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.and .Processing Al gorithms for UItrasounﬂwmnmmml“ﬂm ght Digiti eﬂ SE t >
FI'ELD AND BACKGROUND OF THE | NVENTION T vention relates to
_digirtizer swwbaaedNd, in particular, it 5 cQREer NS processi PCTAIYOLIHNS
“for_ ultrasound time-of flight digitizer systens and -systens enploying such
algorithns. It is known to enploy ultrasound tine-of flight nmeasurenents to
measur e di st aneRistestrid Procisiny AT SHIRAG M Blrgidiind T9neSPRMEhSICh
systens enpl oy one trsgansmtter %\%r i f uﬁrtrasoun pu?)fesi%\% ch are

) r%ngmis S
recei ved by receivers 10 at a nun‘o@? EChodStEBhs. Alternative
configurations enploy nmultiple transmtters with a single receiver. In

.ei ther casegIEND ENPUBACK GROWNIEOBITHE [MMENTIONe pul ses fromthe
transmitter to the receiver, the di stance between them can be cal cul at ed.

Synchroni zati on t L I L i L r..by a
hard w red conne'g{l? c#r%s%etrﬂg?%gﬁt\;/élféfgg% gf%‘ﬁ%ﬁa%ﬁ%tf ﬁ% ?ﬁ@fk.ﬁy%r&&]% i

| dent i fiscatdonkegts procedzit Mpofithiné feccirasthirndtmienst-flighs digidiger seterhs af@N
trivial. The reaction characteristic of transducer elenments generally used
t 0 gener at esystemnpemphaying sught slgorithms: di spersi on of the signal during
transit, cause the pulse to ri E&over arHPunber ﬁf' cycl es before reaching

i ts maxi num anpl it a8 d@owastoemplay pltragoynd Bk ilightaneairemens dpj mpaspre

di stingui shy. ul.se sign Vv . n se triqgened at
di f f erent 54‘5}%@%%0%" ? h@%u@sé’.rgﬁg%g%? |"§1J’Sa? gﬁéﬁ#gpts?% g r@%&%’&? gg}ploy

di stance angheViphnsmhittef WHiclP BaBRGhAL uliPstdhhd Pifses Wi ch R @ pRRIVEIBY r&Rivers
exceeded sonetinmes during the first cycle, sonetines during the seconé,

© soneti s cira ngmbke of positionk.cAltermative configiichktionblemplop multipleo rahsaitters
Figures 1 and 2). For a typical operatjing frequency of abgut 40 kHz and

t aki ng t he with gpdnglegeceisemdn ecithpecasgobymeasurng ths imes-elofiad of e pulses

di stance of. about 8 mm. Such.,a range Fror i,s.unac tabl e for typical
appl ot i orfEBuDR tHsHiget e RSPV, dhe Biior SRt S50t Sap hecPpn B g
the like. is Q,l,g}]?l Lahgi y rH%y\Q

i nfl exi bl ecéﬁﬁl\étﬁ ﬁ%ﬂlgﬁﬁéﬁ gtggeg&con |ngtrg2§ iréﬁésiYaT?%??;CI ﬁ/h,?e?c%?é%gfl ne%tard
recei ver arwizédeommdction or by a ®ifgldss eleBtrafagnie lifk16291 PCT/ US99~20237 ~r ~

., produced for each _given applicatigon. The el ectronic conponents are then
centralldzed in ddewtifieatiomek theshegimmng, of sasht witiaseund pplse| ecevedgis non

flexibility.to,a t systens,to dcapions with Larger dinensions.; Jhere
is therefort v%fl'_n frsgcﬁgoystcgq@c%h&ﬁﬁ&%s@wcas&pgﬁgl ge'{ef%@ki §dSI°
vari ati ons gefiefhé HRpalsed 6 RECHith disherdiBR ofth sighll diBAE ‘WA ahseth@
sequence of” pulses of a preSsure wave froma transmtter To a receiver. It
woul.d al so pmdsehtiogiideyovahsantmberafcyclesbefore deaching its nsaximmne amplitedes tAesna i n
whi ch the number of receiver units nmay_be increased to cover any desired

area. SumvarsalpraTithreshaldniovol 3¢5 1hereiablye dlistinguish: ithe pulsg pigbalss ovey

al gorit,hm for, ultrasound tine-of flight .digitizer s a ystem

cho oyl SekEiond HRE oy Be.fagert Y gitepirl' Fiies RTRE Py, PerBp e &

i nvention ther gahsmRte@MesGder adifBAEW darld rvarowsK ienirdAtmleatal OBSndifiofd, sigaice D
calculated fromtine-of flight neasurenents of a sequence of pulses of a

pr essur e wdkeesheld mhgtbieaxctedud somdimesadiming ther fitso cpclegsmnstimes dhengtiessur e
wave oscillation having a given wavel ength and wave period, the nethod
conpri si ng:se¢end,janshsgmetimgs dusngithe dhird,lgadingoconsiierahle dmprscisipn {seq ng

at least t ti me- of i.ght measurenents.derived fr.om.s SSi ressure
nave’ pul sed TEHERN S Pty GRRBLGRERRNS FERbESH of AR HVCEHE R TR E ¢
successkve thie: i J i | [ f
T aht eadhyanh o e T S R B b St S b S e o
predi ct ed tSueh-zfanigel cf¥rrorak whacaipeablafadypicatrapplications sath ps digitlzéry for
time-of flight neasurenents; (c} identifying a shift factor corresponding
to an i nt egenting impleneends, computeraiqeanidd Bb&em}ni ch the shifted tinme-of

flight nmeasurenent nust be corrected.t.o obtain a corrected tine;of.. flight
measur ement fal | -wqumhpnahuﬁzﬂswﬁ gilioerstons g als SPFQﬁW‘%@‘ié“BP’é‘&L‘c% d

time-of fli l.ye:. an r ' t he di nge D.cal c t he
shifted ti &@%ﬂ%ﬁﬂ%ﬁ? %r‘r@g‘gg%aé‘(zn’g‘ét %i‘{aﬁ& %r 8%5%%8? rteﬁ%‘q’gti#{aﬁég‘g‘ff’%{r o
the pressure wave wavel ength. 2 2 8 F E B 2003 WD 00/ 16291 PCTNS99/ 2~~37
According to a further feature of the present invention, the ty W@t
measurenents are made by a technique configured to identify at”mm”m,w"wmﬁd
point wwthin a cycle, such as by identifying a first zero crossi n%o
received signal after the signal has exceeded a given threshold vai®f® 5
According to a further feature of the present invention, a shifted tine=of
flight nmeasurenent for which the shift factor exceeds a predeterm ned

Y T "

and




According to a further feature of the present invention, the cz)h‘raggltﬁegml me
-of flight measurenent is enployed as a previous tinme-of flight r nt,
for 10 the step of nonitoring performed on a subsequent tinme-of flight
measur enent . WROUIE@Phg to a further feature of the present i nPETUSEH2023Rer~
‘'state of synchronous operation is identified by obtaining at |east three .
time-of flight nmeasurenents derived from successive pressure wave pul ses
for which suqreducede for neaddf givemhspplisation.eret ledronioy compenentan areal theaf
t he wave period. 15 According tg a further feature of the presegiﬁ, .

i nvention, tfengelized ;M asgariipbhetsSugt pHangementslgaya iittle ermo dlaxibility goat
| east three tijyve;of fli g(hht r]ec%?.urerm tls der,i ved .f rom successi ve pressure
wave pul ses miaghsx%qlps BRRK \nglv? f\%&dw_ens'&gr&smdi ng to a further

feature of the preggnt it W&RH®E Pééa_efd?rsﬁfgfeﬁ{se%& hBthodd R J&hﬂ&t&gﬁé&ﬁﬁg;

cal cul ated by geonetrical extrapolation fromat |east two previous tine-
flight nmegsunerftibas imdidtanceicalouldtyd pnetiineagfoflight Measirementsofal sequisice of
polynom al fitting the previous three tine-of flight measurenents. ]
Accor di ng t o palfesrafieepressureuwavefronha tisnemister to megaeiven It arould also b bighly
suppl ementary shift test is perforned,, the step of correcting peing
performed 25 ANpRIAZEANS @imoggif‘pan%’ lpr{ ¥cgelyen SVshelh il Whigly sthe (raimberriof

suppl enment ar {1t t.es | ! der in which a
positive and¥5§eﬁt a‘f’%‘&eﬁ'g%éba{é%ﬁf) (t}ggg{%ﬂrj;g%gﬁegr}é&{é exceeded, or may
include: (a) determining at |east one peak signal anplitude occurring after
a signal amMMm d; and (b) cal cul ati ng whether the
pe)ak si gnal 06+ 16291 PCTI US991~0237 -~~ anplitude
differs fromthat of a corresponding peak signal ;anplitude froma previous
pul se by lfore t harfhg pressnany@Hionds dprogessingAlgerithm forrulrasamd imeafetlight
the present iaventiogn, the transmtter,is assqgi at%(il?ﬂ'th a draw ng

i npl enent  whi o iz;:my&b%gs,é'mgpqﬁyg qxngw.ql%nggpc ang ng operative
contact between tf)fcc%}e:wgnﬂ) R hieRtgs 0Tt SiesEMCRvehtion SRENEIRC Briiddy! §€s

being initiated in respofnse to identification of the operative contact, the
met hod f ur t henethodpfors tragkingntvaniations tinadstanesi Bn calculiteds Goue nimeast-flightes
for a given delay period, typically at | east _ about 'h second, after the
contact swi t aneasiremaets of aosaquenckod Rultesopk Papressureomayet ossallation from a

preserve . the state_ of. 10 synchrgnous eration ting interm.ttent contact.
There 1 5 141 soapPEi e Ariesilitn B irorhe Mlverelléionaying s it Wb Bl
a system for aﬂﬂoﬁ%g@ﬁoaj mé‘%étﬁkfnpkﬂﬁ:?ﬁ@ﬁxg@”(ﬂ) feh8ffhY & s@tdBf!synchronous
correspondi ng to a sequence of pul ses Of a pressure “waVe oscillafion

recei ved by apemtionvby odlbtainiagkatvleastatwo nime+ofdlight imenserdments oddratedd ffonom

time-of flight nmeasurenents of the 15 pul ses, the pressure wave oscillation
havi ng a gi vERCSISHNE e REISSUESH VS, US| Bdich ratislys igiwen oFyRCNEGTHEIY ( Gyteria;
signal procesgsor far .orocessing lhe reseived signal 1o derive a f.ective
hme-of arri V8 mesRogBERuETr R tB-SERRN RirSumRe S 3T  Spitiarie
si gnal pnpceFHight Heabintniéht WHithevAiRisSy 4P Mdst HabldoF &l Shdveeparibd ol a
flight for each %ul se fromthe timng informati on and the effective tine-of
arrival; 20 (pr¢dietedtimerod+flight valae aticolatebffuinea aamber af preceding titne-aftflighg
nodul e and configured to analyze the tinmes-of flight to identify a state of

synchronous dReasiramaents{s) idantifxmgta sl facter semesponging to an mipge pultiple of
satisfy predefined synchronigity, criteria; .a noni toring nodul e

2500 at o wibhWaKe PER Y Whie e S Ree b RiSheTeRr iR SRt hSeqmeeted
tinme-of flight Jied t Omk Il ' i i

measur enent \?\gi ch @zLiHr I%ggr@ %dat?mreastlghg@ag‘?mﬁﬁgi &gﬁgkpﬁpg{jh?ifl o%jg]e wave
predi ct e@5t i fperiodl frbingtte preidicted Aimerbfiflightf vahie;cand (dedortdctipgethe ddis@nté meof
flight neasurements; (e) a shift factor nodule associated with the ]
nmoni t ori ng nsalgudatedh dramothe ghifted tmeicddlight measurniment bache preduat xftba shify
to an integer. nultiple of the wave gerioc%hby whi ch the shifted time-of
f1ight neasurf@%ﬁgmﬁmqprgssure wave wavelength.




2 8 F E B 2003 WO 00/ 16291 PCT/ US99/ 30237 be corrected to obhag
r.corrected tine-of flight neasurenment falling within half of ?%WV@/JDB%I’I od
fromthe predicted tinme-of flight value; and (f) a correction nodule

assoei at ed Widlodifgenat i M ng nodul e and configured to correct ther/gispasse D
""calculated fromthe shifted tinme-of flight neasurenent by the product of
the shift 5 factor and the pressure wave wavel ength. According to a further
feature of the pr ¥ [ t i iCi L 1eId:

nel ude that, for FePng Y83 Kither fRFRE Dtht TRCechy VARG Mh 1A oF Hidhe
cal cul at ed f paserehients area neledby aatedhniguei cehffgueed 36iidentdiyl 8 predetermined
respectively, a difference between the first and the second tine-of flight
10 neasur enepoint avithim adiycles seehcas hetdentifying @ finstzere cgessinghef a i¢aetvad signaf
flight rreasurﬁrre ts.are both Igscg t han ttg‘(gl fhg@{j the wave period, or that at

| east three BHfE S¥3qa§h?5ﬁ’é‘§§? Aghyen theesholdivalpem successi ve pressure
wave pul ses vary Lall i i Jur t ur e of
the pres eﬁt i nvenﬂgﬁgﬂglggﬁ ig“{fne}llle pg?%tléﬁe’esgg‘?ﬁeiépésgﬁtcfgﬁffe ?tdé}rlj’e% Qﬁ %ﬂ‘f‘ﬁ@m@& a
pr edet er ni negligiméasitdhibnt for LR (RS shife fRkdCEider8s i predéteAhinieddhaxitith
point typically corresponds to a first zero crossing of a recelved signa
after the si valak, typicallyoddelssahan 3j sehsdabdebhol d val ue. According to a

further feature of the present jnvention, the signal processor perforns at
| east one suppl erdfeending t pdurther feafyre af 3he oresesh invsatips, thei ¢pjrented time-

configured tofgorrect t he distance D sel ecti velly i.n r?efﬂo e to the

suppl enent ar §* Hett migqsurement is qridloy WS hOFge sdé Aul 15%3 mepsyrgRent for
ich a Si fHe\ p”‘@fjm i i i L hr es l%ﬁ?é?ﬁ'ded’ or

\Arrgy i ncl Itj(ge: fH(e as?‘e det e?&ﬁﬁﬁﬁ%bgﬁoﬁgg(g? hg@%%i%ﬁg}xgﬁafﬁg%ﬁ@% % occurring

after a signal anAtédrdileg ttor esfuather i featreceflatle piederftb invonkion] ahé ngawhaither

the peak signal anplitude differs fromthat 25 of a correspondi ng peak

si gnal anpl i $ymgbranogsm eperation ogsidsntified bhy nebtaining ratalesste dlavee ntither of-flight
According to a further feature of the present invention, the m)'{litorin,%
nodul e cal cu‘l“&?%gcrf‘ﬁ’étspé%e t %I“tsf“ﬁ%‘?ség’efl?’reﬁwe mva@lﬁiﬁsgftewéw gYcessive
extrapol ati ogy, %_r 1y ; P i R enents, and
typical ly, b;/ &r@‘%t t@%ﬁgg@gﬁm&r\@ggﬁ%gg?ﬁpgﬁo“a g%%ggggﬁagxt rapol ati on
of a seckhd or derApedrdiisgritel af furfhengfeahe pof the uprekérite tnvientionOfthé | stafet of
measurenents. There is al so provjded according to the teachings of the
present i nvehychronoyst eparation tisridgatified byrohiaming tat least thuem fime-of-flight
digitizing operative strokes,of. a hand 5 .held draw ng .inplenment..1he

it wi g 1 ol BREEEHENE SRR o ol A CWiheSiiF A PRt (e TRESH iuisht resey
devi ce corrprglﬁ,isﬁgﬁaﬁg)in@ahﬁusi ng with an aperture, the housing being
configured for receiving a portion of the body of the draw ng inpl enent
with its operati vacéorgimpxtoen dontigert featung lof tthe pegsent inventidi,) the predicted time-
normal | y-cl osed switch depl oyed so as to be opened_ by relative novenent

. .daep . . ;
bet ween he ofrBighhyalueds ealenlatediby geompticabexranplation fromy leattwpmsevions
applied to the opet.atjve tip. and (c)_a pri spring depl ayed to bias the
drawi ng i npl SREHE 1§f1g MR r"éF%sé"{(i Bﬁefgwlbgﬂ’hﬁhe%@og@&qn?ﬂ%%s%qoggeax_-dser
According t : s SRl ' ere is also
provi ded a ?@ecg%%%%fré;?{suaf#? %ﬁﬁakgﬁﬂt‘%ﬁg{r{ﬁ?%gtﬂf)gl:ﬁ\rérggéléuggﬁ#\tg depl oyed to
act upon 15 the dhesurdihg no! 2nfanther nfeature asivaliel pteseatt invention,aat tleastuspend

the drawi ng inplenent within the housing. Accordijgg to a further feature of
the present supplemendary shidi destsis gperéorpaslyi the dastep cafncerreetipge beingnperformed

associ at wtht primar r,i ng and pr.ovidi. an abut ment surface

confi gured t%ﬁeﬁtﬁvgﬁ' 'g rFé%?r}lséigﬂEﬁgWEerﬁgmg"ﬁaﬁtenent centrally 20 within
t he housi ng. Therf.d i j o, 4 j

prosent i nvent i ort " uEPRCRERY SHEELRP iRk b uBitninr Bh Wit bt o,
of a pul sed pus@velamd W@a_ﬁve@@nal amplith@a direshifdd dréreRededed; of Rfaysihads:
conprising a plurality of interconnected nodul ar receiver units, each of

-t he nodul ar (agdeﬁemainiugi ats least | onti qpak ( signal mmeplstude o&cundug aflereiav signal
configured to convert a_received pressure-wave sjgnal into an electrical
signal; (b) amphigds) %@%@ﬁ%re@gg sl (\mmcvl@gnsr shsthes- thgypedhe signAdr |
and configured to process the electrical signal to generate a detection
out put indicative of reception of a pulse of the pul sed pressure-wave
signal; (c) a timng nodul e associated wsth the signal processor and

responsive to the detection output 6 2 8 FEB 2003 WD 00/ 16291
PCT/ US99/ 20- 237




and an externally supplied synchronization input to neasure a t;fﬁ%m
“-flight of the pulse; and (d) an output nodul e associ at ed witd & [ 319_
nodul e and configured to output data related to the time-of flight.
~According towobefeater feature of the present invention, the ptwusbsirgesvé-5
I nt erconnected nodul ar receiver units are interconnected by a common’ dat a,

| ine, the output nodul e of each of the nodul ar receiver units being
configured tagnplitads differs FonadRat bf%@fonfcﬁ?@ﬁdiﬁg @k §ighsbahipiude dvemt hal
transm ssion of the output data by all of the nodul ar receiver units al ong
t he common datwious palseBiy mbreDh&CRIfPEdciihedralidE DRAW NGS 10 The invention is
herein descri bed, by way of exanple only, with reference to_the . .
acconpanyi ng dr avhefgsdingnier aifprthen teature] of theyprasentr iInyentianothegtrangpiter is

L S L A B3 1 Y

ul trasoud g} : | ' ' (Yaley '
whi oh 5 Phr SAMEyIRIBRHOE RARCTTCOWAP MO b lihe MIERER0 i) LoROKE 4P, |
a plot of dissfaerve @Dpultes belnpeiditiatedUin sponse wli@mifichﬁt:ﬁtdfaﬂieggp@aﬁbé st
aspect of an algorithmaccording to the present invention, 20 FIGS. 4A and
4B are pl ot sovfact)the anethod furithpradompmding ¢outingiagrisansmisston of thensequegce i ng
of two pulses_illustratin ositive and negative, threshold

t he use of .a
t echni que aw&eaifﬁgatgévqmgelgy @5@93, typically; 3 east|about ¥ segand.safter the goptact of

ul trasound sj I, anmpl i e. | t] r Loy f t her
pul ses ill ugpg{;@i ]??gngealsé‘??%éﬁ@%tgzt;mt e ?ti‘g%ﬁ‘it”ﬂggbgqg agéf) &??&F‘é‘é@é@ﬁ%o B
enpl oyi B PYYKCKBRbLS HpGaHl6h %ﬁﬁhg%teﬁhﬁte@ntbénﬁc@' ock diagramof a receiver
nodul e froma system ‘constructed and operative according to the teachings
of the present i fhent isoalso providediaddonding to the 8edehings oTGRE pyeséfit vehidA] a
PCT/ US99T20~37' ~ variations in,a distance D calculated fromtinme-qf flight
measur enent Sysenpfasproeessingiempig Bdermatiqn and pgegeipedysignal eqresponding toyagt em
i ncluding a nurrbereqtkf t.he dul es of Fiv?ure. &’ and 5 Fé% 8 .is.a stchg.maﬁi C
cross- sect i SAAYERFE Rﬂ?%gﬁa PIEUFR WavE gscliionrectisrd By, & Fegeivsf o trac

operative acaahfbhd ih % diGalRaPNcARAIAd tf‘?@rnp{iﬁﬁe@{tﬂiﬁm’%kﬁs%gaméﬂfs YfGheM th

a systemfor digitizing operative strokes of a hand-held draw ng | npl enent.
DESCRI PTH ONpoksesHhe firessuniRriavE dscilatibivfavitg dlgiven eaeelengthvand ivave iperiod,
processing algorithmfor an ultrasound tinme-of flight digitizer system and
a cor r espondhe8ysicnst comprising:i (3) aignah papesssox fari pregessing; the|receixed sigaab te or

encodi ng i nfor.mation.in. an.electro etic,synchronization signal. Th

o nci ples SRHVE 3 Ste i oimerd-APLRERE. ek ptiv 3] o Rl mdi agsopiied
accordi ng t QuitiehePs ERS ProbeLs6r) the !i‘inﬁﬁg hehhe Hedg é\ﬂﬁfg\ﬁéﬂ’@&' détive arhergince
to the drawi ngs and™t he acconpanyi ng descri ption.

flight for each pulse from the timing information and the effective time-of-arrival;

v—

) 20 (c)a synchronous operation module associated with the timing module and
configured to analyze the times-of-flight to identify a state of synchronous
operation when at least two successive pressure wave pulses satisfy predefined
synchronicity criteria; (d) a monitoring module associated with the timing module
and configured to monitor successive time-of-flight measurements to identify a

25  shifted time-of-flight measurement which varies by at least half of the wave period
from a predicted time-of-flight value calculated from a number of preceding time-
of-flight measurements; (e) a shift factor module associated with the monitoring
module and configured to identify a shift factor corresponding to an integer

multiple of the wave period by which the shifted time-of-flight measurement must



Before turning to the techni ques and systens of the present in e&té on, it
_shoul d be noted that the present invention is applicable to ané ith B t208%
wheré distance froma transmitter to a receiver is neasured by the time-of
flight of a ure-wave pulse. In a mninml case, this ,
"single transﬁ?’t@é?ﬁﬁecei ver pair. Typically, however, such systens. éprp7oy
at least two receivers for twodi nensional nmeasurenent, or at |east three
receivers f,0 ' ' . j . |

trans ¢ er® syt SLEGAR £ RBueARATMEDR Mg b ahRahin Sallingd WhlPhAf of

t echni ques @t WQGe';BEdeH iffin F e ap R ARItedRIhE6fIHighl YaRRS! 41l £D Plcofle8fidh S
recei ved by one receiver originating fromone transmtter whi'ch may be
appl i ed t o raogulerasssoiatetavith drecimarg madulevaridéonfigneedicstmmect Red distaneg Mow
to the drawings, Figures 1 and 2 show_ the begi nnings of two ultrasound

pul ses as tdadculatetlifromethg sbiftedotime-ofellighty meggutement Ry the piradwpidhe shift, 8
2 8 FEB 20% e MO’ 16291 PCTI USQ9~2023"'1 a fixed anplitude threshold
may be excdd6iorag PIESS e Y aMeeV YTt ¥ Ages of the pul se anplitude  —
envel ope. In the 0 r e is ' he
second cycl e of %ﬁeﬁgﬁlggééimn%}gﬁr gea ,Ijgb(ﬁit %ﬁ%@%ﬂtﬂﬁ\é@)ﬁ(ﬁ?ﬁﬁ%y@@%@ﬁe he
pul se in FigueRroficify adiftefia oimeludet @ean foy cliss, secdhdaandheind f imersflight 9i ve
rise to 5 significant discontinuities or "junps" in the nmeasured distance.
To addr ess méassrgments ecalculatedp freperat firsty ensecomdpoand i aldbird suecessive pulse,
tracking variations in distance cal culated fromtine-o i

nmeasur gnentr§sRﬁ°tlae]§’eqﬂeﬁé ergpce, betweeny the @éﬁﬂﬁ Wﬁvécg@f&? : ﬁ‘gtﬁq}crﬂiﬁhém a
dane 1 19 ngnbfuPabES il » JiftcRENE Brab el The, <risnd bl e Py BRE ot liett o

time-of flig8lcpEachlsPEBbh B8 thif half dTThe WARTRHGE, BF fint B RaVAkfedtitnees
sati sfying sonme predefined synchronicity criteria. tne preferred set of

synchr oni cidfyflight t mmeasurementsatdeaved efretn tsuceessivienpredsufd iwgine rerdsasr eaept s
derived from successive E)ressure wave pul ses for which successive tine-of
f1ight measubstapHaldly inesrlby | ess than half of the wave period k. Thus, 15

referring to Figure the £inLst & e flight neasure t .20 .taken at t,
o sed Lo def i Abepritngtd % ey Sl &t etk PRASYIGRLB sifdel R EEBsL
ti me- ofy sf | i;9Rbn B8 TBMtIfF% predétérmmelRANCHTRA £6yd10 ab thS effSdtBR tiheen
two successive neasurenents each fall within this range fromthe previous
readi ngs, tdfearsyal éfhispeintt fypically ctaféspenids to hefirsy zetr crossing $f0a received

Parenthetically, it shquld_be noted that these criteria for synchronous
oper at i on éﬂ@%@ﬁpﬁﬁ*ﬁ%ﬁ%@ﬂ@ﬁémqﬁ‘eééﬂm gshald ¥plysi ve. Thus, for

exanple, it may pe i red it erd 1
-alternative cri t‘lg(rxiog&g]!gstg “‘dg‘ﬁ*ﬁ“’ﬁg@@g‘rﬁ‘% r§§e§85+%eglg i g‘t :H%){gnﬁ.bl1 @ﬁﬁrgg%ssor
exanpl e, | igeefrmsaht dbasiNomd spPlerienttdtlye Shifti G6RS The Ecoifdtishefivdute BRingde
consi der ed 'synchronous operation even though 25 the change in D may exceed
+§/ 2 b@0weeonfigasu toreortrsct the tdistaneet Br sehectsiehy n cesposso pre thet supplersentasssi ve
time-of flight neasurenents are nitored.to ider?i}ei fy the first time-of

flight meastHEdestt test A dckede detepnming ncondeh A IVRICR A PoUHVE iand- 3¢

reasur ementeiih Hifar Bl RAOR off oieBREl'otndy SRRl (s} Bbrmipjoe
001 16291 PGTABIYFAOARR sighal SRR b a3 eriPaFIAS redIO G5!

at t4. The predicted tine-o I ght value may be cal culated in a nunber of
ways. Pref exxabtded; tand (bakalehhutingrwhethemthedpeak sigoa camaplitudeldiffetsr frpml thiat on
fromat |east two previous distance neasurenents. In one particularly

ef fect i2e i0fA EnEAsRANdIRE ek stsnal apwlifudefrom aprextpus pulse by greresthgnger
pol ynom al fi%%fi nq%fthe previous three tinme-of flight nmeasurenents. The

met hod t he P PHEMGHTREQ 2 shift factor corresponding to an integer nultiple
of the wave peri I.C ! AT |: 3 : rA8ERbring St
be corrected to }g%’tdg?ﬁ%a@gr &%ﬁd@ﬁ%ﬁ Ttl}ﬁa%{en{néggﬁ%dﬁgﬁ?é'frgl I nrglgglr@’pl

wi t hi n hal fmedulehalovixes nké ippediétedrirmbofdlighe dalng By geomeétridal gkfrapolation
measurenment. In this 10 case, a shift factor of -1 is required. D stance D,
cal cul at ed freromat hleastitimoe previess ofimictofgflightre measwrements, i and hiypicablys ey ed
by the product of the shift factor and the pressure wave wavel ength to map
shifted tinme-of flight neasurenent 26 to corrected nmeasurenent 28. An
assunption is normally nade that subseqggent measurenents should al so be
corrected by the sane shift factor until a new 15 msmatch to the predicted
val ue is encountered. Clearly, the shift factor used in this nmethod should
be limted to sone




reasonabl e value. It is nmuch nore likely that a sudden unpredicted change
.in nmeasured distance of nultiple wavel engths origi nates fronlgppan
interference or a nonentary nalfunction than fromnultiple shiffs ﬁ ?MB-
cycl e of det i O Typically, a variation of only one, or ,ﬁgﬁ- o)
‘cycl es betmegﬁﬁh@p%g ions woul d be expected. It should be notggﬁ} atb?ﬁ%
corrected value 28 is then used in the prediction of the subsequent ti ne-of

flight value,,The. i.nitial i i t it f or, .as
used for t herasiebbh R ui gt ity Rirolal BEPHE e Bt FATILRE fibnesBE bPen
subsequent R RQURHh&RL! Y-corrected neasurenment 32 cal cul ated using the sane
shift factor I1es nore than half a wavelength fromthe predicted val ue, a
reverse shift fadhere ¥¥ also peovided ateordiviguorthe heachitgs wiahe preseat fvention, a
predi cted value 30. Conceptually, this nethod provides a particularly

si mpl e sol utttapsmitten dayies Ehlm%ﬁh @i systgm fondigitigangigpenative stiokies iof ashand-

bet ween gycl ef af detection. 10 2 8. FE8 2003 V\g Q0/ 16291 PCT/ US99I 20- 237
Assuni ng >t hdeld Aevpasigplenenk dhe grawing mplement brung 4 bady ppd;am pperative

di st ances e < WAy S | - ¢/ J i S
of k/2is gq %f %%g%ﬁ%gﬂ%egﬂcgﬁ&tﬁdﬁpg&lﬁga@g iatel? %‘ﬁﬁ‘ﬁ?@eﬁ 3@%%%})6]#@8@%5% on
has occurr etejrlgconfigiered! for r@éﬁivi@tagfbrﬁ@ﬁ fofCthe Bod9T of W drdWwing irApRmMdad
each step within the required range fromthe previous measurenent shoul d
provi de a covifii H#s ®psmitivei tinextending thraighethe dpertorgdb) amormailyaclosed switthons
such as extrene acceleration of the transmtter unit may | ead to, m staken
correct i ons deployed 5@ asde bsopened by relafive movement bﬁme@éﬁetd@awyw implementch

bl i , Wi || d i bed. Th [ .S to th t
Pent 1 R + 858 0F kit srselie Aor BERE mplisd oo oot Tt AR (ERS
{ Ces. Ei o ot . i T
ot oot on: pPaTAy sprink SoRA1d BIATNE UL RnpletRr 1§ FHGIMird Fositith in
nmeasur enent syhifetwsibigch Bclosedal t ernati ve, or preferably at the sanme tine,

the "correction” of neasurenents based on the prinmary algorithm described
above may be nmadAcserdingi thal 1§ fhribe present inventiophdhere is also
suppl enentary shift test, 15 desiqgned to vepify.the correcgtion. .Wth respect
o ot andar d PRIt A SHECAAEY FPFDEs; rkes fnar e by iings GEpioyed i agt kpo
flight as Ji bl 0 at RGrwads altkctidly 88t 4L %o HE fy smade
by a tegﬁni gffgqgon?llgg&?g%o i eﬁtllté y a pre cetlt"Sel'}r/mBnéled pgﬁlr nPB{V\(n?tﬁlé?\@g%(l: | e.
The si npl esimplesietitvichiafthé hossiagrt is to identify a first zero crossing of
the received 20 signal after the signal has exceeded a given threshold

val ue. Wth respdecording uispiae faxtherr Jeatwner of tthet presentninisatiops theessiip|also
appr oaches exi st..each. of ich e used Qne. or in _conbination. Wwith
ot hero. A 1 Propoed B Rine e blnl Bog ety S dF ey A Pl PP i
4B. Fi gur e 4puisheiSuffasé 66¥igdred W0aliPn @ refsédd Sthk Wi fnflenicht @¥reated
inthe first-cycle at 25 pornt 42 whereas Figure 4B shows exceedance in the
s¢cond 2@cl evithin des bdusidg. These two cases are preferably distinguished
according to the’rgrées_ent i nvention by ,addilgﬁ a correspondi ng negative
threshol d 46 andThereisralsn prpvadedrcrsrding tohe teachingp efithe peesantinveation, a

i i | L : hal.d ded. T in Fi 4/
Do i v ¢ hfar e i VinedE BOGGB B pdgRRFCEr o R ardsies”VaSe Henah
F E B 2003 . -~ i D4F 7 '

48, on the o RorTang> Sleisid, e iy cqRbRERETY dblity Nl hrcbcd e
Thi's sw t chnmdular nieceiveenning atle of tHeanodslar rebedak units imdhdiage (@ngpressure-

detection cycle has _occurred. Figures 5A and 5B, on the other hand, show
that th?% | 3avearssetise heanfigweed doscomieriafanegesiveds prassanet wawsp sagnalc witp yan

L, oA SHREG T S e Rl ol DR SRS
detecti I | i t I i 94 th
det ot o0 Shaf it ) DI S LGoA) ESERR B ool

signal. 10 FiiesttecsfrdcRpion 0¥l if15é B8 thepuRBd PréRhRAWave sighal O(c)fdufiinhes
refinenment of, the order-based algorithm of Figures 4A and 4B, the at |east

one suppl emeriduly asdoicidted edth thesigrald ipkgcdssal amerespaistveriontiregdetectiemeottpuhe
peak signal anplitude occurring after a signal anplitude threshold is
exceeded and conparing this peak anplitude with a correspondi ng anplitude
fromthe previous detection. Thus, 15 tgking Figures 5A and 5B as
detections of successive pul ses, the peak signal anplitudes neasured after
detection A) and A2, respectively, are relatively close in magnitude. In

t he successive pul ses of Figures 4A and 4B, on the other hand, the second
peak anplitude A2 is significantly greater than A . Thus, a ratio above a
gi ven predefined val ue between peak anplitude neasurenents from successive

. o, o o - N




criteria of positive-negative threshold exceedance reversal an Ing{H ficant
.variation in peak anplitude after detection, used together, magaz 4803
particularly robust confirmation algorithmfor suspected detection cycle
transitions. whbsieasy Nnow to Figure 6, it will be appreciated poausIInE23?

"al gorithns descri bed 25 above nmay be inplenented in a wide range of ways.
The system of the invention is typically nade up froma nunber of nodul es,
each of whi ghd ERexbamblpseppliddsnchrenindtith PR Meadre aimdudRighnof e

sof tware nodul es, which are software prograns performng the functions of

t he syst em pslsdpsnd {dean tatpotvmotintesasseciatedawith thel timisg saxdnlel abd canifigueed i n
a suitabl e progranm ng | anguage,. such as C 12 .2 8 FEB 2003 WD 00116291
PCT/ US991 20Boutput éﬂia,feWﬁC&ﬁ’ t?lﬁ taggrekdligte with the operating system of the

conput er on which these dul es, ar ei ng.run. The, exact. sel ecti,on,Qf such
a programming | a%‘tﬁﬁg "%ggl Y @QQH eag'grengﬁéﬂ%yrgsfqgt d’f’v?ﬂqﬂnna{ﬁﬁ %]Efqlﬁyi ﬁPt he
art. Hergi ngfitRlnnbded iddilac AR units rt YkeRoonREdtell by P cohinibh WHtd Bine,
personal conputers (PC) having an 5 operating system stch as DGCS, -

W ndowsTM (e 2alphuer mbidulex of Macki oft tiseh Riodudarnpacedies ; urisnbeibgr sonfigired to
JAVATM CS as the operating system and graphical workstations such as the
conput ers opraiide M esssage ttaggerT lungtignSfari wiggeing segeential teangmissien of the
conput ers havj ng ,so ver si.on of, the UN X operati system guch. as Al X or
SaUAR ST avtoR ot A E e mdiag Feceiust RS Altadin chpmeR Iapdinean! ¢
operating system as well as any other suitable conbination of

conput ati onal hardware and an operating system Hereinafter, the term

"W ndows TM' BRAEF RESCRIPT gF THEDRZ @bndows95TM W ndows 3. xTM i n
which "x" is an integer such as "1 ", Wndows NIT"', Wndows98TM W ndows
CETM antld any newTbe inpentimaieis hereini dassnibéd, theway afexatriple onlps tveith reference

Mcrosoft 15 Inc. (Seattle, Washington, USA), as well as any other
operating sistheRccompanyingskawingspWherein:aqdi ti on, the nodul es coul d be

| ol emented as hagawg o ol e i s BuEPBENAL LARIRLINEANSY Gl dpOfifner &

known as "firnmar I'ncludes softwar® programm ng®instruc ur nt
onto a ROM bésiaflingbba PRIRN WHith R thresRO1d\a ek Sstde@ dutring I188¢ohETYeRY of{HRO
i nclude volatile or non-volatile nmenory or other storage device$S of any
kind as reqpulsed. The precise inplenentation could easily be perfornmed by
one of ordinary %ki 1. in the art. In any case, the nodul es are. des ri&%d

e

herei n Rcordi ngFl@- 2uisd ot ofhultraspund signal; spplitidshpgapst yne o,
entities. 2f. l).n._Qne rii 1. t ' ' be
1 ust r ai eabsinfiiCo 8 Py hin e HRRRATHY Sl BRe TR 4 BiONERS, ¥ dne 2
nunber of npglgear receiver units 100 which can be connected together in a
series of any required length to cover a given area. Typically at |least two
units are used, HHKQ. prieaqlabof distanceagainsbtime far suasesaivequlsasnillustrating a
advant ageoug to use an_eyen. unber af units 13 .2 8 F E B 2003 WO

0P/ 16291 PCHFSLa8ReCc} of A plgorit coyans 10 theRIesq IMEIONy i t s are optimal |y

0p/ 16291 PCH: 3 igon o . |
of "t ha 20 e, Nor EIGSCRAHH, #pCirE picts of acdild G or Bl BRREHERERY, U0,

unit 100 i sthedgisiihg @ftwotpudsds ilastiaingome use ofl aGositpiehdhegativs thiesholdr om
time-of flight measur enents of pressure-wave pul ses according to the

t echni ques tschniquemcesmdmg tonthepressnt issotiohed above. Thus, receiver unit
100 Mo 3 9na EACERSRt, M iR oS Sl b S
ST el has. BicBedfate of Do FieChiRE Mhdents { R faRnl off erREhaBbbRE, "

Figar&y 4AlanddB gﬂ,&,]@gfgpgm gﬁpjiﬁg{edé@@ctﬁ)fng ective tinme-of arrival

i QNG S

derivesps tF
and pul se timng information, erably derived froma timng input 105
typi cal |y origi nElGr@isfa biockndiagfanmioéa veeeiwey eoduld érom aesysfent,| ¢caistrucieldues
are then processed by a synchronqus operation nodule 106, a nonitoring
modul e 108, ard operativicaaecordingdte thel i@chings ofc ther preseaininvsatipn, fap tragkiagj ust
for junps due to changes in 15 detection cycle. Specifically, synchronous
operation nodule 106 anal yses the



times-of flight to identify a state of synchronous operation,_ and
.monitoring nodule 108 nonitors successive tinme-of flight meaﬁJBeFrEBtgﬂ(]Bo
identify a shifted tine-of flight neasurenents. Shift factor nodule 110 ~°
then identifi i ft factor corresponding to an integer nulddi®oBbabbe
“wave period b‘?}a\xﬁféﬁithe shifted tinme 20 of flight measurenent nust. %e N
corrected to obtain a corrected tinme-of flight neasurenent falling within

el o e BRSSPl D CoRVRIE o 4 P B BN Sk

any shifted waRpalses] i ght measurenent for which the shift factor exceeds
two, or preferably one. Correction nodule corrects the distance D 25
cal cul at ed from t FEGsRii$ adlodki dragrain oif iaglysteneaxcluding atnuadmorafithe nyodules of
corrected value of Dis then preferably fed back to nonitoring nodule 108
to be used a¥iguse6pandi ous time-of flight measurenent for nonitoring a
subsequent tine-o l ioght neasurenment. 14 . 2 8.F B 2003 WO 00/, 6291.
PCTNSS0120337 W ¢ FGeaRaa CEneans fppeiions, Visy fhrdpgl, € HRBsmRitgedovice,
earlier, the [ i f ¢S )
SondhRIR BhE ogggamb ReGERE % (RS 1d3hing8orhe Mbsehf HFAIRRN, 166

Al ternatively, or additio , a separate supplefmentary’s

114 may be pusyiwiehl. a Teystani fort digitizing opetitive srokaciofoa Rind-Reld \dRawitip t S
100 as nenti oned 5 above, communication of distance neasurenents to an

ext ernal devimoplenemth as a, conputer, is preferably managed by an out put
nodul e 116. Qutput nodul e 116 preferably has input, output and reset
trigger connections for controlling a transm ssion sequence which enables a
|gyge nunber DESCRIPTRON ORTHHPREFER REDEMBODIMENTS nes, as will be
descri bed. Qutput nodule 116 al so provides data 10 out put and optionally
data i nppp ConneCThé’?‘iesefhh'i]NEnﬁ% 09 provesyiBg aftbrithinfo# & HRAS6PRY ¢inld-BH
format such as an RS232 interface. Figure 7 shows schematically how a
nunber of reflgghtaigitizet systéif, and acomtespending systens tIde ihgentiort hlsogprovidedat a
lines 122 and 124. The trigger qutput of each unit is connected to the,
trigger inpusimple teehmagug forgncedingsmfprmgaiaen im gn elestromagneticisynghromgation
("channel 1 s1 blei ng connected to ground. The output froman IR receiver
126 supplied %hg IR sync. line 128 to the IR signal tim ng nodul e 105 of
each unit 100 gengh@ignciples | MACbpéatish: of e s&ékﬁﬁ?%lg&ﬁ%s'&&fté&ﬁﬁ?ﬁ’& to
prime the unit to wai't for the next received pressure-wave pulse and to set
its trighkfer acdopdingtto thhipyésent Afventionamay be befttea upderstoodewth wefexengeato thed

t he cal cul ation .of a 2Q correspondi né; di,stance measurenent, each receiver
unit 100 is eewngusnrdithepcgampapying dssedption.gger i nput goes "low' (i.e.,

ground) and then 1§ L)t i [ n t iat-ely.
-after transm ssi o%?foltré qgg'pgé it{)stﬁf 3?8%‘@@8%1?%%? %tggﬁo{)/\f _ﬂ%ssrzf S%@Eﬂe?{lghb htai n
response i s gfiifd deCHofed that ek pASsent haveiftiont isaAsplicable oS afiftsiuatitntWhRére
triggers transm ssion of the next channel. The external device can readily

2)5 identi f ydistance foamaa domsmitteroto whieckivee i inveasuredi by liye timee-of-dbightodf a
transm ssjon which is dictated by the connecti oris of t,ri?Fger ouf puts and

i nputs il aPxgaSHIe-wyawe Rulse.dma pnimalcase. this eoplddensinglckansmitisrireseivd (o

ground. Additj.onal i thf] i on i.nf.Qol [ Y. . & [ . de i e
data transm éésl?‘oﬁ.bplfgﬁy’ Eog%ﬁérE s&chogé’&% ﬁgﬁ)fggﬁalﬁ%% %%éég—%g%g QrMcF
wi |1 be not eginidiRional emehéuteineh€ GESEl 11BAd Hre¥| fRgiverE dor Sthrbédithahsional
flexibility and sinplicity. Since each receiver unit 100 perforns only its
own fairly sieptwremegtallermatiwvshi, nonudtiplec ransrhittero may thee used ewithl a single
structure of the units is sinple and |low cost to_ inplenent. Furthernorg,
since all retespiver Inanyscasecths techmanessef the inventiangiglate prisnasily taiprpeassiag,

Th d t. f t.h t l.] .ext [ f th t t
(ar e arkus O EBH FESGVEd PYBOR LF HEHORBIARE (O Rop SRR AT I hogY oo

e aras W Tl R P IRER MG
al gor |t SPRLiS TS AP ERARAC QR RE pal AT SRR T LTl T T Ve v od.

the external deviRefefHiig Hdwedosthe Rawimgy) FigiRes 1 anddpgHova thebetinfirlgs oftt@ot he
nunber of receiver units present. Turning finally to Figure 8 this shows a

preferred stuwiixasoursl palses anthei amplitude grows over several cycles. As explained earlier,




device 60 for use with a systemfor digitizing operative strokes of a
.hand- hel d drawi ng inpl enment 62. Transmitter device 60 included BaFE(BUZ' 64
configured for receiving at |least a portion of the body of the draw Q)‘f};

i npl-ement 62xWighAedof S 15 operative tip extending through an agarussseeBs. A
"particular feature of transmtter device 60 is that operative contact of
the drawi ng inplenent tip against a surface is identified by use of a

nor mal |'y- cl gsfigled Wiphtud3 thrmebm%g};'wéxwehe/d Gk %ﬁ@u@ﬂigs{)éht istages et iR

refer to a swtch structure in whi novenent is detected by the breaking
of a circui pulseramplityde emyklapedibyhe hearsplet shown hetehitlse dassholdas rxicbgdedD
closed switch 68 is deployed sg as to be_opened rel ati ve novenen

b t
between dr adiriggithpsesnadicysie ahthenpilse iyFigure ds e PRy inrthmthrdsyiglecofiphe i ed
ol ement - opuish Pl SRRt R S il e i BedhRLGEREASL o

contrastgto I k] ‘flﬁ'ﬁ}?ss i 1 : r a predefined 25
di st ance5 of S@aﬂg‘%ﬁ? hﬁ'ﬁg}n&@é‘ﬁg@ig nor mllﬁ@ﬁggiﬂ#g?\}sﬁﬁebr ovi des i mredt at e
detection of confachddretd thissprdbies, ilic datent i ingeitich Proeideda rmtibodv €or

nmovenent between the draw ng_ I npl enent and t he housi ng: Preferably, a
secondary spackiggManatienk &y distancedl icakenlatebfronytine-of-Hight pheagerements of aupon
drawi ng i npl enment 6% i&ga rearward di rectiq e Ia{% t endi nqtto 16 2 8 FEB
200 WO 00/ 16S9enpeof pulsss 5 23mesgire ¥avegsel Q‘H@P P FaRsmItter e aoiseeYier on
and al i gnnmept 1 Ngs.;70 I Q. P w ng i npl.enent
properly al ?’bﬁ%&er&o {eﬁig%’ 8&?@%"65@??‘3@%@33 %es(?#gt?g!}’&a%nggggﬁg%&’gf‘e
d:)QW' ng10 ”pbgr@ﬂ&ﬁlﬂé &b léaﬁWti?ﬁe-bﬁﬂ%ﬁ NeastirernBits SddAved fom lslBcaikivenger
primary spring 70 ensures that switch returns to 5 its closed state
whenever coptessiref omve pslseotsatipfling dsdnee tpredeffreadatsiynehronizityl celitexvd. ~One

i npl enent 62. In the exanple_shown here, normally-closed switch 68 is

depl oyed i nPecferseebvaat| of caynchromyetty ofritsria ds Hatisathdesst. thasae tiape-obflaght
ordinarily skilled i he wi |l appreciate that alternatiyve .

"ol eent at Psaemynlh Al frobt oo B <hred e Penies BT IS stcssener
posi ti ons, fiﬁfe—&t’iﬁfgh't GnedtBRmMERS Vaty byStess Ahdrt hhiTesf iHeSWave §triodek.UTRuS! |
transmitter device 60 1s a centering él ennent 74, typically associated with
pri mar yl15pr referrifig, tovifiigare By thei st tiare-abflight measurdmes 2D6takbaped, isausetitgn a
rear end of draw ng inplenent 62 centrally wthin_the cylindrical hollow of

housi ng 64. define agasge of /2 bophthe measuwizd nplpepFhespbiequent time-at-Highti ng

64 i ndependent of thei ter. dj ' i ds frigtional t act
et ween t neTRPSRFRERT 73 Bheacis altin RrmfdieR ol AR bk EhER e, ARGV
ot herwi se i He&drem@ntY ¢4EhOREY R4thad tib réNdd fBnPthe PrefidtisaRRhaingdbile B ftem

surface 76 is forned with a tapered projection 78 which, under the "action
of springs @peration #¥2definddstodel fynchranens.ng i n t he axial recess common to the

rear end of nost_nmarker, type. 20, draw ng inBI msgés. W,th,refgard tg t he

cyreuit4y of thepﬂrﬁﬁﬂlfﬁic? ¥r itysheuld; ge snete _tﬁw F$eyh criggTia i 198 SynShrgROs
uiring o nchr ongus r SS| . - WAV

cl act r omagneReraneh EHLRAREE ABRORETy pBRRPy R deftsiler ThEe BT Khemblg AR,

carry addi t hodadirdd oo lérﬁéhtstﬂéébl @SteAR by WloWind Attefladive cpft@ta QfsoQiedined

nore switches. 25 A specific problemin inplenentation of the transmtter
rel ates to ami“symchnomgss ppetation?.cin yonduexamaplby iliataro veriatio eofsDr okes thien
order to avoid wasteful continuous transni ssion, drawi ng inplenments such as
pens or er aSNGCESSIVe measpsemends mayohe sensideed synehionpus eperafiongesRetwughe

cont act, bet ween the. drawi ng_i t and a surface. The sequence of
ul t r asothd ﬁﬁlcg’égg%‘pﬁéﬁyr%ﬁ?‘%a ’ggriﬁcﬂf’?/ﬁ?e‘ﬂe%%’é?‘éf?tée 17 2 8 F E B 2003
WO 00/ 16291 PC Tﬁ?@? r Z%ﬁngﬁvggftiélﬁ%oﬁss f cgﬁ?on, Si ge&eeslileCt kivfe-of-flight

functioning of the present Ion require
measurements are monitored to identify the first time-of-flight measurement to lie

outside the k/2 range from a predicted time-of-flight value calculated from a

number of preceding time-of-flight measurements. In this case, the first so-called



establ i shing "synchronous operation”, the repeated stopping and starting of
the ultrasound transmtter normally caused by short contact ztg(}-lt?s@b ds,
to repeated | oss of synchronicity. 5 To address this problem trars ion
of the sequerﬁg,gog)‘mjggl ses is preferably continued for a given [qigybongsi,09.
"‘typically at least about '/2 second, after the contact sw tch has ceased to
i ndicate the operative contact. In this way the state of synchronous

operation i S« iﬁggrq\gﬁgofl_lﬁi' 9l 5'%1%51?1%}1{’% otOirs 3t 'ﬂ_ﬂEePfetd%tU& .tﬂﬁe-%?—?}]igloabgh

contact switch 1's then conveye e base unit separately, either

a 10 hard- wi ygkieGRayBe calvnlatb@ in Briffnber, ofowaps. Hreferdllly, theacaléulation is based
el ectromagnetic link fromthe transmtter unit to a correspondi ng

el ect romagnebtn @ gesmdtvical extrapolaidmfrony aclkesst, two preyndussdistanbe mheasfirérhents.
pressure-wave signals and of the .el ectromagneti c signal. are, conti nued for
t he del ay pef‘} gre Pﬁ“i"%\ﬁl"ﬂ’ ‘ﬂrge"é‘ﬁﬁr‘mﬂ?%ﬂ’@éfaf‘g&i‘ ﬁé"éb&@@oﬂé%h?ﬁe tQroh seegns
i nt ended pnl o] ve .| as .ex l. and..t hat Ry ot her enbodi nents are
possi bl e %)VI tﬁfci?rlpﬁgné) IP] ﬁ%ﬁF %gpgglispgug “{’}?é°f5ﬁ’28§‘ime"r"ﬂ%'h{$ n. 18 -2 8
" B, 2003 VO 00/ 42 ihelfolNaRH 3iialrATokE Bt EBnkSpondind #HHOthibger

tracking variations in distance D calculated fromtine o

measur enent syitiple sefothenoave fpepioids & byotvhiclp ties shifiedviime-ofsilight ahéasardrment a
transmtter to a receiver, the pressure wave oscillation having a given
wavel engt h amaishhe sopeeteddto etiainng chugcted tne-ofilight mpasurement ?alhgg avishiat e

f h ti by .obt ai ni t | t.t i.ne-of flight )
measur onent SOLALER ¥ GhrPPBneem Hepscedng (Rb@IHIELL PRl fu dhis
e oney <SS R SAFFAGEbELY feikgTReN. Bl e EASTED BLTF Rl b Bhpe-.

by at |east gpflightfmédsareinasg, ibeﬂieﬁ_Cbofrfe@deabﬁ'ﬂ%j%)fdd@dt bf e sHiftf factitandpdtiee
cal cul ated froma nunber of preceding tine-of flight neasurenents; (c)

i denti fyi ng pressuret whuet wavelongths po nuiap gshifted ntimet afgfhightrumeapiirement t26 toave
period by which sajd shifted tipe-of flight neasure t must be cqrrected
to obtain a ‘E‘HF?"é%‘i dResuREneAt ?g:?gﬁ‘ﬂ *’I‘r%‘é{gHP%e‘ﬁtn‘?r&Pr:ﬁB’n@’%ﬁset that suhsequent; he
wave period fr r edi Ghe I40e- (Y] | ue. ( o} Cl.i t he
di stance D c]fg g%qrg{ﬂgagf r?igén\fi éaﬁqa& skElglafc p ];erguteflng&otﬁgf #l“?%%?s ﬂ?r%afs%trogn‘éél %yH?We

product 1 Smiisinstohté tHepredict@hvalubes eicvunteredvave wavel ength. 2. The
met hod of claim1, wherein the tine-of f||%|‘;£ measurenents are nmade by a
this

t echni que conf i guClkearlyo thelshift ffactar pised emethis neethpdishiould tiei himatedytol some.
The met hod of claim 2, wherein the time.of flight surenents are nmade by
i dentifying ’_293?‘? e yalus- Fd§§PH|E}‘ dporg ]r‘g?:]é(i (}@g &8 n 4pp ’Ctt?Fg B&&IMhas
exceeded a %?%Qﬁxrgg' El%zMechF/hrggﬂﬁyrle mvelea§ﬁlsr%rfﬁiﬁatg9 %J\Q&Pd 11:}?%? ence or a

PCT/ US99l Z0 e ne clarm er conprising disregarding

a shifted timentntdryi falfuieesRr aRNfrold rmullipld shiftsl inhtHel cyolet of detecipols a
predet er mi ned maxi num val ue. 5. The nethod of claim4, wherein said

pyedet erdd nelypisallynmvaridtion ofsonlyone; drat Boststwd kyclee betveeenfdet¢ctions would
wher ei n sai glilé:orrect ed tine-of flight neasurenent is enployed as a previous
time-of fli CXRELIS enent for said step of nonitoring perforned on a

subsequent ti me- of ¢fbhigHY d'that'Hh ;cr?{llje]pltcy(;@%ggggqgiﬂén ﬁéngi ml tlxg sl%‘i[@ﬁ?ﬁioﬂ

state of synchronous oper% ron s i obtai ni'ng ree
time-of fli %ﬂtb@%@ﬁ&b’c@@ﬁﬂﬁﬁled@ﬁﬂ vhIve'The GAtiAP taleulatien Siilleassame the kame

foT which successive tine-of flight nmeasurenents vary by |ess than half of
t he wave pershoft.factor as used for the previous measurement. If, however, as shown here, the
25 subsequent automatically-corrected measurement 32 calculated using the same
shift factor lies more than half a wavelength from the predicted value, a reverse
shift factor will be used to return the measurement to the predicted value 30.
Conceptually, this method provides a particularly simple solution to the

problem of discontinuities due to transitions between cycles of detection.
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8. The method of claim1l1l, wherein state of synchronous operat :éa EE
identified by obtaining at |east three time-of flight neasure<edtEt8e2ilded
from successive pressure wave pul ses which vary substantially linearly. 9.
The Tret hod owab@ieédrl, wherein said predicted tinme-of flight pet/usIsD237
‘cal cul ated by geonetrical extrapolation fromat |east two previous-tine-of
flight measurements. 10. The nmethod of claim1, wherein said predicted
tinme-of fliglkbuiigthat shepériod Bétadehputet ﬁﬁﬂﬂ'ﬁ%ﬁdnﬂg sPhalPtiae aitshces dedved
polynom al fitting the previous three tine-of flight measurenents. 20 2 8
F E B 2003 WevadehlpaBes RO NDIOy24a37thes. k/2ha potpad efcess aifnk/2, isf arstivarg
conprising performng at | east gne suppl %ment ary shift test, said step of
correcting Blieafiqnetirag arigansdiane between Pycles e sirdeadion; bassegpreedo bn ermainley
shift test. 12..The neth ofe ¢l 2i-m 11, rein,said at. .l east one

suppl ement aF\}mEFﬁT’the ‘foé?th'gﬁccffusglgg JHev rtﬂ'n\'ﬁﬁgge %Fﬁé’yltﬁlnﬁet&/ﬁirﬁﬂmée%ﬁas‘}&q ve
and a negat ki fciSIRYicHRhddstindlSAEIR oPide £ Iton 1 of
claim11, \Aﬁg?helﬂin sai] at | east oneS sup Igment ary sh?eggfotegl%@ngl uggrs%gn'( a)
det er mi ni nghiprdcties] certsinpimbitiongnidh asrpkirémeeacoelerstionndf thet @Ansmittes akt
anplitude threshold is exceeded, _and\;b) cal cul ati ng whet her said peak

si gnal anpl maydead ite mistaken sertertionsofV anaisr iediopmettsrarepuaferably mabvided! tot ude
froma previoys pulse b re.than a predefined ratiao. 14. The met hod of
claim 1, V\hé?agi"ﬁ‘ ﬁ@%?‘é’hﬂ%‘?‘f%ﬁm% aae@aw@a%mr}bcgidr awi ng i npl ement

whi ch incl udes a I t | I fying, O ' t,, bet ween
the draw ng i npl rgﬁrg ﬁ%ﬂgﬁaéﬁfss@m’ égg?sl?eg ﬁzﬁ g%%{l?g' ntgefzf(;c{ré‘%yiﬁgoé)g&ﬂ% %geq’ﬁgtype
intiatpgl | mayasPaitsdvidediifRwd capbres. Firstlyl dtepParatdken to¥Mmiatdizé Bad

met hod further conprising continuing transm Ssion of the sequence of pul ses
for a gi venstdeilizg ther deidctidén qroeessd therabpatedeomgcthehpropoetier dbft enomdiouat e

sai d operative contact so as to preserve said state_of synchronous
oper ati on JdUWCAHTCMSNES: ecordly, @samalternatve,Tae preferabdy Gt BE SameL imeyrtbeei n

said given del Depi i | eas out . n 16, A.sSys or
processi ng tC%ﬁSBﬁnf"g?ﬁ%? ?%%macﬁ% gas‘;égchlﬂ V‘Eé%’s’.ﬁ’g%& %%P?B?p%%%f'hgﬂ ox¢
sequence of maylbeafHadd c&:difi@ﬁzﬂﬂfp%n%‘{ﬁ)rﬁﬁﬁté bPhi Rast dieSuppltntehtaryShift test8
FEB 2008 WD 00/ 16291 PCT/tJS991 20237 receiver to track variations in a

di st anckS D deslignddatioeckrify dhe comectmh. f | i ght neasurenents of the pul ses, the
pressure wave osgi.llation havi ng 3.gi,ven veL ngth and wayve period, the
syst em conpri si n¥ith zgspsctstaystandadiyatien An gwa%agfn@etdféeqt@@epwess,

signal to dt?Hcyoq"-ﬂ'i%ht measurements according to the present invention are preferably

made by a technique configured to identify a predetermined point within a cycle.
The simplest technique of this sort is to identify a first zero crossing of the received
) 20  signal after the signal has exceeded a given threshold value.

With respect to supplementary shift tests, a number of possible approaches

exist, each of which may be used alone or in combination with others.
A first supplemental shift test is illustrated in Figures 4A and 4B. Figure 4A
shows a signal in which a positive threshold 40 is exceeded in the first cycle at
25 point 42 whereas Figure 4B shows exceedance in the second cycle at point 44.
These two cases are preferably distinguished according to the present invention by
adding a corresponding negative threshold 46 and determining an order in which
the positive and the negative signal amplitude thresholds are exceeded. Thus, in

Figure 4A, positive threshold 40 is exceeded before negative threshold 46 is
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effective tine-of arrival for each pulse; (b) a timng nodule asigci eg
MW th said signal processor, said timng nodul e being configured J @pia
time-of flight for each pulse fromthe tinmng information and said
effective tiRRs@hn@sii val: (c) a synchronous operation nodul e ppgRRGHAEARY '~
'Wwth said timng nodul e and configured to anal yze said tinmes-of flight to
identify a state of synchronous operation when at |east two successive
Pressure Wag Ul paiht 3BY IRl 28oRUAE MR fitdd! ehlivt ifireshtlld 6 is
noni toring nodul e associated with said timng nodule’an® configured to

noNi t or SUCGREEEIL firstBrpdint 45 JiMis RRASHIGVEEIH Srdep mayetd iakin as ShdichBve that
time-of flight nmeasurenent which varies by at |east half of the wave period
from a pr ediacthadge inndetsttién cyble haalogeurced.cul at ed from a nunber of precedi ng

time-of flight neasurenents; (e) a shift factor nmodul e associated with said
moni t ori ng modul &18WES é&wn@é@mtbeioa*&xthapgl, ghay that th)é?@ﬁirannsw@sel@nanag
to an integer | tiples.of the waxe ,pnerd.od ich said,shifted.tine-of

i ght neaspesmevEniptisat SpehEul Fille dh ARoNE o Redands ddfidion Fpoiat,
measur enent ' Wi Oy : ' t '

i moeof 11 d IHt'bh i Bopfive detecelh AEKGIE]. Fgbto P 8, Bl R Jfapa,
tim ng nodulshows@ psitivesdetectidmapoines? fallevel by anegative déteution ad pbineB4sai d
shifted tinme-of flight nmeasurenment by the product of said shift factor and
t he pressur dnhotle casesehewgver, the signal bagbeep detsctad during e firtyyobo of the237
17. The system of claim 16, wherein said predefined synchronicity criteria
i njcl ude t hat r first, second and third tinme-of flight nmeasurenents
cajcul atgd from & f] . i Si

ospect el y: a i pddibes g SAGRComR, G b AErIRRCRS ot uRHE fefinement of
f1ight nmeashe oRddrbased av%&ithhebeu@%ueﬁuwaem 4B, thé A€ 9645t M Sippllerhbn tafy
time-of flight nmeasurenents are both | ess than half of the wavé period.” 18.
The syst em chiftitestnpreferabhe rincindesi dttgpmeningi atdeasy narter peak i signal iatmplitade
include that at Jeast three tinme-of flight asurenents_derived from
successi ve QFEWSIREA v@swpié@ph&fciﬂ Urgsbolehis %zfqeydtrc{] ABd coppating thepedkt em

of claim 16 | n,.said si i nfqu . i R

pr edet er m ngal\ggﬁ% %ﬁ?kﬁ ﬁgg%_g@%ngﬁgs%@%déef (_Se:l%:}t ?’\%e _feglr]r%l?sopg ge;yrll'\(/’él .ﬁ%?
The sysysm efkifig Figured. SANSAE| IB di detBétfsiRt 6f RhoRdsive| pills&Or the Spédkd sighal @
first zero crossing of a the received signal after the signal has exceeded
a gi ven t hr esipditadesaheasur@d afterdetestyart Ayand Agl wispedttvel e aelativalydclebe int
factor nodule is configured to,desi natte?,as erroneou anyﬁghifte ti me- of

flight neasagmitedes by thgsucgessiyqpulses of Figures 46,and88, gn dhe othe hande the
( | A " ) > o
e o val YEort peal SRt fs SRl BRBIS o A PG 8 GHE 50 o

noni toring iFpey Eréd%ﬁﬁ@@f\}zﬂﬁ'é tweer PRAlO ¥infplitdde PhdaSticntbrts TRomf sudckdbive
measurenent as the previous tinme-of tlight neasurenent for nonitoring a
slibsequ2dt detestions Mhayybt takes aseareindica@dpn of chafgs i GleEectionOcpdle] AZowin

PC 1'/US99I1 20237 24. 1fi f i 16, wh i id sj | .

PR A MR UL G T ERESEC R ]

correction ﬁﬁ?gﬂ%l? a#:g;'liﬁﬁle%’l?éﬂ GHE&Tb, AsEPtdgRtler! BBy Prot RIS p Gl fobdlsy ' 1
rd Suppl ementary

response to's
confirmation algorithm for suspected detection cycle transitions.

Turning now to Figure 6, it will be appreciated that the algorithms described

25 above may be implemented in a wide range of ways. The system of the invention is
typically made up from a number of modules, each of which may be implemented

in a wide range of forms. These include software modules, which are software
programs performing the functions of the system as described below. These

software modules should be written in a suitable programming language, such as C
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shift test. 25. The system of claim24, wherein said at | east ﬂnﬁ

.suppl ementary shift test includes determ ning an order in szc aEBOZi]Uﬁi ve
and a negative signal anplitude threshold are exceeded. 26. The system of
claim 24, Wh%ﬁwlé g d at least one supplementary shift test ppghisdesessa)
"determ ning at | east one peak signal anplitude occurring after a SLgna%
anplitude threshold is exceeded; and (b) cal cul ati ng whet her said peak

si gnal anpl I f I ude
roma prevebde ol Sgh S coRRRbRNIRILE GHEIRERIRT Bf RECLoDpINd o i)
claim 16, wirseinfodéslarebeihgrumdleekice seletiion of esclbaipiiogaatihitigcinghage of
flight value by geonetrical extrapolation fromat |east two previous
time-of fli gmldnwslwrbmm@ bggoneThE osgimapnskill il dhenatts H@mma&en ﬁm term

noni t ori ng podul e cal, tes said predicted tine-of flight v
ext rapol at i SFPTEPUtETS &@Hg% r‘s tylhfaﬁpéﬂof PEESCRg! e m.@ lmaeg an

E'LZES?J&' - IpgraliRg el ok, af PO, SVerd™, O i el ap R °
cach of oo SOABGNST S CorpBebt Ry JAVATH BT BROHSE ) b 85T ot Bbnidal, =
| ~~v~ PCTNS%%MM( Zhch RE eﬁé”%ﬁn@\’&frSP%M?rM?%E%%UﬁﬁdT“Oaﬁangﬂféona

n electrical sign

recei ved pressure wave signal 1nto b) a signa

processor aé}%]ﬂhé‘é"‘?d anidt &)ﬁ?'cﬁ)ﬂiﬁ&&%uﬁmﬂg%ﬁeﬂ%ﬁs‘i’&{ o@'“ﬂ'xeCUNIDG%Qﬁhtf
process said electrical signal to generate a detection output indicative of

reception ofysterdugh 8 AlXioriSOEARIBFE o€ Sud- Masresystans™; dreanyeotherkAdwn
me)fjul e associated with said signal processor and responsive to said

detecti bh oandavatlableaopemting rmdsteyn,sempwlbdtssmlmlmn s\atatx}m dombination of
measure a tinme-of fli 211 ﬁf sai d pul se; and é an out ul e assom at ed
with said t??ﬁ‘ﬂbtaﬂﬁﬂ?}l q H’aéfbnf‘i‘ uRBJ WPETHIEL SYSIFR 2 8\’%‘? Ty otheaj 18

 nt o7 connect APSRAET ar eSS s, FOE RIESY 1 P hElcRB3E @v‘ﬂggkjgﬁéaeﬁdaa

line, said gyfdpity %em? S%e‘?gs%%% S d\]V’THM@'N WRlowibgr®, Rl

configured to provi de a ca nct on triggeri ng’ sequgnu al
transm ssi OQED® apdi tyoh@ \fi;%&ade@yvablbnefof&ﬁesfé cFABé‘ﬂ sj}ﬁéﬁb w&dséﬁ

al ong said conmon dafa line. 25 . AuY. A AYe. Al ne CAFYLUA

?. A5. AS[ 3. AlnicR.(Bcattle A WashifigtonATUS A, 3asAwell aA\ﬁ%yANEhei\ épeﬁ:aﬁﬁ@%%te)n( ~from
g9‘ Y{vqgl gb] WJ] ca] a] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cal] ca] cal] ca] cRa] ca] ca] ca]
ca] ca] ca] caMiexosaftdng] caj cau] cal] caU ca] ca

ok el cafchr a5 R O O S RGh ShpRleleabealand sdhechesd ) o2

| 0" m##9800/B8dmbmation - of hatdl&rel Mi& abftware known as “firmware”, which includes
a] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] caifomifiecprograanming iastructief® bitiitidnto a ROM (read only memory) chip.
2(020223* 3x334t.44666" 6>6667[ 77 kf a\
? cg] cad Q:)é] vaneus eg L‘:&]ré;f é&?wdg\ﬁyéfa %ﬁ? ]@zﬁleé?&ﬁ%églmj%%%%ﬁ%éél 8
999:
) <cccon-opEe __isv;%e;%@»{ éﬂﬂ %ﬁ m“arﬁg] The PAgeisg implementstion couldcssily) cay
ca] ca] caj caﬂ, glﬁ%hﬁe&icg}d BahCihkCal CR Snlcadd, CkCaloda R e CaoA
I 1] JJ| Wr nhb] X] 1] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] caU] cdgscabed headinadocatding da] foativar) cathenjlum| stakctiy] asaphrydicalyc sfpamate) LbL
LCMVMVMVMMVOD' OOOFPPPQQORRRRRISSSS6TTT- U~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] cay] c%!]t&{-’]sca] ca] ca] ca] ca] ca]ca]caU caUjca]c aU]c

-.U VYUVVWE XYW \ \ A b | gb
7% o' [ VA3 ob] ob] ol O & “]a”s’ﬁqacdg‘éﬂagmsa plbtkhistioy ﬁwﬁ%ﬁwﬁﬁ abca
ca] ca] ca] ca
aa]Q)c!:en]eefié H ]\a‘i@&%&hﬁﬁh 1 Z] ] ffké‘f’?e ver]rllgqjy%l%ljng T\])] n]ogg]lacra] ca
] ca] ca] ca] crkeiniee ainiie] TR edickn \dha djec edfirtstted together in a series of any required
WV] ca] ca] ca] ca] ca] ca] ca] ca]ca]c ’kca] ca] ca]gaaI ni noooopppppplqdgqqdr ss. u~uuuM
vQvvWLX XX By gg}}mnv@r Ajmvénsprea] Typic ya} ];tda]oma]xtsae}rcampd,aqwhnqeéqpbb!j #a] ca

] ca] ca] ca] ca] calcal ca cal ca

vawdypy~yy§]“ f‘fﬂ}‘ %P%‘"PI ]q“}’%’}f} an %%‘LI‘W @P P IPRAEE Qf dtifSca) ¢
aU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] cal] ca] ca] ca]c
aJjcaljcaUcalc aUc a S~<5 13

"/ K>PJ&) 8zt oi d_ZU] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caJca]c
aU] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! ae#47s

>&UBIMP[ { vpke [ Vi d_ZU] ] ca] ca] caU] ca] caU] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] calU] ca] caU] ca] ca] ca] caU] ca] ca] cal] ca] cal] ca Y@ @0

f 74~ysni d_ZU| ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca




&l +} OFi ) X6{vql gzupkfa\ W U] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
] caU]( ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca3p} [ 9! #102:8+& FR 2003t1.0%
11°€ ()- 3 1098 () -

mLO%& ()-!6Y)we¥fadedr - ! Y) 109& ()--YW {Y7!f, M 10% ()-!f, M 10%1()S99720237 *~
t,M10% & ()-!109%& ()-!SS@®' 109%& ()-!XS@®' 10%& ()-" ) x{|}~}~SH=If- 10 10-
10; 1 10%& ()-:8! 10%& ()- | 7109& ()- 'F."' 109& ()-!F.' 10%& ()-~

gWUB SH=: $10(Vé’e'(}ﬂ3yed so_that pairs of units are o timally deployed with overlapping “fields of
11098 ()-!*109%&'"()-! T*109%Kk& ()-!PF" *10%& ()-! P 100&: ()-99}[3§H:. >y 10%& (
) -3 | Oy 10%8ew) 1@ récyvd frotmedch-shbsécipmgofithe ar@." 109Y& () - S

"109%&' ()-"YaVK@ > 10 10 10y;s10%& ()- &610%& ()- !f 2&10%& ()-0! 109& ()- -
"109&' () - H*?VK@ Mermspeeifizally, ipithe, implementatiopogdgFignregpa resgver(ynit 100 is

0 () R Lt PR g Tl

I§gglg:§|z<% (>5? @%éég%ﬁt%c{fﬁ@%-yavag/é%g%}gcbédlpﬁtg éhe techniques of the present
.igfgg E g : %ﬁg@%ﬂ ?%%%?%gg% ”{hus/ @?ﬁl/gg ?x;xii@lmn%i(gha@#obeﬁﬁx&' 102 for

_ @ >! 9$3109@rogessivigthessignal- fromoskirasouidd 160z veo 2 030pderiveoasefipctian tinvezaf-( ) -
'-~dE_@>! @a';ée;/l&%ér) éa\c %‘&1@2{%&%&5@' %a?(%%l ags) a first zero crossing of a the received
signal after the signal has exceeded a given threshold value. A timing module 104
) 10 then derives a time-of-flight for each pulse from the effective time-of-arrival and
pulse timing information, preferably derived from a timing input 105 typically
originating from an infrared receiver. The time-of-flight values are then processed
by a synchronous operation module 106, a monitoring module 108, a shift factor
module 110 and a correction module 112 to adjust for jumps due to changes in
15 detection cycle. Specifically, synchronous operation module 106 analyses the
times-of-flight to identify a state of synchronous operation, and monitoring module
108 monitors successive time-of-flight measurements to identify a shifted time-of-
flight measurements. Shift factor module 110 then identifies a shift factor
corresponding to an integer multiple of the wave period by which the shifted time-
) 20 of-flight measurement must be corrected to obtain a corrected time-of-flight
measurement falling within half of the wave period from the predicted time-of-
flight measurement. Typically, shift factor module 110 is configured to designate
as erroneous any shifted time-of-flight measurement for which the shift factor
exceeds two, or preferably one. Correction module corrects the distance D
25 calculated from the shifted time-of-flight measurement accordingly. The corrected
value of D is then preferably fed back to monitoring module 108 to be used as the

previous time-of-flight measurement for monitoring a subsequent time-of-flight

measurement.

14



310%& ()- @10%& ()- S3!'109& ()- PB aB @>'' $10%& ()-
. 1109 ()- @ 10%& ()- @ 10%&: ()- 109 ()-'i @O%& ()-G ! 0" m+8EERcRAID:
T10%& ()-,2 "109%& ()-°

1°$109& () -, *! 1098 ()-M, Y(' 109G7& ()-3,s!! 10%& () - 99000B% &
. 10! Dy~M 10%&"9 90/%§~1M 10% & ()-Y! 109 ()-R | %40%&' () - $10%& ?&‘EF’%?W’"’”
10' (**P, , , WX9F@ 310%& () - S31&3$10%&' () -

2 100 () - koo (il sesd 1§ 18 GuReleientaogfifh et dessabescarlit, these, ggey -
3 n 100/&| _ A 1 _ n 1 _ n pro 1 _ O/ 1 _ 1 1 _
e001#1] 1(1) 2&’&%{@:&(11\%13%}686—"}%& G'%32'15(()?%5“( yof _o&éi’?ﬁc?ks}’gfy '08 '@{3’8’%@?& or
I'+s' 109%& a ' | - %
5,407 ) RS a1 IRy % A

10%&' () - 3$10%& ( ToVEcikitatsdhg modular connection of receiver units 100 as mentioned

/1109 ()L--!109& ()-,!109& ()-68"6>6667[ 7uV7/ 10 .
~ ()5 allaove, (g(}mmunx%aqtgl‘o )of (gstance me[asurements to an external device, such as a

computer, is preferably managed by an output module 116. Output module 116
preferably has input, output and reset trigger connections for controlling a
transmission sequence which enables a large number of units to be connected on
common data lines, as will be described. Output module 116 also provides data

) 10  output and optionally data input connections, which may be implemented with
desired connection format such as an RS232 interface.

Figure 7 shows schematically how a number of receiver units 100 are
combined in a system 120 with common data lines 122 and 124. The trigger output
of each unit is connected to the trigger input of the next, with the trigger input of

15 the first unit (“channel 1) being connected to ground. The output from an IR
receiver 126 supplied along IR sync. line 128 to the IR signal timing module 105
of each unit 100 generates a trigger reset. This trigger reset is effective to prime the
unit to wait for the next received pressure-wave pulse and to set its trigger output
to “high”. After receipt of a pressure-wave signal and the calculation of a

) 20 corresponding distance measurement, each receiver unit 100 is configured to wait
until its trigger input goes “low™ (i.e., ground) and then to transmit its distance
measurement data. Immediately after transmission, it sets its trigger output to low.
As a result, a chain response is generated in which each channel transmits its data
and then triggers transmission of the next channel. The external device can readily

25  identify which data comes from which receiver unit by the order of transmission
which is dictated by the connections of trigger outputs and inputs and always starts
from the channel which is permanently connected to ground. Additional

identification information may also be included in the data transmission.
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simple and low cost to implement. Furthermore, since all receiver units are
y

5  identical, production costs are minimized. _
The modular nature of the system allows extension of the system to cover
large areas without any structural modification other than addition of receiver
units. The corresponding modifications required in triangulation algorithms to be
performed by the external device are trivial. If desired, the external device may
) 10  also be programmed to adapt automatically to the number of receiver units present.
Tuming finally to Figure 8, this shows a preferred structure of transmitter
device 60 for use with a system for digitizing operative strokes of a hand-held
drawing implement 62. Transmitter device 60 includes a housing 64 configured for
receiving at least a portion of the body of the drawing implement 62 with its
15 operative tip extending through an aperture 66. A particular feature of transmitter
device 60 is that operative contact of the drawing implement tip against a surface is
identified by use of a normally-closed switch 68. The term “normally-closed
switch” is used to refer to a switch structure in which movement is detected by the
breaking of a circuit normally completed by the switch. In this case, normally-
) 20 closed switch 68 is deployed so as to be opened by relative movement between
V drawing implement 62 and housing 64 resulting from pressure applied to the
operative tip. A primary spring 70 is deployed to bias drawing implement 62 to a
forward position in which switch 68 is closed.

In contrast to conventional microswitches which switch after a predefined
25 distance of travel, the use of a normally-closed switch provides immediate
detection of contact with a surface by detecting the onset of relative movement

between the drawing implement and the housing,
Preferably, a secondary spring 72, weaker than primary spring 70, is

deployed to act upon drawing implement 62 in a rearward direction, i.e., tending to
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At the same time, the stronger primary spring 70 ensures that switch 68 returns to

5 its closed state whenever contact force is not applied to the operative tip of drawing
implement 62.

In the example shown here, normally-closed switch 68 is deployed in a
removable cover portion 64a of housing 64. However, one ordinarily skilled in the
art will appreciate that alternative implementations may also be used in which

) 10  switch 68 is located at other positions, for example, near aperture 66.

A further preferred feature of transmitter device 60 is a centering element
74, typically associated with primary spring 70, which provides an abutment
surface 76 shaped to align a rear end of drawing implement 62 centrally within the
cylindrical hollow of housing 64. This ensures alignment of drawing implements

15 within housing 64 independent of their outer dimensions and avoids frictional
contact between the drawing implement and the walls of housing 64 which could
otherwise interfere with operation of switch 68. Preferably, abutment surface 76 is
formed with a tapered projection 78 which, under the action of springs 70 and 72,

" is self centering in the axial recess common to the rear end of most marker type
) 20  drawing implements.

With regard to the circuitry of the transmitter unit, this is typically relatively
simple, requiring only synchronous pulsed transmission of the pressure-wave and
electromagnetic transmitters. Optionally, the electromagnetic signal can carry
additional information such as pen color and the states of one or more switches.

25 A specific problem in implementation of the transmitter relates to
maintaining synchronicity during brief operative strokes. In order to avoid wasteful
continuous transmission, drawing implements such as pens or erasers typically use
a contact switch for identifying operative contact between the drawing implement

and a surface. The sequence of ultrasound pulses is then initiated in when operative

17
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5 To address this problem, transmission of the sequence of pulses is

preferably continued for a given delay period, typically at least about % second,
after the contact switch has ceased to indicate the operative contact. In this way the
state of synchronous operation is preserved during intermittent contact. The status
of the contact switch is then conveyed to the base unit separately, either through a
) 10  hard-wired connection when present, or preferably via an electromagnetic link
from the transmitter unit to a corresponding electromagnetic receiver. In the latter
case, transmission both of the pressure-wave signals and of the electromagnetic

signal are continued for the delay period.

It will be appreciated that the above descriptions are intended only to serve
15 as examples, and that many other embodiments are possible within the spirit and

the scope of the present invention.
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10% & () - 6SaQPandmitter to a receiver, the pressure wave oscillation having a given wavelength
and wave period, the method comprising: B

(a)  identifying a state of synchronous operation by obtaining at least two
time-of-flight measurements derived from successive pressure wave
pulses which satisfy given synchronicity criteria;

) (b) monitoring successive time-of-flight measurements to identify a
shifted time-of-flight measurement which varies by at least half of
the wave peniod from a predicted time-of-flight value calculated from
a number of preceding time-of-flight measurements;

(c)  identifying a shift factor corresponding to an integer multiple of the
wave period by which said shifted time-of-flight measurement must
be corrected to obtain a corrected time-of-flight measurement falling
within half of the wave period from the predicted time-of-flight
value; and

(d) correcting the distance D calculated from said shifted time-of-flight

measurement by the product of said shift factor and the pressure

wave wavelength.

2. The method of claim 1, wherein the time-of-flight measurements are

made by a technique configured to identify a predetermined point within a cycle.
3. The method of claim 2, wherein the time-of-flight measurements are

made by identifying a first zero crossing of a received signal after the signal has

exceeded a given threshold value.

19



41 109% & ()-31 10% & ()- YLO$10% & ()- />aBYNC 109y&10% ()- " 1PR&fh- g
C"109& () - & "109& ()- ! @nt 1098 ()-$Y 109 ()-PJaBYNC 10 ;
GLOY&' ()-!9M 10% ()-F "109& ()- "10%&' ()- "10% ()- 3F109%&' ()- 8#sdBYNC
10! 9f (* 10%& Wd-oB162900%& () -: MB1OY%& ()- 9 "109%& ()- "10%& ()- PCT/US99/20237 -
" "109%& ()-s>&JIEYNC 10! 3 "109%& ()- F1t $10%& ()- /GLO%&' ()- -109%&' ()-- .
"109&' ()- L* "109& ()- &UxnbC 10! 9%40%&' ()- 10 10 10: 109&' ()-S8 "10%& () -
64109%& ()- 410%4.()- Théabrdthdod @f1€14den (1), - futthed miprising Aiegarding? WOSHIAeH-
1 109%& ()-M FFY40% ()- Y@} ?mbC 10" ! 109%& (3 1109 ()- ! 109%& () -

time-of-flight measurement for which said shift factor exceeds a predetermined

maximum value.

5. The method of claim 4, wherein said predetermined maximum value

is less than 3.

6. The method of claim 1, wherein said corrected time-of-flight
measurement is employed as a previous time-of-flight measurement for said step of

) monitoring performed on a subsequent time-of-flight measurement.

7. The method of claim 1, wherein state of synchronous operation is
identified by obtaining at least three time-of-flight measurements derived from
successive pressure wave pulses for which successive time-of-flight measurements

vary by less than half of the wave period.

8. The method of claim 1, wherein state of synchronous operation is
identified by obtaining at least three time-of-flight measurements derived from

successive pressure wave pulses which vary substantially linearly.

9. The method of claim 1, wherein said predicted time-of-flight value is
calculated by geometrical extrapolation from at least two previous time-of-flight

measurements.
10.  The method of claim 1, wherein said predicted time-of-flight value is

calculated by extrapolation of a second order polynomial fitting the previous three

time-of-flight measurements.
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response to said supplementary shift test

12.  The method of claim 11, wherein said at least one supplementary
shift test includes determining an order in which a positive and a negative signal

amplitude threshold are exceeded.

13.  The method of claim 11, wherein said at least one supplementary
) shift test includes:
(a)  determining at least one peak signal amplitude occurring after a
signal amplitude threshold is exceeded; and
(b)  calculating whether said peak signal amplitude differs from that of a
corresponding peak signal amplitude from a previous pulse by more

than a predefined ratio.

14. The method of claim 1, wherein the transmitter is associated with a
drawing implement which includes a contact switch for identifying operative
contact between the drawing implement and a surface, the sequence of pulses

) being initiated in response to identification of said operative contact, the method
further comprising continuing transmission of the sequence of pulses for a given
delay period after said contact switch has ceased to indicate said operative contact

so as to preserve said state of synchronous operation during intermittent contact.

15.  The method of claim 14, wherein said given delay period is at least

about %2 second.

16. A system for processing timing information and a received signal

corresponding to a sequence of pulses of a pressure wave oscillation received by a
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+sdEb@ 10! 8!rhe3irérhents of the pulses, the pressure wave oscillation having a given
wavelength and wave period, the system comprising:

(a) a signal processor for processing the received signal to derive an

effective time-of-arrival for each pulse; N

(b) a timing module associated with said signal processor, said timing
module being configured to derive a time-of-flight for each pulse
from the timing information and said effective time-of-arrival;

(¢)  a synchronous operation module associated with said timing module

) and configured to analyze said times-of-flight to identify a state of
synchronous operation when at least two successive pressure wave
pulses satisfy predefined synchronicity criteria;

(d) a monitoring module associated with said timing module and
configured to monitor successive time-of-flight measurements to
identify a shifted time-of-flight measurement which varies by at least
half of the wave period from a predicted time-of-flight value
calculated from a number of preceding time-of-flight measurements;

(e) a shift factor module associated with said monitoring module and
configured to identify a shift factor corresponding to an integer

) multiple of the wave period by which said shifted time-of-flight
measurement must be corrected to obtain a corrected time-of-flight
measurement falling within half of the wave period from the
predicted time-of-flight value; and

() a correction module associated with said timing module and
configured to correct the distance D calculated from said shifted

time-of-flight measurement by the product of said shift factor and the

pressure wave wavelength.
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calculated from a first, a second and a third successive pulse, respectively, a
difference between said first and said second time-of-flight measurements and a
difference between said second and said third time-of-flight measurements are both

less than half of the wave period.

18. The system of claim 16, wherein said predefined synchronicity

criteria include that at least three time-of-flight measurements derived from

=g

successive pressure wave pulses vary substantially linearly.

19.  The system of claim 16, wherein said signal processor is configured

to identify a predetermined point within a cycle as said effective time-of-arrival.

20. The system of claim 19, wherein said predetermined point
corresponds to a first zero crossing of a the received signal after the signal has

exceeded a given threshold value.

21. The system of claim 16, wherein said shift factor module is
) configured to designate as erroneous any shifted time-of-flight measurement for

which said shift factor exceeds a predetermined maximum value.

22.  The system of claim 21, wherein said predetermined maximum value

is less than 3.

23. The system of claim 16, wherein said monitoring module is
configured to employ said corrected time-of-flight measurement as the previous
time-of-flight measurement for monitoring a subsequent time-of-flight

measurement.
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to perform at least one supplementary shift test, said correction module being
configured to correct the distance D selectively in response to said supplementary
shift test.
25.  The system of claim 24, wherein said at least one supplementary shift
test includes determining an order in which a positive and a negative signal

amplitude threshold are exceeded.

. ) 26. The system of claim 24, wherein said at least one supplementary shift
test includes:
(a) determining at least one peak signal amplitude occurring after a
signal amplitude threshold is exceeded; and
(b) calculating whether said peak signal amplitude differs from that of a
corresponding peak signal amplitude from a previous pulse by more

than a predefined ratio.

27.  The system of claim 16, wherein said monitoring module calculates
said predicted time-of-flight value by geometrical extrapolation from at least two

) previous time-of-flight measurements.

28.  The system of claim 16, wherein said monitoring module calculates
said predicted time-of-flight value by extrapolation of a second order polynomial

fitting the previous three time-of-flight measurements.

29. A system for identifying the position of a transmitter of a pulsed
pressure-wave signal in at least two dimensions, the system comprising a plurality
of interconnected modular receiver units, each of said modular receiver units

including:
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configured to process said electrical signal to generate a detection
output indicative of reception of a pulse of the pulsed pressure-wave
signal;

(¢)  atiming module associated with said signal processor and responsive
to said detection output and an externally supplied synchronization
input to measure a time-of-flight of said pulse; and

) (d)  an output module associated with said timing module and configured

to output data related to said time-of-flight.

30. The system of claim 29, wherein said plurality of interconnected
modular receiver units are interconnected by a common data line, said output
module of each of said modular receiver units being configured to provide a
cascade trigger function for triggering sequential transmission of said output data

by all of said modular receiver units along said common data line.
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