi onal detector and
illum nator provide automatic vending user interface functionality. 94. An

angl e-conpensated [nterference filter conprisi a pl.ural of -t hi 25
films, each -being %fdta%olﬂpﬁtnﬁ?efvbﬁgrﬁcf?ﬁ%%tgs ?f&ﬂ%&?"g‘%{‘%%%”‘%’%%e Qh%%)d;d
transpar®mdrein at least said two-dimensional detector and illuminator provide vehicle

15  telematics functionality.

92. A data input device according to claim 91 and wherein said vehicle

defines an engagement surface which is configured by projection.

20 93. - A data input device according to any of the preceding claims 1 - 71 and
wherein at least said two-dimensional detector and illuminator provide automatic

vending user interface functionality.

94. An angle-compensated interference filter comprising a plurality of thin
25  films, each being of non-uniform thickness, formed onto a dome shaped transparent
substrate having an axis of symmetry, wherein said plurality of thin films have a
thickness which is selected to vary such that the thickness of the plurality of thin films
traversed by light beams impinging onto a given point located along said axis of
ysymmetry is generally identical irrespective of the angular relationship between the light

30  beam and the axis of symmetry.

95. An angle-compensated interference filter according to claim 94 and
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substrate having an axis of symretry, wherein said plurality of thin filns
have a thickness which is selected to vary such that the thickness of the
pluralityweb2edsiey filnms traversed by |ight beans inpingi PQT/AMLO1@B2gi ven
point | ocated along said axis of symretry is generally identical
irrespective of the angular relationship between the light 30 beam and the
axis of symetry. 95. An angl e-conpensated interference filter according to
cl ai m 94wharein B WWohé 2lidifed kS skcditlshiBdirdid B8 nfipvedsuch gal dvaomishaped
transparent substrate is_confjgured such that evaporation_ of  filmmateri al
t her eont G Faiiral ihseeariooios sa @%Panﬁ@ﬁ%qdr%ﬁﬁegpwe wes s Phiakt9fithinof t hin,

films e bej = uni.f: al ess; whi.chid.s. 58l e such
that t hgﬁﬂ}shi@dg Egbeéglfég g r}%o'ﬁl;ﬁ r% ur aﬁ%@g%f §,tﬁ Cwsf%%}éﬁge dt fr%)agée\r seghg%}xﬁﬁgéht beans
i Mpi ngi niyiceness of tigi plerelfy poihit fillmes aveetsal onfglsdiedmaxmpingfngsymoretgiven s

general ly.identical irrespective of the, angular, relati.onship be en the
i ght el iGN 1058 SSR1oey Mret PYogois STCANG) KECtiaRSRPE S ot o er ence
filter ageardidgidlnelRIMIINNSHEIAm Saikk SYABOGAHhaR,.i s performed in a
uni form manner.. 10 97. A data input nethod conpri'sing:” illumnating at

| east one engagenerit plane by directing light along said at |east one
engagene pl ane; enployi ng a two:dinensional i magi.ng-.sensor,for view ng
o at Phs"| net Shane o P i POCATRaN SRS e RaFl at

| east onRiENGPERIBALs RirfRGed 1108 uB€ASd Agnddrght fromsaid illum nation
scattered by engagenent of a data entry object wth said at |east one

engd§enent plane; and receiving and processing an output from said
t wo- di ma&si onal i Qad%' ng.sensor,and pr.oviding a data entry-input to
utilization circui tryjfa 1%6‘“ ?tg%\da%rp%gﬁl%ut met hod according to claim97 and

al so conprising projeciliuffinging! £ fastonR: Chedsdhlelt PRSI B Airdaing EBEY Y
matrix onto a projection surface wunderlying said at |east one engagenent
pl ane. 2ajonmsai atdaashone prgagrserigdagscor ding to cl ai m 98 and wherein said at

least one visually seng&lgllo%n%aét @voe-@i%e%sigﬁglriin‘fég%%fsjeﬂﬁﬁ £6 %g%&%%agd at
15  least one engagement plane from a location outside said at least one engagement plane
for sensing light from said illumination scattered by engagement of a data entry object
with said at least one engagement plane; and
receiving and processing an output from said two-dimensional

imaging sensor and providing a data entry input to utilization circuitry.

20
98. A data input method according to claim 97 and also comprising
projecting at least one visually sensible data entry matrix onto a‘projection surface
underlying said at least one engagement plane.

25 99, A data input method according to claim 98 and wherein said at least one

visually sensible data entry”matrix defines a keyboard.

100. A data input method according to any of the preceding claims 97 — 103
and wherein said illuminating employs an illuminator light source and a spatial light
30 modulation element operative to receive light from said illuminator light source and to

direct light.along said at least one engagement plane.
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100. A data input nethod according to any of the preceding clains 97 - 103
and wherein said illumnating enploys an illum nator |ight- source and a
spatial W@h2/0548® nodul ati on el enent operative to recei vePCT/g/ofiosom sai d
illumnator light source and to direct light. along said at |east one
engagenent plane. 61 WO 02/ 054169 PCT/1L01/01082 101. A data input nethod
according to any of the preceding clains 98 - 100 and wherein said

proj ect i g@j-enpl oy sAalatt bjpet msthodi agherdsnguiocanyarfdthe psgsadingl claimg®8 - b¥ul at i on

el enent | recei.ve lLight from.said.projector light urce and to
proj ect g@e@%ﬁ{&éﬁ@ \I?IFO %%Hnlgyerggfrz?g Pt é’f%l%\‘%af éﬂ%ﬁ‘fﬁo\"r@? r %’n?pﬁl 1%1 é’ﬁﬁ? ace

under | yi mgdsiatich alemebt bgastivefireesiga it RonP kAl §rojd8dr lidhidaduaed fUto Met hod
according to either of clains 100 and .101 and wherein said spatial |ight

nodul at i BRI et ore Nsbrlbesenaibly datp sey matibpeniod swsfaseranderlying sad at A dat a

i nputs e Q&%m@%&%{ ghlggtdglgneither of clainms 100 and 101 and wherein said
spatial light no |§I ation el ement conpri ses an aspheric optical elenent.

104. A data input nethod according to either of clainms 100 and 101 and
| i ght nodul ati on el enent. conprises_ a joined double

wher ei id spatial
Si gtraelt P uﬁ@lat ezpallsgr‘éf’dallﬁﬂg BpPe Accarigeter cithep =t daigst 506G @pditl Odetnsod

| ed _ 8 . NS g | t
compri seahiRintal i AR thobieneh tshRhlooRAketl aithdlle PR R, & ove o

the preceding clainms 97 - 105 and wherein said two-di nensional inmaging
sens C rises a,solid state imaging, sensor. 107. A data input mnethod
accordi ng(ﬂ?o any oft ‘%}t%lilﬂ%utg@ethoqf@c%a’él‘gvﬂ‘?e?@eﬁ O%Z@aléfb?i 00 apd 94

correl at RfersAi idoiphiMtlidht AIPdaRlG EMRER] (RARH 008 24 HBGL Bt tptM th said
at | east o?ne vi.Esdt}taIlbl l'y %sgfensi bl eldata gntry rnalstrf%i(?l ﬁ%%géa% gggﬁlelrll%mut met hod
according to any of clains 98 - 110 and wherein said projecting enploys a

di ff t] .opti I t ich receives light froma djod 0 laser via
aI colr?;:nlaqﬁ?ngpl Ie(r:é/k (%(Sg{g&ndﬁg O?ﬁﬁfﬁrSWﬁtWo@t}%E@grﬂi“ﬁ& l@d ity 13 and
wher ei n Wh@bin Rassjangl ligd QAR Mekhéht REHpLbA1d 10824 0uble side truncated

15 rod lens optical element.

103. A data input method according to claim 101 and wherein said spatial

light modulation element comprises a transparency.

20 106. A data input method according to any of the preceding claims 97 - 105
and wherein said two-dimensional imaging sensor comprises a solid state imaging
Sensor. -

107. ‘A data input method according to any of claims 98 — 110 and wherein

25 said processing correlates said output from said two-dimensional imaging sensor with

said at least one visually sensible data entry matrix.

108. A data input method according to any of claims 98 — 110 and wherein
said projecting employs a diffractive optical element which receives light from a diode

30 laser via a collimating lens.

109. A data input method according to claim 108 and wherein light passing
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through said diffractive optical element is reflected by a curved mrror
havi ng optical power via a lens onto said projection surface. 110. A data
i nput netwod2/esaeer ding to claim 109 and wherein said diffraraiou®1083 opti cal
el enent, said mrror and said lens are all integrally formed in a prism
111. -A data input nmethod according to any of clainms 98 - 113 and wherein
said projecting enploys an integrally forned beamsplitter and diffractive

opti cal thFd_L%H‘%@k@difﬂ&ﬁ%%pﬁ@&l@érﬁedt NP WfloRUNSda 366RH Ghitdr haviah dpicdill and
wherein said projecting a beamof light froma diode |aser passes through
a col | i netvanyid @less ante spidpirpigesoronirfaggwo nut ual |y angl ed surfaces of said
beam splitter, which breaks the beamof |light into two beans, each of

whi ch passes through a separate diffractive optical elenent and 15

i mpi ngesi@n sai d pAQaeChpaméadsd agerdidd & clAndA0R ahd pltretietdid diffaadredi ng to
claim111 or 112 and wherein said diffractive gptical elenents are

i nt egr al PRfichlpmeNtwiaihmEPRNgSsah legs are ald intpgrally frigghin 2@rismg. . A data

i nput nmethod according to any of clainms 98 - 117 and wherein said
projecting enploys a plurality of different diffractive optical elenents,
each of 1which typhcditd ihpookieasdonrdsrding @ diyf becieimis datrild adnihegsimation,
whi ch are sel ectably ositionable along a projection |ight path. 25 115. A
dat a i nptid rﬁé@ﬁ@iwgaé@@fwr@ tegiRly dprragdybggmosplitten pad difraghe cimicakai o
projectiggemeloys a diffractive optical elenent having a multiplicity of
diffraction orders selected to provide a matrix configuration which has a
rel atd vely | ow maxi mum diffraction angle. 30 116. A data i nput nethod

Sfl? fr Si;g Voot | caf GHeIRBH MHERT AGFOECRGIE PO Ol P am TR FSE TR ot s
trapezar arr s e G R RO Sl P Y fend Aens e o o
i nput netvoochuaatgrdiled stidacesyf edid beath rpli®d, whichOreakd tidhbeas nf liglai idto

projecting enploys a diffractive optical el ene havi ng .a ltiplicity of
di f fract mge'«sn%rea&b §9§é}1@bﬁv@ﬁe§ et rseRATe @Eﬁ%ﬁ{ﬁ&g’iﬂﬁlg@fie‘&?ﬁt B i ons
i nherent i Anth&nRRT 3b]e8RoPfurface. ' :

113. A data input method according to claim 111 or 112 and wherein said

diffractive op‘Eical elements are integrally formed with said beam splitter in a prism.

20 114, . A data input method according to any of claims 98 — 117 and wherein
said projecting employs a plurality of different diffractive optical elements, each of
which typically corresponds to a different matrix configuration, which are selectably

positionable along a projection light path.

25 11s. A data ‘input method according to any of claims 98 — 118 and wherein
said projecting employs a diffractive optical element having a multiplicity of diffraction
orders selected to provide a matrix configuration which has a relatively low maximum

diffraction angle.

30 116. A data input method according to any of claims 98 — 118 and wherein
said projecting employs a diffractive optical element having a multiplicity of diffraction

orders selected to provide a keyboard configuration which has a generally trapezoidal
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said diffractive optical element, particularly at high diffraction angl es.
118. A data input nethod according to any of clains 98 - 121 and wherein
sai d projvwabdregi@npl oys a- diffractive optical el enent haPCTVLE/01082
multiplicity of diffraction 10 orders selected to conpensate for
geonetrical distortions occasioned by a highly oblique angle of

projection. 119. A data input nmethod according to any of clains 98 - 122
and wher@nfiginatiosai d projecting light froma pair of point |ight sources is
conbi ned by beam conbiner, 15 such that two |ight beans energe from said

beam conbi ner and appear to originate in a single virtual |ight source
positio behi nd gaj i ; datgihoprt hRdxaserrding to
claim 12§qand V\heréfdr?gasgﬁgg%g@ &%gglrlr%gz%a%@tﬁrrc%b%ﬂga shadow nask onto

sai d pr ajagCprofeetisg emabeys a2lffracti¥@ dptidhl diztreent hputg aeduhgdicity odddimgtidro ¢l ai m
98 and wherein sai.d projectin enpl oys .an array.qf light emttin | enent s
and i crORBRSESCied 39 CORMEITUS Trrpko RN Fb A LRGN AT T4 118 PReASony

wher ei n 9 @ kd GRE opRoal @Bntdnt MArREFB i & ﬁfﬂr%oﬁ'aﬁ\i\%’l@é.' y controllable.

123. A data input nethod according to claim98 and erein said projecting
enpl oys a nonolithi.c pattern of LEDs fornmed on a unitary substrate. 30 124.

A data i ut netho cording.to an f the precedi ngoclai.ns 97,- 127 and
wherein @%I d two- dlgﬁ%ﬁasi%HiF%tfﬁPéig?%é“@%i%anﬁF%BB? g% _oﬂjlt?f]éi %VB%"SE} te side
of a t ranspafeithg eM ﬁg@wffra%u%a Scdl ERMeBRh& i ahﬂﬂﬁﬁlic@t@%f@ifﬁ@mnt

pl ane, whereby the 4 WD 02/ 054169 PCT/1L01/01082 presence of said data

ent rly) objrders sefecsasi ¢ anipsasate doe gengabisak Wistptiane oseasinasd | hyglat hightom sai d
illum natbr to be scattered and to pass through said transparent engagenent
surface %0945 eBip%Pé‘iC‘@@Ped by said two-dinensional inmaging sensor. 5 125.
A data input nethod according to any of the preceding clainms 97 - 128 and
wherein a transparent engagenment surface is coextensive with said at |east
one engkdenent. pl Arsta inhut @bipod gaetiiling tesgugé plerns B8 —d37 and atgrednin y

obj ect w sai tr r . f l.j.aht sai d

1 i natest pRffine SEAF PEALE DL FEHR TR sk o SRS By e oo

engaige medich shit e ¢ighobamnst dndige Geireali@beddy cobiher 4l dppeardioreigiiacenial a | magi ng
sensor. 4
single virtual light source positioned behind said beam combiner.

120. A data input method according to claim 119 and wherein said light

beams pass through a shadow mask onto said projection surface.

121. A data input method according to claim 98 and wherein said projecting

employs an array of light emitting elements and microlenses.

122. A data input method according to claim 121 and wherein said light

25  emitting elements are individually controllable.

123. A data input method according to claim 98 and wherein said projecting

employs a monolithic pattern of LEDs formed on a unitary substrate.

30 124 A data input method according to any of the preceding claims 97 — 127
and wherein said two-dimensional imaging sensor is located on the opposite side of a

transparent engagement surface from said at least one engagement plane, whereby the
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126. A data input nmethod according to claim 125 and wherein said
transparent engagenent surface exhibits total internal reflection of a

pl anar bew@owés4héogght emtted by an illum nator and coupl pdTAi®1amsedge of
sai d transparent engagenent surface, whereby 15 touchi ng engagenent of said
data entry object with said transparent engagenent surface causes |ight
fromsaid illumnator to be scattered due to frustrated total internal

el ) ot ] BRent 2t SAutlahRp bl TPLIO AF SRLALAD oh By B OLighl B e a8l N0

clainse 97 - 130 0 and re n: sard i m nat i um nati on
general | grommauijg]mrrsﬁ'ﬁor thelyr smsipredratdsaipdsd t&@eughnmits transplardnieggapgneensor

Vi ews gene ally throu 0 de ree 25 128. A data i nput nethod according
to any of" %?Seteé’&d%&‘:@ﬁg%yr?@ E@imoa dm\ﬂ/ﬁ’é’BéF’hSC’éal d illumnating

provi des a non uniformintensity d| stribution. 129. A data input nethod
according to claim 128 and wherein at least a 30 portion of said

non- uni f 6¥m i nt ensAt@ﬁtadinsmrlinbtthﬁ(ancqrdmitdeastyglfehd: precedingpkiihy 94t— {2&at er
il lum nati 02/ 054 /11L01/ 01082 0..A data input

et hod Ko MIER £ st PRasgretourag o arnecse. wikgaiQtars gt
conpri si &gagensitNGareh th%%?dto\ﬁéﬁlﬂg Whi£neat df @ﬁﬁada@a[‘EﬁtYy %Bj RBf iPgigaches
said engagenent pl ane 31. A data 1 nput nethod according to claim 130

and wher &spargal @gagqmﬁﬁt ﬁ@zﬁaq@gauwﬂlrghg Bromesaps] dimupgatart tol Imwatterrad end émd
second e h f| c_l.I1 m nat or s erative, at east. first and
second d %'{egrhg&ﬁ%% \S/\?zve Effrﬁm Sn‘%ﬁ TR tsuﬁgcel |S%h?s i ol??g dgiecﬁe a@f Srallci st and
secoid nmﬁdsl@hleyls@ﬂﬂqﬁﬁgmg@@&Qbfyl ng engagenent .pl anes; and 10 said

t wo- di nensi onal i nmagi ng sensor senses light at said at |least first and

second different wavel engths, differentiates therebetween and provides an

output t pyal d * dakaenp bt BB 681 SRARFISARIPT25 ARPohe Bl ArbBknl™t O

according to clai
engagement surface exhibits total internal reflection of a planar beam of light emitted by

an illuminator and coupled to an edge of said transparent engagement surface, whereby
15 touching engagement of said data entry object with said transparént engagement surface
causes light from said illuminator to be scattered due to frustrated total internal
reflection. |
127. A data input method according to any of the preceding claims 97 — 130
20 and wherein:
said illuminating provides illumination generally through 360
degrees; and oo
said two-dimensional imaging sensor views generally through
360 degrees.
25
128. A data input method according to any of the preceding claims 97 — 131

and wherein said i‘Iluminating provides a non-uniform intensity distribution.
129. A data input method according to claim 128 and wherein at least a

30  portion of said non-uniform intensity distribution provides greater intensity at greater

illumination angles.
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15 said. illum nating conprises enploying at |east first and second

illum nators operative at the sanme wavel ength and directing light al ong at

| east fi medoaosdi69second nutual |y spaced, overlying engager€mLploarses; and
said data entry object speed sensor is responsive to changes in the
intensity of light sensed by said two-di nensional inmaging sensor for
providing an 20 output indication of said speed. 133. A data input nethod
accordi nggot o any- Afdathieppr eegdidngeatinigte a8¥ of tHdprecaiiv viaise)h-sasd
illumnating directs light, which is emtted froma paint source through a

| arge soAMAGIRfPrBrising:ssnsng theesppedivith Which seikdasaesBachiest PEPAAHSS 4i8ng sai d
engagene said beam having a relatively narrow spread in a
directi o%%ﬁé?ﬁ%%ﬁgﬁgﬁ ar to said engagenent plane. 134. A data input method
according to claim 133 and wherein said illumnating conprises: 30
emtting light froma point |jght source through enerally

sem ~hem Ypheri cal A\%Fadﬁ’éutdé?fk‘éﬁl é‘ifoéfg%fo Haigy {5 Bxi s; reflecting,

said light emtted by sgjdipghibihd g%glﬁ%gregr?qlw'iﬁgla@'ﬂeas@ﬁrs%@éé&ﬁﬁlfsg

PCT/ 1L01/ 01082 aspheric retflector-to Ime”lying 1n sald engagenent
pl ane andaeldrgtidispecifiperl meridatorsl aperbidves ait datpteapiadiadti anl arcmd difaedspheric
reflector r flgg}&:tinf?éjrii%ht from differentstel evations so that the reflected
light frWaYedenedhsyprd etisnting Bhht 3t 2hdeast dst ppd srPrdamitiaiieseaced £ f eri ng

| ocat i on§ve§1g§{ge%lggg@ﬁer@§gn§s;raggI ecting said |ight passing through said |ine
at various elevation angles with a twisted elongate nmirror arranged al ong

sai dd i ne, as a plshiwd-Henersoanl imelgingsehsarsensas lightpl agié at lehdt dhstpindne
extends thro sald |i,ne and.travers a slit in the . aspheric reflector.
70 195 RoUR B gkt ent P S SRS e Pftkn a8 Rd-SRERE Y e Rl
aspheri c@dta efitf bigj6dt@peioRMsdrses strips of a spherical mrror whose centers

are offset fromeach other along an axis lying in said engagenent pl ane
and extendi ng perpendicular to said propagation.axis. 15 136. A data input

oo di mordr onal 1 ragenySurbifoRERERTLED QLIS Bhotgidivarea oo " =T
15 said. illuminating comprises employing at least first and second
illuminators operative at the same wavelength and directing light along at least first and
second mutually spaced, overlying engagement planes; and |
said data entry object speed sensor is responsive to changes in the
intensity of light sensed by said two-dimensional imaging sensor for providing an

20  output indication of said speed.

133. . A data input method according to any-of the preceding claims 97 — 136
and wherein said illuminéting directs light, which is emitted from a point source through
a large solid angle, into a flat radially directed beam extending along said engagement
25  plane, said beam having a relatively narrow spread in a direction perpendicular to said

engagement plane.

134. A data input method according to claim- 133 and wherein said
illuminating comprises:
30 emitting light from a point light source through a generally
semi-hemispherical volume centered about a propagation axis;
reﬂectingi said light emitted by said point light source with an

k
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interference filter. 137. A data input nethod according to claim 136 and
wherein said 20 angle-conpensated interference filter conprises a

pl uralityweb2edsey fil ms, each being of non-uniformthi ckprebsLotfoors2ed onto
a donme shaped transparent substrate having an axis of symetry. 138. A
data i nput nethod according to claim 137 and wherein said plurality of 25
thin filns have a thickness which is selected to vary such that the

thi cknesgyfit BlecR) Uiodlakdsy aoimé Nyt §f el néﬁldt CRYALARE! ti‘bl'aﬂe' i e&%’%ﬂﬁlg

|np|ng|ng onto a given point |oca along said axis of sy nnetr¥
gener al |perpedieintilacgb daid @sqqre\gatlme anfs, shid @pb@ricareﬂacwraneﬁmim pelsetre@en t he

| i ght be and 1 he.axis 9, o] cordlng
to cl ai Hf%p%n%ﬁ{?vgfos"ﬁ %’oﬂﬁ %g‘? r’i@é %%fg% ﬁ@m Pf”&rf%{g feer‘{réiE n@ Ig%sgdg at said
gi ven pochf&l h M1l Gie 9t B@tifie Sedabohd @BlealofgSAdd  t wo- di nensi onal i magi ng .

sensor. g\o 02/ 054169 PCT/1L01/ 01082 %40 A data input nmethod according

to ady of cI aims 138 - @ﬁscmambglélmSSI%IMOQ;Bhn?éu%h%MaﬂO%§1}§§?Té§m

substrate |s c9 ure t hat unlfor apor.at i f i al

Shor cont B ofth ol HGeT s ens il HERb T ENE BRI & Moptahdr BRI L S
5 filnms gmeh 1RINE phineNARIUNHIEQRY BRibhtisCkRRSE swidi [l drsl @ﬁleeietsa(:hht@nvlwy such
that the thlckness of the plurality of thin filnms traversed by Ilght beans

i mpi ngi nﬁjpbtmcdeﬁe@iWen point located along said axis ' of synmetry is
generally identical irrespective of the angular relationship between the
l'ight beam and the axis of symmretry. 10 141. A data input nethod according

to amy of3sthe precgdiaggnp6d @ktisd a%rd1n§4&cla&ﬁd3%ﬁd®vh¢relﬁaald apploceski ng i s
operative to map | ocations on said two-dinensional' i e sensor _to data
entry fuitdestoneompnpes siipgaf a sphsisel meteroHheRe CEREISTEC Pﬁn% eadh OhAY '
wherein r t i n sity at
sai d Ioc%?lll%ﬁg ag((r}]se gq{l S]Eéd eﬁg%ﬁ%eﬁ%lp‘l’a‘?ﬁenﬁ%ég@)gcgﬁgg p\ég%gg} Q%at%) aéagt ry
functi onpropdgh&onéxxdata i nput method according to any of the preceding
claims 97 - 146 and wherein said processing conprises the follow ng: 20 as
each pixel value is acquired, determ ning, using the pixel coordinates,

whetfier (At pioxel ol 485 it Hkﬂm‘ﬁ REGART BeRyKIHEE pRIESAIHS Hs 97 — 139
and wherein said two-dimensional imaging sensor comprises an angle-compensated

interference filter.

137. A data input method according to claim 136 and wherein said
20  angle-compensated interference filter comprises a plurality of thin films, each being of
non-uniform thickness, formed onto a dome shaped transparent substrate having an axis

of symmetry.

138. - - A data input method according to claim 137 and wherein said plurality of
25  thin films have a thickness which is selected to vary such that the thickness of the
plurality of thin films traversed by light beéms impinging onto a given point located
along said axis of symmetry is generally identical irrespective of the angular

relationship between the light beam and the axis of symmetry.

30 139. A data input method according to claim 138 and also comprising
employing an imaging lens located at said given point, which directs said light to said

two-dimensional imaging sensor.
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acquiring pixel values for various pixel coordinates; adding or subtracting
each pixel value to or froma pixel total nmaintained for each said

keyst r okavo eydaamedbased on determ ning a pi xel function of penan1/028B2pi xel
conparing said pixel total for each said keystroke region with a current
key actuation threshold; if the pixel total exceeds the key actuation
threshold for a given keystroke region in a given frame and in the
previous frame the pixel total did not 30 exceed the key actuation
threshold for that keystroke region, providing a key actuation output; and
if the pi4kl total Adbésinpot metodedctrdmekteangctficdtimon 38k Eshaiddwhereimm 68 WO

02/ 054169. PCT/ 1L.01/ Q1082  qi keyst ion.in a.qi f d i
Che pr eviSLEOTT SRPEHETSPEHe ST o (P GRicaation RALRE)SHt CUSRTTHITA Bt eshol d
for that filkenstdrRKgefRatPRomPd w&tliﬂma@edgtﬁyref@ﬁhﬁﬁbuaéés@ai_dgﬂaﬂguiy- ofthift4. A

data i nput nmethod according to claim 143 and erein sai eterm ni ng

whet Rer tilws egshxeding jof snap-yrhfonmathickedest whish lsespdaciaskto varyi ewchi aidlele by
enpl oyi ng. ixel, index.tabl.e i ch _indicates, for each.pixel. whether that
o el "1 1 BicknBlshiend RS 3P L n g Bl DS BN B oG R S G O

whi ch keysihtr RlegtefegoN shitl-adid @8 sydbheldbis derdadlly deptital MRLERAHIRCEOMEE NY t O
ei ther of clai m3_143l?gland 144 and wherei nfebot'h@of sai d determ ning steps
enpl oy s#ieylagsirdationshidebetveas tee lighigheam anddhaaxinplisymmetod according to any
of clainms 143 - 149 and wherein 15 said pixel total is maintained for each
keystroke region in a keystroke region accunulator table. 147. A data

i nputd metdiod accor didagh ipuanitholl tadiy td43y-of 1bd pagedinbelamnn 97 sal 4k
conpari ng errgl oys a keystroke region threshold table. 20 148, A data input
met hod a@¥oPdrIsY: 684 GITASSHHING 7S NPErakveE dO dBDIIEHipRP PRI BYQ-gigagional

image sensor to data entry functions.

142. A data input method according to claim 141 and wherein said processing
15  is operative to map received light intensity at said locations on said two-dimensional

image sensor to said data entry functions.

143. A data input method according to any of the preceding claims 97 — 146
and wherein said processing comprises the following:
20 ~as each pixel value is acquired, determining, using the pixel
coordinates, whether that pixel lies within a predefined keystroke region; |
'acquiring pixel values for various pixel coordinates;
adding or subtracting each pixel value to or from a pixel total
maintained for each said keystroke region based on determining a pixel function of each
25  pixel,
. comparing said pixel total for each said keystroke fegion with a
current key actuation threshold;
if the pixel total exceeds the key actuation threshold for a given
keystroke region in a given frame and in the previous frame the pixel total did not
30 exceed the key actuation threshold for that keystroke region, providing a key actuation
output; and

if the pixel total does not exceed the key actuation threshold for a
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once all of the pixels in a frame have been processed, determning an
updat ed background | evel for a frane; and 25 determ ning a key actuation
t hr eshol avé or/0aé9d keystroke region threshold table by spOrEaiesy the
updat ed background level froma predetermined threshold Ievel which is
est abli shed for each keystroke region. 149. A data input nethod according
to any of the preceding clains 143 - 152 30 and wherein said pixel

functiong; ' i ' : Pl ' ' in

ol d keyairoRe Toke MO LH (D) BER B S bs T Bh kR B B 81 ol
nmet hod aocesdithg ey angpatién ttheesholdcfati tigit ckeyistreke 48gion1l pRoviding whkeyei n sai d
pi xel fupction conprises adding the pixel values of said plurality of

pi xel s i a@&@ﬁ”k@ﬁg?ﬁoke regi on and subtracting therefrom pi xel val ues of a
plurality of pixels in a keystroke region border outside said keystroke
region. 5 151. A data input nmethod according to any of the preceding clains
143 -5 15M4. and wheAeidatas anmht pineglodf apetridiog tmngzins ekst3addid nyhedee Eaidcel

val ues of sai.d plurality of. pi.xels.in said_.keystroke region, ignharing the
oo vt st bet e L yapel s prater LRt R Pl s s Phor der
out si de &apldyieysbiekendeRah®IB vAHleh SMRéARCE AP ipk, WRAHESthaf piRellRes
plurality of pixels in a second keystroke regi on border, outside said first
keyst r ok@ithinggpredeisonied keyspokeAedmnaanidn pluso, rieitiio dvkiel Sevkitiodie regignyit-of t he
precediquclains 97 - 155 and wherein said processing is operative to
determ ne“the "center of gravity" of pixel 15 values of pixels in said

t wo-idi nensi onal i mage sensor. 153. A data input nethod according to any of
the preceding clainms 97 - 156 and wherein said processing conprises the
fol | owi nit>-as eachApilatelingyl methpd ageerdingety, cidesr e¥inglainmg 141 ghd g 4thendoi xel

20 coordj her, -pixel lies within.apr fined active region;
acquiri g‘éﬂ%%&:qm%\gﬂeuaé{d?%&%bh 'S(t)e gelror}p;o |Saé%%1€‘8]i 1%?)@%3?. determ ning the
"center of gravity" of the pixel values. 154. A data input nethod according

to claim 153 and wherein determning the 25 "center of gravity" is
achi eved!4dy: Adata input method according to any of claims 143 — 149 and wherein

15  said pixel total is maintained for each keystroke region in a keystroke region

accumulator table.

147. A data input method according to any of claims 143 — 150 and wherein
said comparing efnp}oys a keystroke region threshold table.

20 .
148. . A data input method according to claim 147 and also comprising the
following:

once all of the pixels in a frame have been processed, determining

an updated background level for a frame; and

25 determining a key actuation threshold for said keystroke region

threshold table by subtracting the updatea background level from a predetermined

threshold level which is established for each keystroke region.
149. A data input method according to any of the preceding claims 143 — 152

30  and wherein said pixel function comprises adding the pixel values of a plurality of

pixels in said keystroke region.
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mul tiplying said pixel values by X and Y val ues representing the

geogr aphi c position of each pixel; summng the results along nmutually

per pendi scvbarosmt@s X and Y; sunming the total of the pixepCTVMallwes2f or al
rel evant pixels for 30 said active region; and dividing said sunmed
results by said total of said pixel values to determne the X and Y
coordi nates of the "center of gravity", which represents a desired 70 WO

02/ 0541685PCT/ 1L01AQ1119181%FuterH&ﬁQ&H€d&d1h§’€@£ﬁ398f thd Precefind@AnisNRYL. 181 hod
according to either of clains 153 and 154 and wherein said pixel values

are thr e@r‘nlowu@dmpﬂaucbplmbﬁsmhm agmphies edflingghd Hécel Aalias af smﬁlpﬂurabwh@ﬂ

var s ofarSif R RearoIR ot Sl b AR g el O e R

wher ei n siakld in éQe}s%théﬁﬂﬁbd?ﬂ@'outsﬁ@ﬁﬂfkéy%tr@]l@eefe%Idnve to view di ffer ent
imaging fields at different tines d whérein operation of said

illufnator is. correlated with operatlon of said two-dinensional image

T Synthloni zati ontieran TosadH aeoRhe B ROLEERs Mok Bg a3 Bt onal

i mage seqngOwherdd shiBpix&l Hataon B@Hpnﬁtaﬂﬂﬂlg&ﬁ@pb@l REluk® of ki pldkbiftyasd
wherei n when the distance between the two-di nensional sensor and its the

i magi ng PiKeS & Fad keystinke regione ianesng thfevixelvahiss of 2 shurplityief Pprebvingdirsby sai d
1 um na@gfstlblgbc{eggﬁgﬁ)éd&%u@@e sdid Q@s@ok@pe%&oﬁﬁd]%tﬁ&?% ?i'x@lgvath?esedfti]er of

cl ai ns al so ri’sin
el ectlr onplamlinhio€ pixeds Groupdeechd Qey@ﬂoﬁe |rbg1umbme@; oaRille dabd $'1a$tCkeystroke
t wo- di mensj onal . det ect or anhd whi ch causes the intensity of light produced
by the IBIWRor to vary in synchronization to the i maging field
| ocation of said two-dinensional detector. 25 160. A data input nethod
according to any of the preceding clains 97 - 163

152. A data input method according to any of the preceding clalms 97 — 155

and wherein said processing is operative to determine the “center of gravity” of pixel

15 values of pixels in said two-dimensional image sensor.

153. A data input method according to any of the preceding claims 97 — 156
and wherein said processing comprises the following:
as each pixel value is acquired, determining, using the pixel
20 coordinates, whether that pixel lies within a predefined active region;
acquiring pixel values for various pixel coordinates;

determining the “center of gravity™ of the pixel values.

154. A data input method according to claim 153 and wherein determining the
25  “center of gravity” is achieved by:
multiplying said pixel values by X and Y values representing the
geographic position‘ of each pixel;
summing the results along mutually perpendicular axes X and Y;
summing the total of the pixel values for all relevant pixels for
30 said active region; and
| dividing said summed results by said total of said pixel values to

determine the X and Y coordinates of the “center of gravity”, which represents a desired
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and al so conprising a digital signature generator receiving an input from
said data entry processor including intensity, position and tim ng outputs
and enpl oyQ ozei4deoout puts to provide a digital signature.PGDIGDHI08A dat a

i nput nmethod conprising: illumnating at | east one engagenent surface; 71
WO 02/ 054169 PCT/1L01/01082 view ng said at | east one engagenent surface
with a two-di nensional inage sensor froma |ocation outside said at |east
one engagea®itent fdafigdce for sensing engagement of a data entry object with
said at | east one engagenent surface; and 5 processing an output from said
t wo- di nensi onal inmaging sensor and providing a data entry input to

utilizatiQn circuitr saj dat a,entry. processor | oyd,n hadow
anal ysi sl.sg_l62. A d%'?ltc%’;%’tall ﬁ%{g Iﬁ%ﬁﬂ%&c%&%@%dﬁona b Ogl %‘lu 51{;13 %r‘fgl\%eaﬁ%‘i n: 10
sai d i | Iwierélatshidpit) Wplies 8& threfidldeDpidr th is@iisotesef. and sai d processing

enpl oys a shadow density analyzer to determ ne the sharpness of edges a
shadéw defined by said non-point |ight source and said data entry object

on sai d gl least ofe gnopgelenlysur fACSe,Phichuindioat g5 the.progLaui ty of

the data enhtry obj'ec o 84 d projection ace.” 1 a’ 'nput

met hod apeaiiong ihenshadistribafioansiesheesiime said illum nating conprises a
plurality of |ight sources; and said processing enploys a shadow
coal escence analyzer to determ ne the extent of coal escence of shadows

defi ned said pluyralit [ rces d ,dat abj.ect on
said at 1Itg)é?ast one %nggéﬂaez%%g }snﬁglpgc%, \Rﬁ?ghﬁ)l ﬁ:ll catlgg Q?(ﬁg&'%%ggi rﬁ%ﬁ. ty of
t he 1dat awentimgnsibj= ctndod isapetagpvejoecibvadiffsrent acaying G4lds At defezent njpts et hod
according to any of the preceding clains 161 - 167 .and wherein. sajd data
entry. prag‘éeg‘g‘ﬁ’ie‘rb SR5FAT8s © g dﬁp@\mm: ipogelaede i parrabar (& isald

RO LA s 00t SR UM TSAARE by X
illuminator varies in synchronization with an imaging field location of said
two-dimensional image sensor.

15
158. A data input method according to claim 157 and wherein when the
distance between the two-dimensional sensor and its the imaging field location

increases, the intensity of light provided by said illuminator increases.

20 159, A data input method according to either of claims 157 and 158 and also
comprising variable intensity drive electronics which is coupled to said illuminator and
to said two-dimensional detector and which causes the intensity of light produced by the
illuminator to v.ary in synchronization to the imaging field location of said

two-~dimensional detector.

160. A data input method according to any of the preceding claims 97 — 163
and also comprising a digital signature generator receiving an input from said data entry
processor including intensity, position and timing outputs and employs said outputs to
provide a digital signature.

30
161. A data input method comprising:

illuminating at least one engagement surface;

+
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predefined |l eft and right keystroke subregions therew thin; acquiring pixel
val ues for various pixel coordinates; obtaining the derivative of each

pi xel vaweozbamgy an X axis; 30 summ ng said derivati vesP€DiLoracis2sai d
subregi on; subtracting the summed derivatives for the two subregions in
each keystroke region, one fromthe other to provide a difference; 72 WO
02/ 054169 PCT/1L01/01082 conparing said difference with a current key
actuation threshol d; ivViewhg diadid erenlestexaeedsngapentwy sacfhemt wdth tér eshol d
for a gi vend.ke strkae regi on h.n a g{ven frane, and iﬂ thte ]grevi ous frame the
pi xel t JTArUHICASING TERE SERP HEOR &y SEEURPHGHI WL ShiTaT PBY L4 REY st r oke
region, fERvd frRehshk@bagbhbatdfQtatder@bt bibt vARHsdid af Restdnk g LRERnEOES nOt
exceed the key actuation threshold for "a "given keystroke region in a given

frame antirfepe;tehé previous frame the pixel total did exceed the key

actuation threshold for_that. keystroke. regio rovidi ng, a ke deact uati on
output. 10 165. A data ﬁ’rﬂfﬁftsmﬁe%h%lﬁp‘écfé%?l%a]ﬁigwcgdﬁeé}s?%n%ﬂn%% \S/ﬁ1n§$rei n said
det er m NifAgpRARIILY S datRi chdly iHpEeXo tiabzeinhicEbBuitdisgiat 8ga fatryepeRepbxel

whet her tha? _pixel lies wthin a predeterm ned keystroke region and, if
so, Wi t hmplaking khadeysanabisés. regi on as wel | as within which keystroke
subregion it lies. 15 166. A data input nethod according to either of
clainms 164 and 165 and wherein said pixel total is maintained for -each

keyst r okes2subr egi oA dafa iapiera&hs Dk orditbtoeghian] Gcandwhatior table. 20 167.
A-data i nput nethod according to any of clainms 164 - 170 and wherein said
compdri ng enpl oys a keysid dhaipdiiesiommiseshaorpeiahlight spgree; Mddat a i nput

met hod according to anyiaggng{aggssﬂ{éﬁgﬁig?%a%b\?ﬁg A sifs la}ué%zexaﬁddé%}ﬁ{iﬁé n at

| east sai d engagenent p I's a a pu wn tray tna 25
vehi cl e. thi GRarphesd aif &d e tshadeth defirdCor shidgoh@otltdight 26@candd whidrditn sai d
pul - dom@ntry object on said at least one engagement surface, which indicates the propinquity of

the data entry object to said projection sﬁrface.

15

163. A data input method according to claim 161 and wherein:

said illuminating comprises a plurality of light sources; and

said processing employs a shadow coalescence analyzer to
determine the extent of coalescence of shadows defined by said plurality of light

20 sources and data entry object on said at least one engagement surface, which indicates
the propinquity of the data entry object to said projection surface.

164. A data input method according to any of the preceding claims 161 — 167
and wherein said data entry processor comprises the following:

25 ' as each pixel value is acquired, determining, using the pixel
coordinates, whether that pixel lies within a predefined keystroke region and within
predeﬁnéd left and right keystroke subregions therewithin;

acquiring pixel values for various pixel coordinates;
obtaining the derivative of each pixel value along an X axis;
30 summing said derivatives for each said subregion;
subtracting the summed derivatives for the two subregions in

each keystroke regiori, one from the other to provide a difference;
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tray defines an engagenent surface which is configured by projection. 30
170, A data input nethod according to any of the preceding clains 97 - 171
and wher ava oxed4door ecei vi ng and processing are associ at ed RCTALmE/0c@er 2. 73
WO 02/ 054169 PCT/1L01/01082 171. A data input nethod according to any of
the preceding clainms 97 - 171 and wherein said receiving and processing
are associated with a hone entertai nnent system 5 172. A data input

met hod according to cl afomparibganad differeiawilai durreridgapesteationptheasholdyer | i es a

tel evision screen form of . said h rre ent rtal stem 173. A
data input nethod accor‘g%‘gaﬁfgfﬁ’r‘fﬁ eé?eefiﬁ e E{H‘}n]?%ldg 28" 10 and
wher ei n jadystr@i@sSte ﬁi%l' & Q?@&ei’f&ﬁ: d%ldaiﬁethé %r@ﬁ@t&cfr%@QhéMplﬁl %tﬁla@ﬂdenot174 A
dat a |nput met ho according to any of preceding clains 97 - 171 and

wher ei n exceddeths tkey actatbony elrgesheld fqn Itizerh éte}/srCé:s segipmt mdvidingra key @qmate)ncont r ol
met h qut 75. A data input nmethod according to any of the preceding
cl ai Ofl ﬁrf and wherein at |east said engagement plane is |ocated

within a restricted parffitgdifiiffeRncéBbds&lot BxR&kd ﬂféﬂ@?tactultﬁﬁn thresholiBfoR al NpUt
met hod according to any of the preceding clains 171 20 and wherein at

| east sagierekgagekemnsipn dne givn buae ead \m thii prewinus ﬁf@{]@tthﬁ @lixeb iRk didnent
UnSUl bk OrR BOMEH AL SEOR S s B P FREOE, meeor 4 19

to any o e prec dlng C

processid@clngorpsgpel ated with a video projector. 25 178. A data i nput

met hod according to any of the preceding clains 97 - 171 and wherein said
receii ng and processing are associated with a restaurant patron interface

system g 179. A ﬂatd\%%e;&gﬂ}rt] Salhgﬁd 225EAhYI 09 ¢ Of{?ma’]%zlo&n& e Y

claims 97 - 171 and recei ving and processing are associ ated
Wi th a nadeérheniagdingpleysay eixel Tdeabl2/vVAh4H GidHER/ ﬂ;l:@i&ﬂ@&%z W}ib&&.r thatdat a

| nput ne;gxggldhéiscvggfrnglangre%gte?rgll%eé) ]c1<e;[fsr’gre<)kg rrgéiglg Iarr1] 1%|sgl vnxgsthgjwl-nc% keystroke
region as well as within which keystroke subregion it lies.
15
166. A‘data input method according to either of claims 164 and 165 and
wherein said pixel total is maintained for each keystroke subregion in a keystroke

subregion accumulator table.

20 le7.  A-data input method according to any of claims 164 — 170 and wherein

said comparing employs a keystroke region threshold table.
168. ' A data input method according to any of the preceding claims 97 — 171
and wherein at least said engagement plane is associated with a pull-down tray in a

25  wvehicle.

169. A data input method according to claim 168 and wherein said pull-down

tray defines an engagement surface which is configured by projection.

30 170, A data input method according to any of the preceding claims 97 — 171

and wherein said receiving and processing are associated with a camera.
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and wherein said receiving and processing provide touch screen
functionality. 181. A data input nethod according to claim 180 and wherein
sai d t ouswo 0BoBeeeen functionality enploys a video di spl apCrareens2182. A
data i nput method according to any of the preceding clains 97 - 171 and
wherein said receiving and processing provide access control functionality.
10 1.83. A data input nethod according to any of the preceding clains 97 -
171 andlMherei n ah daaspusmiethod rgagdimgnd apl ariéhé preastiog chies Wit Hla gane
board. é%é. @édata.én ut .net hod accordi ng to,clgimnlB and wher.ein said
gane  boHFdVBRFITNEL] SrFCEiRR GRTERICCETRg AteaihsiaiRd Wik 8 PrEgrigyment

proj ectiQBemld 185. A 'data input nmethod according to any of the-preceding
claims 97 - 1.71 and wherein at |east said engagenent plane is associated
with a nusical instrument. 186. A data input nmethod according to claim 185

and erei,n said si,cal . 20 instrunent .def]nes .an engagenent surface which
is c nfig&r ed by prof&et ?‘?ﬂﬁl.? ipgthod Aaghording ntﬂJtc"H@tl‘}g& ﬁ‘gcgowg?rﬁl& tsal%any of
the prece@hsdinglt dldk Vérites hitdleyBitth RRLGbABRI Art FRIdVdIEe ahteitahMesssi ng
provi de vehicle telematics functionality. 25°188. A data input nethod

accor di riystea. cl ai m-187 and wherein said vehicle defines an 'engagenent
surface which is configured by projection. 189. A data input nethod
according to any of the preceding clains 97 - 171 and wherein said

recei vi ngand pr oceskiagppr @ihde a@bﬁr@ﬁi@ttb@n?/@ﬂdhé’lgre@%ﬁg cnigs pace; 7130
functionality. 190. ‘A nethod for filtering |ight conprising enploying an
anglé- coavgerisatiaat lens) spyd wgpemaers 9lapety %[SE‘QPE‘th%t@ atpbleerference filter
conprising enploying a plurality of thin filnms, each being.of non-uniform
t hi ckness, formed onto a dome shaped transparent substrate having an axis
of symet#y, wher eAnlagaingupmethaliscyordingttbianyfdflthe pleasvding clahheRNess7whi ch is
selected to  vary such that the thickness of the plurality of thin filns

t raver sedpyhareigist e encpapnenypHEge Shessoaatgd etk agemete sapat Batherong sai d
axis of symretry is generally identical irrespective of the angul ar

rel ati onship between the |ight beamand the axis of symetry. 191. A

met hdd fBKS.filteri Aglatd giptit methoddicogrding tolaaly rof 18O penelind etaghn 9% ai 171

and wherein at least said engagement plane is located within a restricted particulate

matter environment.

176. A data input method according to any of the preceding claims 97 — 171
20 and wherein at least said engagement plane is located within an industrial environment

unsuitable for a conventional keyboard.

177. A data input method according to any of the preceding claims 97 — 171
and wherein said receiving and processing are associated with a video projector.

25
178. | A data input method according to aﬁy of the preceding claims 97 — 171
and wherein said receiving and processing are associated with a restaurant patron
interface system.

30 179. A data input method according to any of the preceding claims 97 — 171

and wherein said receiving and processing are associated with a mobile audio player.
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10 done shaped transparent substrate is configured such that evaporation of
filmmterial thereonto froma |ocation spaced therefrom produces said

pl uralityweb2edsey fil ms each being of non-uniformthi cknpe€EIMhi0tI82i S
selected to vary such that the thickness of the plurality of thin filns
traversed by |ight beans inpinging onto a given .point |located along said
axis of symmetry is generally identical irrespective of the angular 15

rel ati onsii p bet wegrlatahimphi ghthoBeamrding to ey axfitke pfecsdingwtaips 9792171A et hod

for filter, l.ight, accarding to claim191 wherein sai yaporation is
per f or rre?fdi":‘ﬁ]l%éelﬂ%f“%ﬁﬁlw&%ﬁ% Proggssing provi e touch screen %mcgonaﬁﬂy.p

181. A data input method according to claim 180 and wherein said touch

S screen functionality employs a video display screen.

182. A data input method according to any of the preceding claims 97 — 171

and wherein said receiving and processing provide access control functionality.

10 183, A data input method according to any of the preceding claims 97 — 171

and wherein at least said engagement plane is associated with a game board.

184. A data input method according to claim 183 and wherein said game

board defines an engagément surface which is configured by projection.
15

185. A data input method according to any of the preceding claims 97 — 171

and wherein at least said engagement plane is associated with a musical instrument.

186. A data input method according to claim 185 and wherein said musical

20 instrument defines an engagement surface which is configured by projection.

187. i A data input method according t0 any of the preceding claims 97 —~ 171

and wherein said receiving and processing provide vehicle telematics functionality.

25 - 188. A data input method according to claim 187 and wherein said vehicle

defines an engagement surface which is configured by projection. ‘

189. A data input method according to any of the preceding claims 97 — 171
and wherein said receiving and processing provide automatic vending user interface

30  functionality.

190. A method for filtering light comprising employing an angle-compensated
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interference filter comprising employing a plurality of thin films, each being of
non-uniform thickness, formed onto a dome shaped transparent substrate having an axis
of symmetry, wherein said plurality of thin films have a thickness which is selected to
vary such that the thickness of the plurality of thin films traversed by light beams
impinging onto a given point located along said axis of symmetry is generally identical
irrespective of the angular relationship between the light beam and the axis of

symmetry.

191. A method for filtering light according to claim 190 and wherein said
dome shaped transparent substrate is configured such that evaporation of film material
thereonto from a location spaced therefrom produces said plurality of thin films each
being of non-uniform thickness which is selected to vary such that the thickness of the
plurality of thin films traversed by light beams impinging onto a given point located
along said axis of symmetry is generally identical irrespective 6f the angular

relationship between the light beam and the axis of symmetry.

192. . A method for filtering light according to claim 191 wherein said

evaporation is performed in a uniform manner.

76



