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30 an additional hard-wired or electromagnetic link between the movable implement and a
base unit to provide timing information for time-of-flight ultrasound calculations. An
addluonal switch is also requ1red to identify when the movable element is in contact

These- systems are typically limited to relatively small boards. This is be

35 because of signal to noise ration (SNR) limitations. The volume of ultrasound used
cannot be very high without causing bothersome accompanying whistling noises.
Additionally, in a wireless system, power considerations severely limit the transmitted

volume. In order to generate reliable position information, the transmitter-to-receiver
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_ According to the teachirigs of the present invention there is provided, an
ultrasound receiver assembly for.use in a presentation board-digitizer system, the
receiver assembly comprising: (a) a first ultrasound receiver located adjacent to the
surface of the presentation board; and (b) a second ultrasound receiver displaced from

35 the first ultrasound receiver in a direction subsiantially perpendicular to the surface of
the presentation board, the first and second ultrasound receivers being connected so as
to generate a total output signal corresponding to the instantaneous sum of the
ultrasound signals received at each of the first and second ultrasound receivers such that
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There is also provided according to the teachings of the present invention, a
transmitter device for use with a system for digitizing operative strokes of a hand-held
drawing implement, the drawing implement having a body and an operative tip, the
- transmitter device comprising: (a) a housing having a substantially cylindrical opening
35 terminating at a first end in an annular wedge surface with a central bore, the housing
receiving a portion of the body of the drawing implement with its operative tip
extending from the central bore; (b) a retainer attachable to a second end of the opening
to retain the drawing implement within the housing, the retainer having a spring element
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30 There is also provided according to the teachings of the present invention, an

“eraser device for use with a presentation board digitizer system, the eraser device
comprising: (a) a handle; (b) an eraser element having a substantially flat eraser surface;
and (c) a pivot joint connecting between the handle and the eraser element, the pivot

 joint having two degrees of rotational freedom such that, in use, the eraser element
35 - assumes an orientation with the eraser surface parallel to the presentation board surface
substantially independent of the orientation at which the handle is held.
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35 FIG. 9 is a side cross-sectional view of an eraser transmitter unit, constructed
and operative according to the teachings of the present invention, for use with a digitizer
.system; ' _ .
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30 In principle, two ultrasound receivers are sufficient to uniquely determine the
position of a movable element in contact with board 12. However, in order to provide
reliable ultrasound reception over the entire area of a large board, system 10 employs
more than one set of receivers. Thus, in the system as illustrated, a first set of receivers
is defined as the pair of ultrasound receiver assemblies 14 and 16, and a second set of

35 receivers is defined as the pair of ultrasound receiver assemblies 16 and 18. Clearly,
the first set of ultrasound receivers so defined is well positioned for receiving an
ultrasound signal from the transmitter when the movable element is in a first region
denoted A, and the second set of ultrasound receives is well positioned for receiving the
signal when the movable element is in a second region denoted C. Thus, optimal
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implementation with only two sets of receivers, the concept can clearly be extended to

- more complex arrangements of multiple sets of receivers, both co-linearly and on

35 opposite sides of a board. In the latter case, the weighting factor becomes a function of
| position in two dimensions, as will be clear to one ordinarily skilled in the art.

In addition to the switchover zone algorithm, it is preferable that the ultrasound

receivers are located sufficiently close to provide some degree of redundancy of

measurement. This redundancy can then be employed (typically independent of the



t he subsequent neasurenent. Alternatively, or for the purposes of nmaking an

initial 30 - measurenent, an approximtely neasurenent may be nmade with
.some arbitrar wei ghting factor such as, for exanple, 0.5 for each
set . WO 98/39729 Al t hough the con pt of the swi t ch- oV BETAISIRIOMA3: been

illustrated .in a sinple. . A I npl e tion with on sets of
recei ver s, SRR &} C@éﬂe@P%ﬁ)lt@/g%é" ﬁ ?qr@ccura a‘kato\r,\*%‘?@ f¥8mp1 ex
arrangenerﬁrmmbusmbasiucdmemmclofnayecmrmmaxﬂyth co-linearly and on 35

opposite sides gle i)l frechficka, 16RAP TS GRNEILLISIFLAM LAg:TRG, gha PocOTeS

a function of MeNsI ONs to one
-or di nar i | ythgldistaras. fir«hmtqaeh a¢qe1ver as nmeasured by TOF caleulations isan . 59 anfiess,

Cecobver o e thbk Fhophekd APERTE" © LoV e some deoroe of

redundancy_ of measurenent. This redundancy can then be errpl oyed
(typically independent of the2 2 V\D 9 /39729
8 8y p@% ot P ogonst swi t ch- over zone

consi derations) to provide a self test for accuracy and to identify any
erroneous neasurenents which may occur tenporarily.
Speci fically, iByroah:alaﬁegshi&asum]vﬁleanvbrmrealsmndtahbcbmé%@F\maamteqmals aspaci ng,

A, I

cal ggl ati o%smlableéfh% 9 i er or ‘c‘i@@q&t t?&%gﬁ%n&ﬁniﬁgg\ﬁfggﬁ %\r/lte)ﬁ\é ?félb%lrrpl e

t ri gononet mprein ef %ch@cy hg{a case that a sxgmﬁcant error is found, further statistically bgseq r |

By ci'al g ;JI a&ej{lfﬂhﬂla‘lﬁlsfalﬁwﬁhﬁﬁ A HBVIR ing) érlﬁéhtéd fadE: WﬁchT 1%%1%3 decERIthe ta[] e 10
avai |l abl e esys&g]%ﬁcgconggj%g# t i'S unC|n|n within
an accept a rea toFmp detha ’ieﬁe“éeré’é’%l’?%n "é‘ﬁp -i cant
error is found, TﬁnﬁmgmbwstanIGsﬁ iTahd ¥, laapmﬂ-,rred design ofSeltfasemad yedebver

al 9q I thns L

erraneous r%éﬁbﬁgg%n%"élﬁr@%‘éﬁ%%&r%m piFtbue allf bt @B he b BEIERRET o
cal cul at i opfsthe present invention, for useuwith presensatiandorrdatigitizensystems willorasf be r ed
Constr ot e CHESE, Mseifelg Ainad be “S“% 0 ARTRRHONIR Wik g 6F IREEC 30
present i nWémsoWqudHPgQ}gé‘owwdp‘P éB dﬁ?f""@ﬁgf“?? G gitizer systens will
now be Geéaaslly hedkindstefsohid Heiveryasbambly 80 incdudes udlistageasonhad a wi de
rangg of d}egéxkrérzfi located adjacenﬂg Ehegszlgg?gﬂ Hpéhggr% a&(?% Péérg)s%ﬁd ehéercgﬁ stem 10

descri bed I ver
assenbl y 3@ltiaseunddmeceivef |3|65dlspla¢e|daﬁomnﬁr82 mltrasoumcbmem 322in achineetiomdj acent

to the sur§ag@n & ) board, and a second .
ul-trasound %ceﬁéﬁ %‘Q@l‘ sI c%%m first ulfrasound receiver 32 in a
di rection First agd 5@%%@@%89@45@%%3% #ndi36 ars cappecied$o34 to generate
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genezrsat € ultrasound signals which they receive. Typically, for simple transducers, this is
achieved by connecting them in series such that their output voltages are additive.
~ FIG. 4 shows a plot in polar coordinates of the variation of sensitivity of
assembly 30 with angle of incidence in a plane perpendicular to the surface 34. The
phase differences between ultrasonic vibrations reaching the two receivers, when
30 added, result in pronounced variation of the sensitivity of assembly 30 with angle of
- incidence, as shown. Specifically, the maximum sensitivity of assembly 30 occurs in a
- plane central to the main lobe of FIG. 4 corresponding to a plane of symmetry between
receivers 32 and 36. Signais arriving at the two receivers which are incident from this
plane necessarily have zero path and phase difference, thereby producing a maximum
35 amplitude output signal. Reception from the n=1 side lobes is preferably minimized by
user of a cover element (not shown) which shields assembly 30 from sound incident at
large angles from surface 34. '
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Transmitter device 40 preferably also. features a switch for detecting contact
between operative tip 52 and the surface of a writing board. This switch is associated
with the electronic circuitry and is employed to actuate ultrasound transmitter 58 and IR
transmitters 60. Preferably, the switch is formed as a microswitch positioned to

- -35 . respond to g:h'a'h'ges in the force applied by drawing implement 42 against annular
‘'wedge surface 48. FIGS.: 6A-6C show a preferred construction for such a
"microswitch, ‘generally designated 64, constructed and operative according to the

“teachings of the present invention. '
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inserted through central bore 50. This ensures that the upper layer of microswitch 64 is

sensitive to movements of drawing element 42.
It should be noted that the structure-described here for microswitch 64 is by way
of example only. Alternative structures may be used such as, for example, a switch
35 based on a piezoelectric pressure sensor-or the like. Fipally, with regard to microswitch
- 64, it should be noted that correct operation of the switch depends on a degree of
freedom of axial motion of drawing implement 42 against spring element 56. For this
reason, it is important that spring element 56 is not fully compressed when retainer 54
is attached. FIG. 7 shows an example of a preferred structure for attachment of retainer
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" - sensing when contact is made between drawing implement 42 and the presentation
" ‘board. In combination, these two parts allow transmitting dev:ce 40 to sense when

" contact has been made with the presentanon board. -
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FIG. 8C illustrates the response profile of transmitter device 40 as described.
During an initial period of a single pen stroke, its response is not dissimilar from that of

the prior art. However, when short repeated strokes are encountered, transmitter device.
40 maintains synchronization between successive strokes,- thereby providing an
35 accurate response immediately on switching of microswitch 64.

Turning now to FIG. 9, an eraser, generally designated 104, constructed and
operative according to the teachings of the present invention, for use with a presentation
board digitizer system will be described. A major problem with eraser elements for use
with digitizer system is the common practice of employing only a part of the eraser
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164 and an eraser element 166 which has a substantially flat eraser surface 168.

" However, handle 164 is connected to eraser element 166 by a pressure-sensitive

element 170. Pressure-sensitive element 170 includes a spring 172, such-that when at
“least a portion of eraser surface 168 contacts the presentation board; a signal is
35 transmitted to a touch switch 174. Touch switch 174 preferably includes a printed
circuit board 176 and electrical circuitry 178, which enable touch switch 174 to identify
when eraser surface 168 is contacting the presentation board. This is similar to
pressure sensing microswitch 122 of eraser 104.
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ouchhng Of s b RGN LR 30Tkl rirarcd ransmifll 1 RGN iEiBhMEES O

eraser 162. "Eraser “sur Crosw t 180,
pref er abl y tefectorioq s lapatediin hangdle b%hvmdsmes& simdéler functign s 1gBctarhi ch
are consulgtantially simlar in function to contact mcroswitch 64 of °
FIG 6. If only e ©.cqQnt act croswitch 180 senses contact with

the presentati onxﬁé%ﬁi‘ °‘!‘.‘7nﬂ’3§t‘%‘ﬁ§"n%l’f’\’°£ ot thés transfpitfgr ‘f?é(m@r featupes hagch as
a letter, figenaicachibedt, if will he\h@pﬂblatéﬂ)ﬁﬁt a Gitbet offidiffersid érbediments are 180

;censsscont al%esﬁl e§u6t§%np§1 gse%gc%e |ab veafrg?glsglaﬁ%?te%é N he I ength and w dth

Simlarly
to eraser 104, cTaming 46® talHG. H8sthis amews thecprintiple ©f operationesf. a firther

Speci 11 cal | dmbHARE of Purhifer WEASE, RRIARH. BCEREAR aletRaingill A ca

ul trasound tters ferably

subst ant i al qeyclmgs&fcthe @}’Fée’@}meFdWBPefor use with a pfe&?ntagpa é@aréia@anw $yRteEnd

transmtt erTﬁ-18 devige is(g‘eﬁbﬁﬂglsﬁnﬂﬁﬂﬂ hﬁns'h@ﬂtcr Gevicet0 decritddsdbove except thaf Rat ur es
an ubpras Ou&s So20AUGE Ui clothicn B4, thtbad® tthff'{lfgrp%% Qash SRS rl;‘ytt}a%sm%s%lzon Each
of vibrations through the board.

‘As mentioned earlier, digitizer systems employing through-the-board

transmission suffer from.poor accuracy and dependency on specific board design.
However, they have a major advantage of inherent pen-board contact identification.
35 The device of the present invention combines this feature with all the advantages of
preciéion and independence from board design provided by air-borne ultrasound
systems, using the through-the-board detection solely for contact detection.
Thus, this embodiment may be used with a presentation board system
essentially similar to that of FIG. 1, with the addition of a transducer associated with



ul trasound conductor tube 184 goes from hAndle 164 to eraser el enent 166,

such that 15 the ultrasound signal fromeach ultrasound transmtter 182
is transm_tted downward. Eraser 162 also has a ref|lector cone 186
for each OVPO%3Y3Rd transm’tter 182. Refd ect or . c onBCT/HE98/04403

pr ef er abl ytheot(?:atcgfll}oén er ;dngurL%n‘}leréggﬁs ef :g?e;é%}gg&%%egtﬁlg%&a gltggqollﬁgl\/\/aves )

| nf rared t tlenisard.t The prbB&somfehereablvyr dysteat is dhed@esponsive saibatpats tfromh the at

each end o %mgl ﬁ'@%é?v @agfﬁia tﬁbaéarﬁ i Of d

refl ector %g ﬁln%?é"cngt |ér1;§f1°;n t&é}ﬂﬁ\% soér%?}es a s?‘rﬁt#é&ﬁ unction
as ref | ect & output from thechnged mgented transducer to 1dent1fy Comftach Befgisen e drawitgc ul.ar -
erbody ment 1191 1k Qnld" B3SHadrd Cihe by TdRnfifahs! 0BEralig8 strokes of ‘the WHRing

descri bed, wil| be appreciated that a nunber of different enbodi rrents o

are 25 mPH?B“?E ble, substantially as described above for the transnmitter
devi ce. The pnncxple“&ﬂrtm BgstemVvis ishowh Cleadl§, in tHIGs - 10Hawehith @lgrri3aci pl e

f t {1t
Construct eSPHtrl LB finm gpeiof dod PRI Yeoltverads AREEY G DI Tonc™
present i nvepresents,thé signaldromihetpoardameued trénsducen.oBlot 130 shawszaconsinaowsm
Th - S | b
excent °t hagofRoRfBEpilkeotie Ty Blnchfinces Spa eoi?%ﬁm"ﬁ‘é’e‘fs e B e g
pen- board 8% acerdipg ttp ath@mrs%qcbment Plot 132, on the pither band, omly gegisterfe

board. correspondmg pulsé$ dﬁﬁﬁg 'aoﬁﬁ?fbdeﬁfat il ?eﬂi lis?h{ cécsWithelke 1Wyaed.o0Yi ng
r.fr om

t hr ough-t he- hoard sion. s oor accy and
dependency ‘4 ﬁ] Eﬁké[hefsf@ab%‘%ﬁ‘&' tgha 15 typlcafll ﬁ?@? ""P"¥£ Tmaj or
advant age ddentifibstfonrdf cpemetioo aontcoraadt aonditichant i f| catl on. - The device

of the present 'IP%ﬁPB%g é&?ﬂ@&%ﬁtﬁé‘d vt ﬂé‘gcﬁ'bﬁoﬂ&glrgé%deﬁrbﬁlf% s%P&ea&es of

preci'si on and i ndepen oar d desi orne
ul t r asound example, and theymanshethen psphogiments m’nrp@ssg,}ﬂe wmtblrbtbalsmrm erdieisevpesol el y

for cont actyfgRiRedehPivention. Thus, this enbodi nent nmay be used
~wWith a presentation board system essentially simlar to that of
FIG 1, with the addition of a transducer associated with WO
98/ 39729 16 :

PCT/ US98/ 04403 t he board (not shown) for detecting vibrations from
the transmtter conducted through t he board. The processor of the
recei ver systemis then responsive to outputs fromthe ai r-borne

ul trasound receivers to calculate a current position of the transmtter,
and to the output fromthe board nounted transducer to identify
contact between the drawing 5 i npl enent and the board, thereby.

i dentifying operative strokes of the drawing . i npl enent .

The principle of this systemis shown clearly in FIG 10 in which "pI ot 130
represents the signal fromone of the ultrasound receiver assenblies and

pl ot 132 " represents the signal fromthe board-nmounted transducer.
Pl.ot 130 shows .a continuous 10 : .sequence of pul ses since the
transmtters operate continuously as long as the pen is in use,

according to this enbodiment. Plot 132, on the other hand, only registers



correspondi ng pul ses during a period that l l rI!lHl! jl“tnt act with the
boar d. Al t hough the signal qual i | typi-cally

i nferior re than suff|C|ent for identificat] nt act
‘or non- con‘k’égklg%@gdl tions. : 17 It will.be appr e@cgﬁg%%ﬁé? t he
above desc nded only to serve as exanpl e, and that
many ot her%@ggg'mlrgg§posm ble within the spirit and the scope

of the present invention. WO 98/ 39729
17 An ultrasound recefver /a!;l%%ﬁﬁ?%pase ina presenﬂ%-{x ﬁ&r@d“%xﬂ%& ' S:
1. An ultrasound receiver, assen use in-a presentatio oard

di gi tizer System, e?f%’t"é?ﬁ”‘i%ﬂ’%éﬁ/‘@g assenbl y--cenpri-si-Agi—B5 o

(a) 5 afi rst od)t r ag0fifsll UiesRMErrebOivat Gsbabell agjacénite theesifidease t1<11=f ‘the
present ati on akhq CE d (b) a second ultrasound receiver
di spl aced P “abqaf & ul trasound receiver in a direction

subst anti al I y péb)pencal sacbad uitvasoned sacdizerdisplaced frome said firstonltrasound

board 10 ng
connect e geiter o girecl ulddrtan BrRERRH: I RISRONDE of BREPSLRARELTS |
t he i nstanb@#dous sum of the ultrasound signals recei ved at each

of sg-d first aggiaIRSONG gé&arrdaﬁw&na@e&ambaﬂgboﬁdaatedtsb% 1§ GBhetate a '
assenbly is st sen SI ilve to altrasound signal s ent froma .pl

i nc
subst ant i afqtgl output 51gn SO7rERPORtIng Jo the 1nstapianAouy FUoH Ok) yjtragopnd sign 5 2.

The tecei veécemambhyh of sail Firso dnd sedenic nliraseurll fecéives auwth thac thedreteioet vers .
are ect e

'es . 3. dn an ultr 2s9 based
digitizi ngaﬁ? dﬁ“t?&ﬂ v?ﬁ Hléraﬁw.gldp%gxlaaﬁ B'r?ldSPt Efﬂmzﬁ plane su ff??utl‘ajg’ound
transm tteadjawmmthb@cbsmtativnd:waﬂl ement novable relative to a surface, the
systig@m having at |east three spaced apart ultrasound receivers-associated
withthe surface, a nmethod of anal yzi outputs fromthe of a
first pair2ef t/Akereceivesasssmblyjofclaim 1, wher@b@@&&r%&né@m@d%wrs iakh
derived fresadebRdenteidss of a second pair of the receivers,
wherein the weighting varies as a continuous function of approxi mat el y
position relative 25 to the ultrasound receivers. 4, The
met hod as Bn cl zlnmlaqltmhmmdmasetdﬁélgulimﬂgspsmd ﬁoe(t«mnméymgrthe pobisivardfial | y
col lggear, uft&%mie{rﬁwm “eaé%‘élgt'é ifh 4t 1?[?6 %51L¥e1‘£4;{ré‘tod£%&£k%e{ﬂﬁ“ the

rasoun e

direction recervers over ast a
gi ven swi t ystemdravingat least three spaced apart ultrasound receivers associated with the

-

surface, a method of analyzing outputs from the of a first pair of the receivers and a

second calculated position derived from the outputs of a second pair of the receivers,

wherein the weighting varies as a continuous function of approximately position relative
25 to the ultrasound receivers.

4, The method as in claim 3, wherein the ultrasound receives are substantially
collinear, and wherein the weighting varies linearly with distance in the direction of
alignment of the ultrasound receivers over at least a given switch-over zone.

30
5. The method as in claim 3, wherein the weighted centroid appfoximates to said
first calculated value when the movable element is within a first given region of the
surface.

35 6. A narrow-band eraser device for use with a presentation board digitizer system,

the narrow-band eraser device comprising:
(a) a handle;
(b)  an eraser element having a substantially flat eraser surface; and



30 5. The method as in claim ' ighted centroid
approxi mates to said first cal Clmmwnﬂr“mwmu -the novabl e :
element is within a first given region of *thé Lt " s gurface. 5

6. A naWQR/PWAM eraser device for usg with a presentati AETHERBG4403
digitizer syste .t he narrow band _eraser .device conprising:

(8) & handle:()  aplurality of contachsmicrosipitclies Sptog OB Fderass pugacs, Stich
subst ant i al thyt Whei a poRivArof Shitifegader suafade contacts the presentatif¥dbOd 3Nkt one

18 . . . PCTIUS 44 -1
plural ity JPCETEIERCoRFEPRdRe S A PIReA R stedand pugh et hep syihfetialy C

t hat when--sanptiréty of sHid exsat serfacesontacts thequesentationchaard, IsubstangsiaBy alh of said boar d,
at Iegst ONSicroswitches.ardk itch corresponding to said portion is

acti vated anof sucﬁ tshat en substantially an entirety of said eraser
surface contacts the presentation board, substantially all of said 5

m croswi t ches areh@fhdrd@itRdd eraser device of dlaim 6, futehen a6 PHkiBR ROpIFaGiEE bf devi ce
of claim®6, further cglgﬁrlsun]gqalp%lﬂ.urayh)é oél.--- . ul trasound _ '
transm t t er GTAYRYNY Sanspiters gndp Dinpatiny, of infrarrPd Hapsmiftess Jox idpntifying sonfachg

cont act with the predentatibe bpardsent ati on board. 10 8. The

narrg&;— band eraser device of claim7, further conprising at |east one

refl eCtor for each of said transmtters. 9. The narrow- band
eraser devi&e of Th¢ aramow:bandraraser deviepof slaim 3 furtbes cpmprigiBg at least opasi ti ve

el enent f0rreh@&8ffo§¥£diﬂoﬁ9i'&ttﬁﬁ§mif&fsh t he presentation board.

9. The narrow-band eraser device of claim 6, further comprising a pressure-
15 sensitive element for identifying contact with the presentation board.



