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NETHOD AND SYSTEM FOR DI G Tl ZI NG HANDWRI TI NG FI ELD AND BACKGROQUND OF THE

| NVENTI ON 5WO099/00780 The present invention relates to digital PEAHFPS Y ces
and, nore particularly, to a nethod and systemfor digitizing handwiting
while the user is witing. Systens exist that are capable of digitizing the
motion of a witing inplenent in real tine. These systens fall into two
broad categories: those that rely on a digitizing tablet, and those that do
not. Exanpl es of systens that rely on digitizing 10 tablets include those
described in US PatMETHOD AMANDEYSTEMFOR SIGITIAISGRANDWNITING 318, 096 to
Thornburg, US Patent No. 4,564,928 to denn, US Patent No. 4,641,354 to
Fukunaga and US Patent No. 4,558,757 to Mri. These systens generally are
suited to tﬁﬂ%ﬁéNﬁ@RC‘ﬁ% %F %@Uﬁ“l‘ﬁﬁlﬂ%ﬁdﬁ”g; but they require the
provi sion o | | ) T-of terr-Ts i nconvenient. 15

Systens shat ar e Thedegentimventidn eiaggst to 2iigien! imht devicgema alokey/ pariélarly, to
sufficient accufa é?j{]or thg) (deégl tization of handwiting. The system

descri bed by fE‘ﬁ[ﬁ%‘f sysimytorsigipizng hgndwriting whie theqjsereis voitingn

accel eroneter - ba ' b d | | . LWeiton

I npl enment. Becaus g{eh{éeeg%éé?l{lait%?]é’ %%Q{)]ﬁgﬂvﬁgl? %ﬁg] tl{l?rrpﬁtoéﬁﬁeﬁfgir&?tyé@g’ %%q?]%né by a
doubl e i nt egnatidloimef Thesenpasusefillante [tevabioad Sategbiics: IhGdeetiai $elbn a

subj ect to an.amount. of drift that, is unacceptably |large for the present
appJI i cati on.ad_r’]%ﬁﬁgg tahjel éﬂ‘i ﬂi‘f?ﬁégﬁ‘ték‘t - @@Wq?ﬁa@&s&ms&h@t Y ep t‘i’éﬁeﬁ#ﬁgerrent
directlyio ULiHés PMGudy th%@&ék?ﬁb%d’ﬁ?USfPﬂéﬁW. 425659 11408 megggsgiy&ﬂgm ems

based on propagation tinmes of ultrasonic pulses are descr nsesn in

US Pat ent N&.318,09660 Thombiuyg, HiS Pategt No, 4,564,088 RaGlnh, U8 .Patkenbbib, 6481,35% De
Bruyne, in US_Patent 4. £58, 691; |Jicoat, in US Patent No.
4,777, 329; BJSI F@F&?ﬁgﬁ,a'}lﬁ%nuésg %‘8‘?%‘%?- ﬂé%ﬁél‘%@; @CSWYH‘@F!S geReBHY FE ent
No. 4,862, bhitsd @Yth&rdt M digitiAtibSoPRARIM it , in US
Patent No. 5,142,506, and bylngi gé_s, 0i n US nP?l%ér?tﬂY gl\%}’r%q%éh%g : l{ej%aare
several readigitzing{ableicwbichydiensinconvenizni.t abl e resol ution for the accurate

renditi of han Iting.. One.is that these.syst are subject tg. .
systemat(:] ?c error;ﬁ%ﬁ msgtgﬁtsg’é? Bvse?) ﬁ%ﬁ-@ﬂg‘%ﬁ%}ﬁg égbqsﬁtﬁlgqnﬁ yt‘?%\‘?/é}‘&p‘}éec“ltls of
the ul trasoantaursdygosiis.difeathal of andWating NEha'bysted§ QRICAbE BV BbSerddEin TSt
conveni entlyf)a‘generat ed_in_a frequency range, 40 - 60 KHz, 1n which the

transmi tt ed Fafent NooAi2d7da317 seliespe an geceleractasrbasafieipgritak navigation system to

track the writing implement. Because the position of the writing implement is

determined by a double integration of the measured accelerations, this system is

20 subject to an amount of drift that is unacceptably large for the present application.
Other systems measure the coordinates of the writing implement directly, using one or
another type of global positioning system. Systems based on propagation times of
ultrasonic pulses are described by Hansesn in US Patent No. 4,506,354; by
Herrington, in US Patent No. 4,654,648; by De Bruyne, in US Patent No. 4,758,691;

25 by Mallicoat, in US Patent No. 4,777,329, by Stefik, in US Patent No. 4,814,552; by
| Milner, in US Patent No. 4,862, 152; by Gilchrist, in US Patent No. 4,991,148; by
Edwards, in US Patent No. 5,142,506; and by Biggs, in US Patent No. 5,308,936.
There are several reasons why these systems lack suitable resolution for the accurate
rendition of handwriting. One is that these systems are subject to systematic errors

30  caused by phenomena such as multiple travel paths of the ultrasonic signals. Another
is that the ultrasonic signals are most conveniently generated in a frequency range, 40

- 60 KHz, in which the transmitted ultrasonic pulses are too long for adequate
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RPCT/ US98/ 13260 2 resolution. To achi eve the higher frequenci g%lé{ﬂ %ég rter
pul ses need¥@ 89780 equi res high energy circuitry that cannot g & @
easily and-safely in a witing inplenent. Suzuki describes an

i nfrared-based systemin US Patent No. 5,227,622, that suffers fromthe

i nconveni ence of requiring a clear line %)f si ght fromthe infrared 5

transmtter egﬁptugﬁ W Adni 'tﬁph m're&l% éﬁ? aﬁ(‘ftsﬁ" i%?ﬁé{:cﬂﬁ FYé Gftes There

is thus a w recog i zed nee It mou y a vant ageous
to have, a hipht eﬁergpdcnmﬁthpdhﬂf cﬁhx@ttbez lplagcdgaahdwsﬂylmg lsafelyeah 4 iwmtimgdhat is

free of the limtations of the prior_art, systens. Yng
| NVENTI ON ABeBlegical SBZ%@C%W@%WE iredrbassa Sﬂ’ﬂeﬁnelm QS ;S’@ERPI 3 Q@Eem for

tracking a gﬁ‘( kn?ﬂerg Riofif e, 1{1‘?39%9&'&:{?& of 12 a%uxﬁné h{: Sf sngqpfrsﬂlrtﬁé infdrbd t he

movi ng obj e transm a plurality”of uency pul ses at a
first repet trahaniteeon the;witg mpiémexaltotheaxterﬁalrtmbkmgdevmers at known

mutual relative sition each ,of the f| receivers f in
the radio frequeﬁ‘g‘?repﬂf’f <hus L?pdﬂd?leV;cé‘?“Bgmé gtf %y 3Pt Le Vol ch?t ﬁlﬁhx Yng a
digital rep [F% | [ | MSdall e fhat
frequency pé Se?ﬁg%girx]sgﬁ(kﬁ)fve,ga %?éc&ﬁiam sm olri Ogg%?llﬂﬁ Ir}gﬁigvrg rla |€t1y of Satl ng
pul ses, eaciks fée ¢fithe fiatitatigngofl thepritraart sygtemsdur at i on, t he gating pul ses

bei ng generated at a second repetition period, |onger than the first
repetition period, and for supplying each 20 of the gating pul ses

subst antj al kyyni L@?Y@p?@m\pm@m of the first receivers, each of the
first receivers en recerving e radio frequency pulses for the duration
of the supplied dacbrigngtd the.préseobindientgon therhis proesledita systeentfordrackingr i s
provi ded a nethod for tr ing noyvi n ect nc the s (a)
transmitti n*YH QPEch t’\}lalﬂci‘glqgaéf‘ af‘f”éﬁﬁﬂ'ﬁ#y jggra a *hsgée gTOr h’é’gﬁmﬁf ng

obj ect, at @ahirhitfing ﬁﬁﬁ&ﬂahtyoﬂf PRYd Fquédey ;ﬂﬂ&%léild”'ﬂrs@ répatitidhi period! (b) a
recei vers at known nutual relative positions; (c) generating a plurality of

gating pul spbiralityaok Szsngceivgrs: it koewpeniial reJaldjesr positions, leach  ofsthe first

tit d h.of I h
ecei vi ot R G A tinn B iR BB BERe o RefpEat faflle vt and, ¢ e
durations OBuiﬂ%ﬁlrﬁgahl dlgltﬂufe?%%cntaﬂﬁh OF)a Peceflidi difiplaudd Bttt Bleived radio
representation of each of the radio frequency pulses received by each of

the recei veftsquencyrpplsese andi (@t 3 sreshatismer gangraiipg e pdwrslity of gating pulses,
each of the gating pulses having a duration, the gating pulses being generated at a

second repetition period, longer than the first repetition period, and for supplying each

20  of the gating pulses substantially simultaneously to each of the first receivers, each of

the first receivers then receiving the radio frequency pulses for the duration of the
supplied gating pulse.

According to the present invention there is provided a method for tracking a

moving object, including the steps of: (a) transmitting a plurality of radio frequency

25  pulses, from the moving object, at a first repetition period; (b) providing a plurality of

receivers at known mutual relative positions; (c) generating a plurality of gating

pulses at a second repetition period longer than the first repetition period, each of the

gating pulses having a duration; (d) receiving the radio frequency pulses, at each of

the receivers, within the durations of the gating pulses; and (e) producing a digital

30 representation of each of the radio frequency pulses received by each of the receivers

during the durations of the gating pulses.
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RCTI US98/ 13260 3 According to the present invention there is provided a
handwr i ti ng™§ Y/4780at i on systemincluding: (a) a handwiti ngPE'ﬁ 8/
including a transmtter for transmtting a plurality of radio frequency

pul ses at a first repetition period; and (b) a reception unit including:

(i) a plurality of first receivers, eachf the first receivers 5 havi ng
an antenna at a kRQé’H?degX@ﬁlegﬁé%?hi et e ol AR ARwUIE aifBERGR 1 D
first receivers for receivin e radio freque cy pul'ses upon®r "o

gati ng pul sesysteth dnclpdmgx ng) a diagdwating eippets devizt i moludingy a arasmétcer for

Generat i ng. HFGEEAPIIRLGI B0 fens mlt 20 irtaedufioRpepansan ®3% ng a
duration, t h@c&ﬁbhrlﬁnpﬂl’cﬁﬂ&gb?i)@g pRINRY %tfefﬁstattecé}vérgc%éﬂ e frSPREEIERD

peri od, |onger than the first repetltlon period, and for supplying each of
the gatirig viigsarsaennant & &ntb\yn fixed posatirowithin the r@&pﬂmmﬁmt leacH off the first

receivers, Q ; t he f.irst ers then receivin ralof equency
pul ses for t%é Y £y %’ﬁe%'ﬁ'gtth% aéﬁ‘b PAYSRCY Dusqs) UpRR Ls lpé.ﬁg a(galnpﬁ P& ani sm
for inferri ngntpittingadignal Tré;ﬁ@s%n!‘aﬁ@ﬁndfh@ r&ée"i\‘bﬂnhﬁlf)ﬁtrudé Pedehrealivid Gadib’ St

receivers based on at least two of the digital 15 representations
out put t ed byﬁ'%'@hc)bpmﬁﬁe(lﬂ |arT§GCfpmamaﬂ'0r gynematmmpluvaht}s of gatogy phlmg, tazhtdfe

present inv ded a chr onousl i tizing
handwri t i ngq\%r |gt9 ]eéﬂ?’gfsgs h§v1 é AR tﬂg 9\?5 P}‘ﬁﬁyﬂﬁﬁﬁtg"'ﬂgﬁ%’e 2? fegoadi ng
the step® Ofrepétﬂionﬁfe@éd dlbﬁger&hzirﬁthe HirstQ8pétitioh PJef6d,UfidBr Suptliyihg 'ehéwopﬁle
receivers, each of the receivers having an antenna at a known fi xed

position wi t%ﬁtlﬁgtﬁ%sei@“bSW’é'éBthlfmﬁt&umuSly {b¥adhr efntheifirsi regeiversprachhef the
handwri ting ra radio fr uenpcy ul.ses at .a first
repetition p%‘??gé eﬂ%)% ﬁfegnxgeﬁzéaﬁtkr%ﬂ {he édl?r g’l'eqll'fpcgf p'aﬁ ' ﬁ’d B%I ? of ®&cond

repetition papphel gamgqmls‘eham Gm)%a frleéﬁimsfrﬁrf&tmfdrﬂﬂg BRY; gagﬁloxﬁ@ﬁés £bnt fhe
gating pul ses having a duration; receiving the radi o frequency pul ses,

at each of tAOSHteT; tor gacdy ok the f@ﬁs‘t Hml‘teﬁ‘é basadaohosts lesst ttve gfitthdligitalses:
(e) prodyci h of the radio frequency
pul ses ?gce%etgs%ﬂ;/ﬁeoggh %’? tte%%f?arc %e:tygﬁ}lel%g“}aurﬁeﬁ%v?rﬁe durations of the

gating pul ses; ankcdpfding nfoerthe ngresémomn\tehﬁoﬁil gicteal is' ppovegeNt At inefhdd of
propagatlontlgﬁs frg{mthe hand |ng ut device to the first receivers.

McEwan, in CXBUPROHSY fligitizing hgn 658@ g3Ber PSing dhapdivaing iepwo
i ncor por at eiebite] RERIMRRCEe st s%lfl ng a%cé f[lOIl "thtymcs.ﬁhnfcgoa{]gﬁ{ﬁﬁ{f e,

borrowed a net hod from part reasur] ng ver
repetitive aoesivess, each ofsthe r@:dwors havmg an antenna at a known fixed position within the

20 reception unit; (b) transmitting, from the handwriting input device, a plurality of radio
frequency pulses at a first repetition period; (c) generating a plurality of gating pulses
at a second repetition period longer than the first repetition period, each of the gating
pulses having a duration; (d) receiving the radio frequency pulses, at each of the first
receivers, within the durations of the gating pulses; (e} producing a digital

25  representation of each of the radio frequency pulses received by each of the first
receivers during the durations of the gating pulses; and (f) mnferring, from the digital
representations, propagation times from the handwriting input device to the first
receivers.

McEwan, in US Patents No. 5,510,800 and 5,589,838, both of which are

30  incorporated by reference for all purposes as if fully set forth herein, borrowed a
method from particle physics, for measuring very short repetitive events, to use radio

location to measure distances on the order of one light-nanosecond (approximately



| ocation to nmeasure distances on the order of one |ight-nanosecond

(.approxi matel y WO 99/ 00780 '

PCT/ US98/ 1920P/0478ne foot) or |ess using el ectroni c conponeME@YHE32%8Per at e
in.the Megahertz frequency range. The object being tracked transmts radio
frequency pulses, with a carrier signal frequency on the order of

G gahertz, at a repetition rate of MegaHlertz. Receivers at known positions

h i zed.t ' t .pul ' [ t th ted 5
ORI N PR SE a
transni ssi Gagge. ABfLB} 6 being rabR& @Rishfits rhdib TequeRSMRlsdsSwith fa@atrier 8ignal

stationary while the tine gates are repeated, and that the first tine gate
starts at tfeguengyeon thecorder ofh@igahents it agiepetitiom wtecobMegnberfny| Beceiverhah t he

O e | oAb e RhER e o BEG VAL ol il bt B bl 0"
nul ti plised dew slightly Mewe FatdthatbshewspetiionRedueni®y 8f fHeat fRARssAATsWBuming

successi ve gates exceeds the tinme _difference between successive pul ses.
Thus, if tBatthe ebieeibeing trackedis effasvely statipparygyhileibe sipegates 3ra repepiedne)
can be fou ' 1,On. '

osi t1 on_ oferiiaishe HR AL AR surl 3 ME B EhY B It paliSfion SFSf b fhe

del ays of tpulses] thieh s tianoaflighe fion et objeat toed secebvdr tib @qhalr ot the ioidinglat e
need not be sinmultaneous with 15 one of the transmtted pul ses. Simlar
tracki ng offtuERbes Bf tertimegatp dueng mhishothe recetver frst secei vas epHem eviliiplisd by

recei vefS Ithe bifubd th%%s'tﬁﬁh@&réxﬁ:@%&@eé% M&c@stsfvre%c{y SAcEhsHL fife aNd
four noncoplanar receivers If e fTirst gate is not Si taneous with a

t ransmit t edliffelenes bétwedit Swaessi egqmbdes.c Thug)rif twd eeceiverskira gised, the pasitiorgoObj ect

over a ran of. 20. about_ 10 feet, .only th resence or absence of a

recei ved p&ﬁ% eiueﬁt (n 2 plane)canebs Bupd By tigngiattan. 1 Srge Secsiees 416 tee themcked
object. It . i ' : , he
ooher of  (Bepotfioiof abicci\ah olplar?) 8 bd MG U hOFIAEMARK oL |

f or handwr itithesgamiong thie 2bitee oeceivers, ise the fist tiareygdte nestphatrbengimultenevas fnath
differently. cifical.l t he ampl i.tude waveforns of the recgived pul ses
are 26 1 e, PEEE, trapinisdd,abben e FRREPE G T ObIeet 48 Thise BRIt or m
to nore acGYh@td!iireBRBAtIRedr debdVisrt 8 the HirftlgafissiRuANe{O Wil Sitakmited he
center of the waveformor the tine of onset” of the waveform that 1s used

as a measurislsst apddowi nenesplager irecgivery iff the first @ater in ndtr siaritabeaus witlstar ai ght
line is fi tt}'a%gmtit%dtp%sei. nitially rising portion of the

In McEwan’s application, the tracking of a moving object over a range of
20 about 10 feet, only the presence or absence of a received pulse in a time gate is used to
infer the distance to the tracked object. It has been found that in order to achieve the
accuracy, on the order of .02 inches (0.5 mm) in a range up to about 60 cm, that is
needed for handwriting digitization, it is necessary to implement the method
differently.  Specifically, the amplitude waveforms of the received pulses are
25 digitized, and a mathematical function is fitted to each waveform to more accurately
measure a fiducial point on the waveform, such as the center of the waveform or the
time of onset of the wéveform, that is used as a measure of the time of arrival of the
waveform. Preferably, a straight line is fitted to the initially rising portion of the
waveform, and the time of zero amplitude of the fitted line is taken to be the time of

30  onset of the waveform.
Thus, the scope of the present invention includes a modified system and

method for tracking objects. Nevertheless, the focus of the present invention is on the



waveform and the tine of zero anplitude of the fitted line is taken to be
the time of 30 onset of the waveform Thus, the scope of the present

i nventi on i WOI9%eM0a nodi fi ed system and nethod for tracki ng"%ﬁ 13260
Nevert hel ess, the focus of the present invention is on the WO 99100780
PCTI US98/ 13260 5 application of this system and nethod to recording
handwiting in real tine. In that application, the tracked object is a
handwri ti ng [ - ANV g
rodi tm suoh “ReTbligh BY Ui sy 8h YRS & REBGTRAHRME'h SofiTulk. [ FO

nmore recei vepphdangnouxy nﬁawdt@gbctineahmmemgtmpm dehepfpasxampleda pen, umsd tes
normally with the proprjiate circuitry, as descrl bed bel ow,
provi ded t ot%éWéFeg%ﬂ Pn‘@jﬂ Jaedivm ek ASRAPST-y The v3es plagesi 3 gpcspen émftat e

slightly | opwgh %?é}t&/@%rrrﬂ&fe I%Eel%ﬁggx&lg mBﬁﬁ’te& rt Hi‘ Rxf i Eﬁ}%ﬂu%y

pul ses. Each rec upon recei pt gat |ng recei veS radi
energy for whieginoratallgrwidf therpent i Approariate cﬂréum'yn,ensmacmlmdﬂmldsw; Boriwided cabl e

0o, LECSRAG B e RhE R S o ("
simlar to thabt Qg&grth%’?&x trdhshins Padi6 Heqhkhe P/%uﬁ%? BAG: re@8i%e0Ub¥n FtBipt of

recei vers are nee e pen is not te red en thrée recelvers are
needed. Pr efegatibg pnlsehecgees iadiocancfgygior ek duratwlanﬁ mxd; tltmtl gatmhlﬂ theipeniis in

contact wit aper an a n r.eceiver d, .al,ong with
appropri at e ??f"?rE‘EIB 'él'ae%g? g&“ﬂ@ﬁo&enlﬂl? térﬁﬁﬁf‘tﬁsf cﬁﬁ) g } ses
to be gegper @ﬁ@ﬁa&ﬂ’nysxdﬁ%' dfehé Pé%hcpﬁ@qlheixc& rp%!k‘éﬁ‘ﬁbh‘! thg- CRhﬁ1 ﬁ%‘ﬁﬂéﬂ ShilaPd 1S
controlled by a m croprocessor therein. The m croprocessor receives, from

each recei véiat desambed imbiS Ratent N §i518;800hand ¢y twe deasineys ars needdd. viidhrer
the pen is transmtt Ital. represe t of, the ampl

Focel ved i PRI WPt e (S B TRALE bikfermbiy 6 S contiirea
M cropr oces$®kranénit onBNPAIIESt fshi@ dontlRs wath terpapar, a8l AnhAidGHRE PEdeEreidl
infers, fromthese tines of arrival, the location of the pen. Note that

know edge oPravideds iglonig ivish |appraprigts %tfcutweaqoéwcnbedwb@low@:éembly the gating
di git d th | at
ooat i o of Ppfies B Skl ohisk B el S keI S 075 Conatant shife

that is comon t@hel reqeptiod ot iiensonttolledo® @r edieropestessvbodierdnt s The t he
present invention, the 25 inferred |locations are stored in a nemry unit,
to be downl SHEOPTCEsSOF recgives, fraop sach receiver (other than the receiver that is used only

to tell whether the pen is transmitting), a digital representation of the amplitude

.l‘

received within each time gate. Based on these amplitudes, the microprocessor
20  computes the times of arrival of the waveforms and infers, from these times of arrival,
the locatioh of the pen. Note that knowledge of the absolute location of the pen is not
necessary for the digitization of handwriting. All that must be known is the relative
location of the pen, i.e., the location of the pen up to a constant shift that is common
to all pen locations. In some preferred embodiments of the present invention, the
25 inferred locations are stored in a memory unit, to be downloaded later for further
processing. In other preferred embodiments of the present invention, the reception
unit is integrated with a communications device such as a cellular phone, and the pen

locations are transmitted in real time to a remote device for further processing.

30  BRIEF DESCRIPTION OF THE DRAWINGS
The invention is herein described, by way of example only, with reference to

the accompanying drawings, wherein:



processing. In other preferred enbodi nents of the present invention, the
reception unit is integrated wwth a communi cati ons device such as a

cel lul ar pworse/e0mad the pen |ocations are transmtted in reRCT{USARIREP 5
renote device for further processing. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS
The invention is herein described, by way of exanple only, with reference
to the acconpanyi ng drawi ngs, wherein: 6 WD 99/00780

PCT/ US98/ 13260 IG. 1 is a schematic illustration of the overall . geonetry
of a syatemof UG driseihemabonrBRiorpESOTEH, Bodky 3 SRRt Biogr am
of the SYSt;ﬁﬁ?ﬂfin%ﬁon}i FIG 3 is a sinplified circuit diagramof a

recei ver of e systemof FIG 2; 5 FIG 4 is a block diagram of
the transm tter HG. Bli high levebbldskidsagnamiof thessystetn of FI§. lan i deal i zed pul se
function used t | §, .avera ample .values. FIG 6 Ls an ill i on of
various groups %IHaxt?é?% g‘ﬁﬁﬁ@“\g&aﬁwoﬁﬁcfnﬁgﬂ%@gS?’ﬂgmf‘#ﬁ{}h of the
| eadi ng sedge of FGIBQYR bRk AXRPrAH B tHRAMRkMItld of FAGURS. DESCRI PTION OF THE
PREFERRED EMBODI MENTS The present invention is of a system and_ nethod which
can be used to tFl&:I6 i amillusgratipn edtan @isalizeti pulb¢ Junctivo yredstenfit aveyaget i on
can be used to dia%tize handwiting 15 in real tinme without the use of a
digitizing ﬁ%’u‘e‘(. %he principles and operation of a handwiting digitizer
accordi ng to theplg. 65£a illuSir R 6 vafiBMs PRUPSbE Meratrdeamplochlidst h reference
to the drawi ngs and the acconpanying description. Referring now to the
drawi ngs, Fi gur FIE. {7 shesvsrthe gtle&néghﬁ Jeadingyedgp of  groap| ofayeragsd sample of

t he systoemvo uet$he present invention, and Figure 2 is a high I evel block

di agranli of the system Antennas 101, 102 and 103 of three receivers 121,
122 and 123 are placed at the corners of an isosceles triangle. An antenna
100 of a fourth receiver 120 is placed at the base of the triangle. The
triangl e i LESGREGIGN QF & REgED 5B k23 105, on which a

handwriting i ned;ﬁ'gée%?injvgétiocﬂj Q)% s;?s chl ﬁlcf)&v'hich can be used to track a

moving object. Specifically, the present invention can be used to digitize handwriting

= sYa Vi

15  inreal time without the use of a digitizing tablet.

The principles and operation of a handwriting digitizer according to the
present invention may be better understood with reference to the drawings and the
accompanying description.

Referring now to the drawings, Figure 1 illustrates schematically the overall

20 geometry of the system of the present invention, and Figure 2 is a high level block

diagram of the system. Antennas 101, 102 and 103 of three receivers 121, 122 and

123 are placed at the corners of an isosceles triangle. An antenna 100 of a fourth

receiver 120 is placed at the base of the triangle. The triangle is placed with respect to

an operating area 105, on which a handwriting input device 106 such as a pen is to be

25  used to write, so that the distance between pen 106 and antenna 101 is always greater

than the distance between pen 106 and each of antennas 100, 102 and 103. Line 107

defines the minimum operating distance R,;;, of the system. The origin of the x-y
coordinate system is arbitrarily chosen to coincide with the position of antenna 102.

Pen 106 includes a transmitter 201 that transmits radio frequency (RF) pulses

30 using a carrier period T, typically on the order of 200 picoseconds or less, at a

repetition period T which is a few orders of magnitude longer than T, typically on

the order of 500 nanoseconds. This operation mode has the following advantages:



25 wused to wite, so that the distance between pen 106 and antenna 101 is
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transmitter 201 and transmit antenna 202 thereof. Reception unit is under the overall

’Cﬁ

control of a microprocessor 218. Receivers 121, 122 and 123 are identical, and are
used to measure the propagation times from transmitter 201. Receiver 200 is used to
20 synchronize the transmissions and receptions. Receivers 121, 122 and 123 are
operative to receive RF signals from transmitter 201 only when activated by gating
pulses. Receiver 120 receives RF signals from transmitter 201 continuously. The
amplified output from receiver 120 is applied to a phase comparator 212 that
constitutes, together with a loop filter 213 and a voltage controlled oscillator (VCO)
25 214, a phase locked loop circuit (PLL) 215. VCO 214 is set to run freely at the pulse
repetition frequency (PRF) of transmitter 201 (the reciprocal of period T). PLL 215
operates as a coherency detector: it tries to extract the underlying pattern in the noisy
input signal. A properly designed PLL actually can lock onto a signal whose power is
less than the ambient noise. Once the phase of the VCO signal is locked onto the PRF
30 of the transmitted signal, PLL 215 tracks the transmitted signal and sends to
microprocessor 218 the signal “phase is locked”. In response to this signal,

microprocessor 218 enables the output pulses of VCO 214 to trigger a numerically
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receivers 121, 122 and 3, caysing themt,p active recei v . si.gnal s.
The out put B‘Eﬁrg%rofi?ssﬁ’élzié ] FCLﬁaf“pgelés ég% ST ntif%'(SeﬁPPB-‘ieoS? ?ElésﬁzlgﬁlQlS as
a "sanpl e i $id6op@cessbOPP8 serldd tb WRYERuit 216N Aed icBAR] colethAERASRSTy 218

sends to delay circuit 216 a new control code that causes delay circuit 216
t 0 gener at ecirdvit 2 to gerepaie thruhed ontpub pulsdavity atdelay that isrivexemented dyb¥a Td 15

relative to e preyious del I n_thi.s_nmanner, t full range, of e cted
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anpl i tude of theTheawptpul ofrecsivgrsal2d, 123hand 133 ifes digital code, described in more
detail below, which represents the amplitude of the sampled RF signals. These codes

appear on the I/O bus of microprocessor 218, which stores them in an internal RAM
20  for later processing.
Reception unit 203 also includes an RS-232 line driver/receiver, for
communication with a host system such as a PC or a workstation, and a power supply
225. Power supply 225 includes a battery 220, an on/off switch 221, and a step-up
voltage converter 222 that converts the voltage of battery 220 into clean and stable
25  operating voltages V. for the digital circuitry and V4, for receivers 120, 121, 122 and
123.
Figure 3 is a simplified circuit diagram of each of receivers 121, 122 and 123.
A receiving antenna 301, representative of any of antennas 101, 102 and 103, is
connected to an input gate 302. Input gate 302 forms, together with a capacitor 303, a
30 sample-and-hold circuit 304. An incoming gating pulse from circuit 217 opens gate
302 for a short time that, in principle, is equal to T,. During this time, the input of

antenna 301 is connected to capacitor 303, so that capacitor 303 stores an
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anal og- t o- dinglighithds @f\iRiE t &tput A¥Bage \WFemplifier 305 exceeds one of the threshold

voltages, the corresponding comparator switches its output, and when the magnitude

of the output voltage of amplifier 305 drops below that threshold value, the
corresponding comparator restores the original output status. Thus, comparators 307,

20 308, 309 and 310 produce a four-bit unitary code that allows four levels of input
signal magnitude to be distinguished. The value of the lowest threshold, Vthl, is
chosen to be above ambient noise. The value of the highest threshold, Vth4, is chosen
close to the maximum expected ampliiude of the arriving RF pulse. Threshold Vth2
and Vth3 are chosen so that Vth4 - Vth3 = Vth3 - Vth2 = Vth2 - Vthl.

25 If a higher accuracy of amplitude definition is needed, comparitors 307, 308,
309 and 310 can be replaced with an ADC.

Figure 4 is a block diagram of transmitter 201. Transmitter 201 includes a
high stability temperature-compensated crystal oscillator (TCXO) 41, a membrane
switch 43, and AND-gate 42, a pulse forming circuit 45, a monocycle pulse generator

30 46, and transmit antenna 202.
Pen 106 is able to sense when the stylus thereof contacts the writing surface.

Membrane switch 43, that has a very low force of activation and an extremely small
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with delay circuit 216. The actual maximum distance measurement error from
triangulation is about 0.6 mm for an operating area 105 the size of A4 writing paper
and a distance of about 150 mm between antennas 102 and 104, and changes
nonlinearly over operating area 105.
20 System performance depends critically on the stability of the timing. The
long-term stability, the initial tolerance and the temperature drift of VCO 214 and
TCXO 41 are not crucial. The displacement of the center frequency of TCXO 41
could be dangerous if it causes a frequency shift out of the capture range of PLL 215.
A properly designed PLL can cope with deviations of about +10% around a central
25  frequency. Inexpensive TCXOs that deliver a stability of 0.5 ppm to 1 ppm over the
range of 0°C to 50°C and initial tolerances less than 10 ppm are available from many
manufacturers, for example, Motorola, Ecliptec, Statec, Vector and National. These
TCXOs come in the form of standard chip packages and transistor cans.
The next most important contributor to time base instability is the phase noise
- 30 of PLL 215. Again, proper design can minimize but not eliminate this instability,
which depends on the quality of VCO 214.



The systemof Figures 1-4 is capable of neasuring T[err] with an accuracy
af about one picosecond, which corresponds to a di stance neasurenent error
of about 15WO@%8078f This assunes a val ue of Td of about onePHTUSESRM,
which is achievable with delay circuit 216. The actual maxi num di stance
measurenent error fromtriangulation is about [err]0.6 nmmfor an operating
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around the %?c%'séc%ﬂd&.efﬁe] peak-to-peak jitter for a single step can be 4 to 6 times larger.

15 The insertion delays of the pulse forming networks between the triggering

time signals and their outputs are well controlied and can be equalized for different
channels. Thus, the main sources of timing jitter are random and can be coped with
by statistical methods.
Another significant source of error is ambient RF noise, which corrupts the
20 amplitude and the shape of the received RF pulse, thus affecting the accuracy of the
definition of the time of arrival of the RF pulse. This noise also is random and also
obeys a Gaussian distribution. The random noise generated by the components in the
receiving path (the Johnson noise of the resistors, the voltage and current noise of the
amplifiers, etc.) also degrade system performance. The right choice of the transmitted
25  signal power (hence the signal-to-noise ratio) and of the components can reduce these
effects but not eliminate them.
Spurious signals may appear on receiver input because of multi-path
propagation or interference from other RF sources. The repetition frequencies of the
interfering signals usually are different from the system scanning frequency 1/T, 5;land

30 their properties, such as amplitude and duration, also are likely to be very different
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To improve the accuracy of the fit and suppress random noise, corresponding
sample values of successive scans are summed before the fit is performed. The
sequential number of each cell in the internal RAM of microprocessor 218, wherein

20 the sample values are stored, defines the position of the sample value on the
equivalent time scale. When microprocessor 218 receives a new sample value it adds
the new value to the previous contents of the corresponding memory cell. This
procedure is repeated for several (usually 10-20) scans over the range of expected
propagation times T,. Because the real time recording of handwriting requires that the

25 position of pen 106 be measured no more frequently than about 100 to 200 times per
second, microprocessor 218 has enough time to alternate between data acquisition and
data processing. First, the accumulated sample values are averaged. Then the
processor examines the averaged data to find the pulse. This is illustrated in Figure 6,
which shows a series of averaged sample values, represented by dots, as functions of

30 time. Note that the sampling interval shown is T,, corresponding to the physical time
scale of the received pulses rather than the equivalent time scale on which the

measurements are made: successive sample values actually are measured at
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trailing edbyeowQhresiafld Mthay arerigigred.r If suboedsiver avemged avabues wexhibit wfrendhef i t
and suppress random noi se,. .correspondj ng sappl e val ues _of successjve scans
are sumed @beyeethresholdsVild, py PR .9°ﬁ18 5’@6}8%%( ’i‘"&f cmﬁ‘i’ﬁ?’e’?‘red‘i'art%(ﬁ?ﬁ cel |
in the inte f1oHifE QRLECARSSE R Sulthe'Sbfadnt LGasaMMhRey atdles
are stored,Eﬁgﬂa%Z%?hlgmﬁg i%;a(ﬁonﬁ%f Bfﬁe gygrrpl esslafbt?g %n tﬁgéequi vgl ent tine
scal e. Wenamilyzed pioodetedt qpulse] SidthcEHIRS Ta andvpdsanpladingaedge 406.ad@henhe new
val ue to the previ (%us contents of Ehe corresg}ond%}gg_gnﬁrmry cel

l.o oIhis
procedur e i $9UERREAT dyeragrd Yalyes efual IR GrapTeHicn Hlangfe EuamauTg Rtes %VFELQ% of
expect ed pr aRRAE i @Gprob &Es %i@é&&par&eﬁﬁ”&ﬁrésgﬁuﬁﬁ?%%%héggufsgQiﬂﬂﬁll' With @e

handwiting requires that the 25 " position of pen 1 neasured no nore
frequent |y tipeatedipulse vtidth TT8T .t ifths coenrse palservddthniscndgide of 8 poedefingi has

h ti t | t. t t d I, Siti d ' .
Flrot, the. HOBenHITS e oS i o Pyt s Wig b dv tichy HiteSresYae
exani nego { NgroAeReRAoR ditidud. 0 Gthédhisd) ittphSoosddhi 218! it b Istialshine 1b Ml gur e

6, which shows a series of averaged sanple values, represented by dots, as.
functi ons ofivedggedt valees datasporvhng tthdesdingldadgg 402 dow sixamiplemby i ned least

correspondi ng to e physical_ . ti scale of .the received.pul ses rather than
Che equt val S (e sla¥ ot i aeddiein Gomatied paffuhecea pERes Send LS
sanpl e val upth@fittétPlbye RloftsiRARI 188 the avelBed YOy B8 rejected as spurious.

PCTI US98/ 13260 13 increnments of [err] Successive averaged val ues, such as

those in group AThe time ofrpalsseiravaltin defined by thetime of @ ca edi fidpgialqeetessi ve
cer 200 VoSN B i S0 SRR IR HASTA o B 0
of the pul sgentSUirsBeyRNe WAa!. 2dBth 4aillluSSatad & FiguréTahtael showslatgelp pfl se
width [err] and pulse trailing edge 406. Wen a ) .

averaged sample values, similar to group C of Figure 6, that satisfy the width

criterion, with the first several values fitted by a straight line 410 whose time intercept

is T;. Note that the time resolution obtained is a fraction of T4. Microprocessor 218

20 then computes the Cartesian coordinates of pen 106 and either sends these coordinates

directly to a host or saves the coordinates for later transmission.

The coordinates received by the host constitute two arrays, an array of x-
values in sequence and an array of y-values in sequence. There exist commercially
available character recognition software packages, for example, “Windows for Pen

25  Computing” by Microsoft, that translates these arrays into strings of alphanumeric
characters. Optionally, the output of these software packages also includes, for each
character, a measure of the probability of the character having been recognized
correctly, and the indices of the first and last elements of the x and y arrays that
correspond to each character. Preferably, the host displays the output of the character

30  recognition software package in a mixed format on an output device such as a CRT
screen. For each character in the translated string, if the probability of correct

recognition exceeds a certain threshold, the character is displayed; otherwise, the trace



sequence of averaged val ues equal to or greater than the mni mum threshol d
Vihl is found L Croprocessor 218 conpares the correspondin G088 | se
wi dt h vvith“h%”@%’ect ed pulse width [errr] |If the coarse pngPse ngg{i?’l |Hs
outside of a predefined range, as is the case for group B, which is w der
than [err] the averaged values 10 are re‘{)ect ed as spurious. O herw se,
m croprocessor 218 fits a straight line % the aver aged val ues

cor r espondi mséqaeﬁtmgk,w pBiife céﬂ&poféaﬁg Q?‘}ﬁiﬂ?'cﬁaﬁ&t& ;ié”'gilé?la&é‘@% eagblangs. The

slope of the fitted lihe is conpared with a range o owed sl ope val ues.

I f the fittwesgrtd spoend-guenstthé charadi¢raecagnijion softwasever aged val ues are rejected

as spurious. Thegtine of |se arrival is.define the tine of .

cal cul ated fi duc{taﬁ_s Wq{fa?‘%lltéat ﬁ'{?r pgﬁ%ﬁﬁ}p@?“‘{eh%mfis%eiﬁ?‘@r@&ﬁppr‘m&ldhg’_ li ne

fitted to tagnpLAssNINE S, F09! had B10Sr Qfuivalét C&DC?rl%eofndteﬁ&ldBHd of tid dth.
0

This is illustrated in Figure 7, whi ch shows a group aver aged sanpl e
val ues, 5i ndlistapce betyeon perc186 apd gegeption unibh 303 3f thefamplitedenisdob lew, saard on,

ith the fiyst | .val fitted traight i 10. whose t |
Pt er cept 1 Gy SR Beytilom b Bipshid V- i, combihed e 88 dfoarielt | on
of Td. M cregsd)reaes Ahcerdf? intthe Mt ietb@n Jfhfie @lﬁfeaepiﬂs%rlleﬁ@iﬂg%gét & Of

pen 106 and either sends these coordinates directly to a host “or "saves the
coor di nat esnqted abeitee AGE 306rmaistains. thetbrovghpudigait sxchribateihe guildsyamplsudeost

constitute [ array..of x-_values jn.s ence,.and an_.array of
yoval ues | iR nR@HCregfi G GFticrent aneflaliGi 4yl 15 SR Qusliiee S0t BVl
recogni fa on sof tifathe (IERIES thd Bysténs PR, predind dAvEntioA” alBeftad®, and the
Computing"” by Mcrosoft, that translates these arrays into strings of

al phanuner i @PEHed pulsershapisnd grmlityde isirongtantpeier sl ofheperating awardSpalekages
al so inclu . e acte r f th robabi ity of.the
character ﬂ(g)\?lr%lé %e(ﬁc %’g@;?i %d%%%%@%?x%%% afshg ﬁ'ﬂﬁﬂ? SOfO#'X’Fhfgthq' st

and | ast el oedihstes bretdefit to @hekt yhat kepiyduckte tEHENGTRFMLVIR: BacdmiGBAZACT er .
Preferably, thg@host di spl ays the outﬁut' of the character 30 recognition
fdh

sof twar e paikadecal display, xEoe aesupacy of fhe definition of ghs cavadinate and the BRTOf
§

screen. ;sFor M3 ansl SLE] . 1 f.t.he probability of
correct re o‘gsﬁ‘. ti o%ﬁ]égl%gd% hgglye.érﬁ ?‘%ghn‘?ﬁ?ées (e)l (ﬁéc télcc{%(r akf 'értg‘le Swntten
di spl ayed; ciatetass ean bd feeogiaakin this\d3pLYed G4fR0tory and converted to digital text.

PCT/ US98/ 13260 llgﬁ'Of sequentigl (X’ﬁ) poi nts corresponding to that
character is di sSPHFQBPCEssgr HSpmlst RaVa, &SPUKCES FBCPH e% Whieh aFmmigh er

recogni ti orendafh WpBvide:

(a) storing of each sampled value in a buffered memory;

20 (b) real time processing of the samples (summing); and
©) completion of the data processing at the end of each measurement cycle and
release of the buffer for new data acquisition.
Because the required report rate is no more than about 200 positions per second, the
time between measurement cycles is about 5 milliseconds, imposing a rather modest
25  demand on microprocessor 218.

The construction of the system of the present invention as described here is
exemplary. The scope of the présent invention includes equivalent manners of
accomplishing the same end. For example, transmitter 201 and reception unit 203 can
be synchronized using a pulsating light source, emitting sufficiently short light pulses,

30 onpen106. An alternative to PLL 215 is a PLL that locks the. VCO frequency with a
small offset to the PRF of transmitter 201. This offset results in the sliding of the

gating pulse sequence relative to the input PRF. After a number of repetition periods,



I.t. is inmportant that the pul se anplitude and sIope sl ew rate provided to
conmparitors 307, 308, 309, and 310 (or equival ent ADC) be i %%

the 5 di st4AO¥¥8veen pen 106 and reception unit 203. I|f '?ﬁ(gﬁg ﬁ?’ 6Sde is
tao | ow, sone valid sanples will be below the threshold Vthl. This,

conbined with an incorrect slope, produces an error in the tinme intercept
of the fitted pul se | eading edge. As notd# above, AGC 306 maintains the

t hr oughput i %yﬁe ﬁﬂl§§s of
di fferent attenuatlonspgﬁe to §§ﬁ§ﬁphg§g@gﬁ§g§M%983§§%%@atqgge

t he ti m ngs befdefihed asythe engnﬁntthme @i the arvasurements.i The énawbatlabﬂ thxs adterhatie

captured puls shape_ and de s constant over all eratin area
105, the codt ek BSION- 5‘3% eéﬂ@lmg&ﬁéﬂp&w ﬁl@é}eyd regolutio (4

time. These QoL i NAbRy Ry Rsotilh TP afld h%tneéégeém&@waﬂ%ﬁ@éfi Esz{qﬁ?b??t ory

of noving transmtter 201 on di spl ay e accuracy o

definitien qubnbdlﬂabetweﬂ:rmmnmémcamdf mhaansmﬂamd rci:éivepnmi &'qmemossarrpl ing are

hi gh enough to pr. electro ic in witte ers_.can
be recogni zed in ﬁ%%ﬁ uyeRiy ?Srgﬁeécqeﬁ?@begn‘ﬁlﬂéé‘?Wﬁtttha ‘B“ u{réqer PExt .

M cr opr 0Ces gibodiRerBISt WilVEe BESEUEEE thalm fv@ﬁm‘gegmmuaﬁseaxm BihePnOUGN
to provide: (a) storing of each sanpl ed v ue in ffered nenory;

(b). real tapplicapionsefthe myenfion maydbempddes (sunming); and (c) conpl et| on
of the data processing at the end of each neasurenment cycle and rel ease of
the buffer for new data acquisition. Because the required report rate is no
nore than about 200 positions per second, the tine between measurement
cycles is about 5 milliseconds, inposing a rather nodest 25 demand on
m'croprocessor 218. The construction of the system of the present invention
as described here is exenplary. The scope of the present invention includes
equi val ent manners of acconplishing the sane end. For exanple, transmtter
201 and reception unit 203 can be synchroni zed using a pulsating |ight
source, emtting sufficiently short |light pulses, 30 on pen 106. An
alternative to PLL 215 is a PLL that | ocks the VCO frequency with a small
offset to the PRF of transmtter 201. This offset results in the sliding of
the gating pul se sequence relative to the input PRF. After a nunber of
repetition periods, WO 99/ 00780

PCT/ US98113260




15-the transmtted pul se and the reception tinme gate coincide in tinme, and
this point can be defined as the origin in tinm of the neas . e
dr awback ofVPRPY8ternative is that it is slow Td nust beuéﬁgﬁggszlﬁ%%agh to
provi de the needed resolution (a few orders of magnitude | ess than T[err],
and it is necessary to wait tens of thousands of T[err] 5 periods between
coi nci dences of the transmit and receiveltine sequences. Wile the

i nvention h e i _With respect to a |imted nunber of
enbodi nment smﬁﬁd‘i@ﬁ@ﬁgeci ated that many variations, nodifications and
ot her applications of the invention may be nade. WD 99100780

PCT/ US98/ 13260 16 WHAT IS CLAIMED IS 1. A system for tracking a noving
obj ect, conprisihg: (& systemsfor fragking e maving ehieq}s compising't he novi ng obj ect,

ropeti i on por o (of Syt SRR L HE SRSBY SGRC of HBiying.p ua

rel ative positions, ephiality ofaidib frequehcy paleésve aSirkiGepétaioal pariad; sai d radi o
frequency pul ses upon recelpt of a gating pulse and outputting a digi t al
representation oft)a r 8®lIreldy of fipitirecgiversy pt kngwn mutie] ralativenisiionscasgb oty

pul ses; and (c) a i ner.af | pl ur al ] | ses,
each of said gating p%gg@% LZ%CL\%;%Q%U%&?I ﬁ%!{r#?sggi %H{goatf%ehée% |§§1t§é£g¥’§‘§
generated at a secondrdcejpetoftd gatingepilsdand eupattinghadigial depresentationpeftati on
period, and for supplying each_of said gating pul ses substantially

si mul taneously to eackFeesived amplitude of said geoeived sadia Srequesrcyquilses mds t
receivers then reggeivj i-d radi I r id rat | of
said supplied gaf"ﬁng %ul Se. 1gr-n A ggﬂéergtgr%?gﬁ%wgtg?%%%mﬁ%st ﬁgejérﬁ_gféa%]
conprising: (d) a pEdippulssnbiavingiandueation) gaif patieg phlsedbdinggendritedasai d
transmtter to each of said first receivers based on at |east two of said
digital representati oPECOBEI§RGHIRRYPEROds inngerthan said firstrepetyian nariod, ansk for

receivers. 3. The syshidifly Wack bfisHdlgatfng flisds SBEBRALISHY Yimultaneously to

each of said first receivers, each of said first receivers then receiving

said radio frequency pulses for said duration of said supplied gating

pulse.

2. The system of claim 1, further comprising:
(d)  a mechanism for inferring propagation times from said transmitter to
each of said first receivers based on at least two of said digital

representations outputted by each of said first plurality of receivers.

3. The system of claim 1, further comprising:
(d) a mechanism for synchronizing said transmissions of said radio

frequency pulses with said gating pulses.

4. The system of claim 1, further comprising;:
(@) a second receiver, for receiving one of said radio frequency pulses and
then activating said mechanism for generating said plurality of gating

pulses.

* C L n S *



(d) a mechani sm for synchronizing said transm ssions of said radio
frequency pulses with said gating pul ses. 4. The system of c¢laim é
further corf¥P9%0¢§0 (d) a second receiver, for receiving theVst¥ 6%
radi o frequency pul ses and then activating said mechani smfor generating
said plurality of gating pul ses. WO 99/ 00780

PCT/ US98113260 17 5. A nethod for trdéking a noving object, conprising

the steps of: (a) transmtti a plurality.of radio.freguency.pul ses,
from said noving 5_obj ect mehod for F}g@({mé)%%vmg%%ecbézpm&sm(gotﬁg Stepf)ﬁgvi ding a
plurality of recghyer Srapbmkfifn plutake) of Ads IMCGuBRT HrllS¥ES fronf kaid moving
generating a plurality of gating pulses at a second repetition period

| onger than said firstobjeshert afirgmepesitiongeriedich of said gating pul ses having

a duration; (d) receivi.ng said..radi o f.reguency pulse t each of said
Fecel vers. wi thi fbat ARV oA LeEh LB T RGP flve gpSitioR
producing a digitg reRheaans Al plamlidf ofPatin®pukes dt hastcend rEsBHieida Ypeplalises
recei ved by each of said receivers during said durations of 'said gating

pul ses. 6. The netlaagerothar |sgidnfisst repetitiosr paradpreach g said satisp pilses(f) -
inferring, from said %lvg]l taa% e esent ations, propagation tinmes fromsaid
novi ng object to said}}e i 3er ey The nmethod of claim 6, wherein
said inferring of(dpai degyiving@gaidiradiotfreqasndy lised st dabie oS k&l rofeivdrewitigh
receiver, fitting a mathematical function to a plurality of consecutively
produced said digital stidusationsaf sad gating pulses; kb net hod of claim 7,
wherein said mat ti - t] i i . T t im 7,
wherein said nat Bgﬁmit ipgg{lucﬁlk#:%t z|h%lr¥al| gepF%%sr@g%{é?I} |%%c ee(fl,c h s%?aﬁgallrlggr)e?;g ﬂg&ﬁ&
including a w dth. 10.pulsefheceivetittyceach of lsaid recefvers\igring Baid ajuchtivnesEeaiti vel y
produced digital representatjons are summed prior to said fitting of said
mat hemati cal funct i on.gating pulses.

6. The method of claim 5, further comprising the step of:
® inferring, from said digital representations, propagation times from

said moving object to said receivers.

7. The method of claim 6, wherein said inferring of said propagation
times includes the step of, for each receiver, fitting a mathematical function to a

plurality of consecutively produced said digital representations.
8. The method of claim 7, wherein said mathematical function is linear.

9. The method of claim 7, wherein said mathematical function is

parametrized, said parameters including a width.

10.  The method of claim 7, wherein said consecutively produced digital

representations are summed prior to said fitting of said mathematical function.

11. A handwriting digitization system comprising:
(a) a handwriting input device including a transmitter for transmitting a

plurality of radio frequency pulses at a first repetition period; and

| 00 T




11. A handwriting digitization system conprising: (a) a handwiting
input device including a transmtter for transmtting a plurality of radio
frequency PYPSYM78R a first repetition period; and 11111111 ‘1‘1&’9%%”3260
17111111111111112 WD 99/ 00780

PCTI US98/ 13260 18 (b) a reception unit including: (i) a plurality of
first receivers, each of said first receldvers having an antenna at a known
fixed position within said reception unit, each of said first receivers for
receiving said r&di o #FeepiyibipcREIg non receipt of a gating pul se and

outputting a digital ﬁgpr e§$ﬂh§ﬁ€y?clﬂ”i t RckiFER! ¥ath d FiH SecfvertPhdling

recei ved radi o frequehcy pulses, a mechanismtor generating a

plurality of gating pul sesan eatelmadt adaiosvngfixeédppstidnseithihaaidgeaptidnuaitj on,
said gating pul ses being generated a second_repeti.tion period, |onger
than said first repetiti oneifg‘rgéiﬁ‘d TEEFVEIS figF §$"r‘?§"%éﬂddﬁd‘§ HUGHEN ng

pul ses substantially sinmul gﬁ@@sohﬁdn\’réceip?%?tl %ﬁﬁ‘?ﬁﬁ‘gsg H@But'bﬁﬁﬁx%vaea stafach

of said first receivers then receiving sald requency pufses Tor said
duration of said supplied pprésentapon ©f a2 medived ian)plitude of sdid recaivedf radio
inferring propagation tings from said transmtter to each of said first
recei vers based on at |eas e‘ﬂ‘\’/ﬁ?"?ﬁf’“@ﬁ%’d digital representations outputted

by each of said firstgpl ur akidcharRim FECSdnéith lity B atbs B fealth 8f M 11,
further conpri sing: ((cl? a macharﬁi smgéfnor dgmﬁggadli};rll-g %ecglt}jaﬁs dee?i ved from

sai d propagation times fors#idreating pplsexbsengq duration, sehkgatingt puisasfbeingai m
L5, plereln sl o0t ongupl el U \OSEald R oo BB ER
?3? L Rg r p:JIni lea aegfl- The sppefidoPberiddiaft ¥or siipyiab Rastfbflsdif BRhd BRIstI t

substantially simultaneously to each of said first receivers, each

of said first receivers then receiving said radio frequency pulses

for said duration of said supplied gating pulse, and

(iii) a mechanism for inferring propagation times from said
transmitter to each of said first receivers based on at least two
of said digital representations outputted by each of said first

plurality of receivers.

12. The system of claim 11, further comprising:
(c) a mechanism for downloading records derived from said propagation

times for further processing.

13.  The system of claim 11, wherein said reception unit further includes:
(iv) a mechanism for synchronizing said transmissions of said radio

frequency pulses with said gating pulses.

14.  The system of claim 11, wherein said reception unit further includes:
(iv)  asecond receiver, for receiving one of said radio frequency pulses and

then activating said mechanism for generating said plurality of gating pulses.

L



(1v) a second receiver, for receiving one of said radio frequency pul ses
and then activating said nechanismfor generating said plurali tX] of gating
pul ses. - W©9447130730 PCT/US98/13260
PCT/ US98/ 13260 19 15. A met hod of synchronously digitizing handwiting
witten by a user using a handwiting input device, conprising the steps
of : (a) providing a reception unit indfuding a plurality of receivers,

i t enna, at,. a. kno fixed position within
hronoigLy F

h of id havi
said reception ur’r; (bjneof phreRiORcHSl fiedisng bandsriing: vRAGD b BSer

device, a pludmgldﬁavldwﬁﬁhgtil{hpmhéﬁaeg%ﬁiprﬁm%iﬁésteﬁs@f:fir st repetition period,

(c) generating a plurality of gating pul ses at a second repetition
peri od | onger thd® saiptoyidingt a regeption jupit ipelniing, 2 phicalitpfof Sacalvast éachy oful ses
having a duration; (d)_.., receivying said,radi reguency pulses,. at each of
said first receivers, Sﬂdt'i’?fz?‘}v?ﬁi\ﬁav r%%@aﬁa&?%%gﬁﬁsﬂﬂpﬁﬁlnE@?

producing a digital repsptentuafti on of each of said radio frequency pul ses
received by each of said first receivers during said durations of said
gating pul ses; af® (f)ransmitfipgy frpmgthe handwsising wpusi device; epplosdity of iradi,
propagation tines fro n it i . devi.ce to said first
receivers. 16. The nrﬁe%qﬂglg"yc }ﬁﬁgﬁg?%%g%,rgé)eﬁ&'?ﬂg?n%@npri sing the step of:
(g) i nf erring(cy r orpeaerating aoplagity @ datifR pulsedat ASRLHRH epehifich igeabd Of
the handwiting input device. 17, The nmethod of claim 16, further
conprising the step oflongek)than spida fisst sepefifione peréads eachyfof ssaidi gating tpudses t o
al phanuneri c charact e?ﬁviné%'durat}_&e met hod of claiml 7, further conprising
the step of: (i) i f a Sequence’of said positions is recognized as an

al phanuneri ¢ chaidict ereceiliing|saidi radios fequeampaies it «athf Whilefirst receivers,

within said durations of said gating pulses;

(e) producing a digital representation of each of said radio frequency
pulses received by each of said first receivers during said durations of
said gating pulses; and .

® inferring, from said digital representations, propagation times from the

handwriting input device to said first receivers.

16.  The method of claim 15, further comprising the step of:

(g) inferring, from said propagation times, corresponding positions of the

handwriting input device.

17. The method of claim 16, further comprising the step of:

(h)  translating sequences of said positions to alphanumeric characters.

18.  The method of claim 17, further comprising the step of:

6y if a sequence of said positions is recognized as an alphanumeric

character:
displaying said character;
otherwise:

displaying a trace of said sequence of said positions.

A



di splaying a trace of said sequence of said positions. 11111111 111111
111111111111éé 99/ 00780 '

PCT/ US98/ 13%83°9%%4 0. The nethod of claim 15, wherein sai 0"?%"%?8(1?’?@ of
sai-d propagation tinmes includes the step of, for each receiver, fitting a
mat hemati cal function to a plurality of consecutively produced said digital
representations. 20. The met hod of cl a?¥n 19, wherein sai d nathenati cal
function is linear. 21. The met hod of claim 19, wherein said

mat hemati cal function is paranetrized, said paraneters including a w dth.

22, The method16f clThenmdtflod wii@latinn1 5 akEer6iaNGRT WfbyRbYoPsAd WroshetlicH t @
representations .are sunmed prior to said fitting of sard mat henatical
functi on. umes includes the step of, for each receiver, fitting a mathematical function to a

plurality of consecutively produced said digital representations.
20.  The method of claim 19, wherein said mathematical function is linear.

21. The method of claim 19, wherein said mathematical function is

parametrized, said parameters including a width.

22.  The method of claim 19, wherein said consecutively produced digital

representations are summed prior to said fitting of said mathematical function.
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