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At about the same time, graphic tablets that allowed the entry of line drawings
into a computer were developed. U.S. Pat. No. 3,838,212 is an early example of

20 developments in this area. _

By the mid-1980s, a third kind of a product group was developed to address the
need for a local hard copy of material written and sketched onto a dry-erase, so-called
whiteboard. This generic group of systems, known collectively as electronic
copyboards (ECBs), relates fundamentally to stand-alone devices that have much in

25 common with well known reducing photocopiers.

Each of these devices attempts to provide the user with a natural communication
metaphor that uses familiar writing tools. In the case of electronic blackboards and
electronic copyboards, the metaphor is a fixed wall-mounted surface meant for mass
viewing, in which marking or writing is accomplished by the use of colored markers,

30 and in which erasing is accomplished by wiping the surface with an eraser. In the case
of the graphic tablet, the metaphor is a desktop slate and stylus meant for individual
use.

Those skilled in the art recognize that both electronic blackboards and electronic
copyboards typically require dedicated, highly specialized surfaces and equipment

35 structures. These specialized structures result in an immobile, cumbersome, and
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30 these transceiver-structure stations may be retrofitted to a conventional writing-surface
structure, no discussion is provided for performing such retrofit, nor is it clear that the

scanning technology disclosed would be suitable for a retrofit application, where the

spaced, separate structures cannot be rendered insensitive to in-use relational changes

(for example, movement and vibration of the white board occasioned by movement of

35 the writing implement to and across the surface of the white board during use), and
where adequate precision to effect an accurate scan cannot be achieved without regular

.
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Prior art systems of the type outlined above are relatively complex, immobile,

25 and costly. Typically, they are not readily retrofittable at all, much less to a wide variety

of writing-surface structures which are aiready in hundreds of thousands of users'

possessions. In fact, for useful and accurate operation, such systems depend upon a

specific surface having either embedded sensors or otherwise precisely predetermined

qualities. Further, prior art systems are not particularly adapted to yield information

30 about the condition of a writing stylus or an eraser much beyond its position or station
over a writing surface.

Accordingly, it would be advantageous to provide a novel graphic
data-acquisition system which offers not only the various features and advantages made
available by prior art, but which further effectively addresses the various performance,

35 cost, simplicity, mobility and sophistication issues mentioned above. It would be
especially advantageous to provide such a system that is readily retrofitted to existing
writing surfaces without the need for special mounting arrangements or regular
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Further, by using an encoding facility associated with a writing implement the

invention provides the ability to distinguish whether the writing implement is used for
25 marking or an as erasing implement, as well as determining the nature or character of

written line width or eraser swath, for example specific color in the instance of a

colored writing instrument. A data stream thus generated can be used in a variety of

ways, such as for example, to feed information into the memory of a digital computer,

and/or to feed information for transmission to remote stations for live presentation of
30 writing activity occurring on the writing-surface area in the system.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an exploded perspective view of a retrofittable apparatus for converting
a substantially planar surface into an electronic data capture device according to the
35 invention;
Fig. 2 is a partially sectioned, side view of a sensor array attachment method
according to a first preferred embodiment of the invention;
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Fig. 13 shows the erasers of Figs. 9a-9c and 10 being wiped in a diagonal
motion to provide an erasing surface that is between a thin erasing swath shown on Fig.
25 11 and the wide erasing swath shown on Fig. 12 according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention is a graphic data-acquisition system which employs a
continuously active tracking system to provide a retrofittable apparatus for converting a
30 substantially planar surface into an electronic data. capture device. Various techniques
are disclosed that allow the fabrication of a retrofittable assembly, such that any
substantially planar surface may be converted into an electronic data capture device.
Thus, the components of the system are readily retrofittable, at relatively low cost, to a
wide variety of otherwise conventional writing-surface structures, such as so-called
35 dry-erase whiteboards.
The invention employs any conventional triangulation technique to track the
position and motion of a writer or eraser. As discussed above, many such techniques
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surface may be an*hsugas { mem(/)d may be any technique or device that affixes the sensor
25 array to the writing surface. While this retrofittability arrangement may initiaily appear
trivial, it is not, in light of the difficulty of attaining accurate tracking of a marking
implement to capture position information that may be converted to a precision
representation of text and drawings is not trivial. In this regard, the prior art has almost
unanimously taught and relied on the use of a dedicated, specialized writing surface to
30 assure accurate positioning of the various sensors used to capture writing implement
positional information. This was necessary because the position sensing devices
required accurate calibration to detect minute variations in waveforms or light patterns.
In such environment, both cumulative errors, and vibrations and movements
attributable to motion of the writing surface during repeated movement of a marker

35 across the board surface tend to produce unacceptable (and often unintelligible) results.
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Fig. 4 is a partially sectioned, side view of a mobile unitary sensor array
attachment method according to a third, equally preferred embodiment of the invention.
In this embodiment of the invention, the writing surface 14 is secured to a wall 22 using
conventional techniques. A bracket 42 having a portion that projects from the wall at an
30 acute, upward angle, is secured to the wall by a fastener 44, such as a bolt or a toggle.
The sensor array 10 is affixed to the bracket by a second bracket 40 associated
therewith that has a complementary channel that is adapted to engage with the projecting
portion of the wall mounted bracket in a secure fashion.
Fig. 5 is a partially sectioned, side view of a mobile unitary sensor array
35 attachment method according to a fourth, equally preferred embodiment of the
invention. In this embodiment of the invention, the writing surface 14 is secured to the
wall 22 using conventional techniques. The sensor array 10 is affixed to a clip-on




fastener, such as Velcro. This attachment nmethod is particularly well
suited for such surfaces as video displays, although it is also well suited
for vari o¥OSBRE®E applications. 20 Fig. 3 is a part/Pafsepesd
sectioned, side view of a nobile unitary sensor array attachnment nethod
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I nventi on. thIS enb of the invention, the sensor artray is forned
in an L- shaf?e%lm@(ih?rf’ uration to allow three intersecting sensor paths 61,
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provt des . Bl b amei BT S o SRl B ooty o
with the sepkoar wsitipgisuyfage.cThssithe (snmrlam‘aa mmyjlheemwlfamedu such that the
individual sensors are all contained within a standard, unitary package and may be
alternatively configured for attachment as shown in the figures by providing a variety of
25 adapters and/or fasteners. It is important to note that the accuracy of the sensor array is
assured by calibrating the sensors during manufacture and within a common enclosure.
Thus, the relationship of the sensors is determined during manufacture of the sensor
array. As such, the sensor array is readily retrofitted to any substantially planar surface
by a variety of mechanisms with the assurance of a highly accurate and precise
30 determination of writing implement position. In this way, the invention avoids the need
for dedicated writing surfaces, provides a truly portable and compact electronic data
capture device, and further provides a data acquisition system that faithfully captures
text and drawings without the need for in situ calibration and recalibration.
Although the invention is calibrated at the factory, some users may want the
35 option of calibrating the system in the field to further define and add desired
functionality. For example, the user may want to create a "dead" area on the planar
surface, so that marks in this area are not forwarded to the computer. The user also
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or erasing 'ﬁgtﬁeﬂnﬁnﬁlaced to the writing surface. Such detection generates a signal that is
25 communicated to the sensor array to indicate that the marking implement is now in
contact with the writing surface (and not above the writing surface, as such detection
would provide a false plane of information to the sensor array). Thus, the sensor array
only tracks marking implement position when the marking implement is registered to
the writing surface. Such signal may also communicate actual positional information,
30 for example by providing a relay or feedback of tracking information received at the
pen, such that a time-based marking implement position may be derived.
Such signal may also be modulated or digitally coded to identify a particular
marking implement function or color, for example whether the marking implement is a
red or blue pen, whether the marking implement is drawing a thin line or a thick line, or
35 whether the marking implement is an eraser. In connection with this last point, the
marking implement herein disclosed includes a collar 84 that is adapted to be securely
fitted to the sleeve 82. The collar activates a switch 85 that indicates it is fitted to the
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of a standard blackboard/ white-board eraser, in which the user can rapidly draw the

25 eraser back and forth across the marking surface to erase a large portion of the marking

suface, if desired, and in which the user can precisely control the moment and profile of
the eraser to eras only specific portions of the marking surface. Accordingly, the
herein-described __ accurately locates the ends of the eraser by use of the two
transmitters, and thus defines a continuously variable and easily controled eraser swath.
30 With regard to the actual determination of the position of the marking
implement, the invention is readily adapted for use with any modemn locating technique,
including any of those techniques discussed above in connection with the prior art. The
presently preferred embodiment of the invention operates in connection with a
triangulation scheme that includes a Micropower Impulse Radar (MIR) device. The
35 MIR device is a pulsed radar similar to other ultra-wideband radars, but it emits much
shorter pulses than most radars and, because it is built out of a small number of
common electronic components, it is compact and inexpensive. MIR devices are used in
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i conponents, |nexpens ve vices are use
operate at a relauvely lower center frequency, using larger antenna systems, giving it

longer range.

Averaging of many thousands of pulses is done on the MIR device to reduce the
30 effects of noise and to increase sensitivity. A single received pulse in the nanosecond
time scale may be contaminated with various forms of outside interference, but if the
returns of many pulses at the same range gate are combined, the result is much more
representative of the actual return. The number of averages per range gate is adjustable
(nominally it is about 10,000 samples).
35 The exact pulse emission and detection times are randomized for at least the
following reasons:
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10 such applications as autonobile back-up systens and in hand-held
tools for finding studs and ot her objects behind walls. One feature of MR
devi ces i sWPf?éﬁ‘Zﬁ%Pse generation circuitry. Each pul se is | esBCT/HEMR/R434
billionth of a second and each MR device enmts about two million of these.
5 pul ses peComffiRns. wAet (@w)pmtaecrémetsubn ca@ framesacms eandoTad staitioh
random noi se to reduce the possiDbil f@ I nt egba?erenc tﬁtthcer ade rs,
while each MR BICS gAY, Falise bgat; fregienciesy FECHf eé: P%s g rige
transmitting to fatsecalatings. Witent thari000 sampes of SR retugn ethwes aveaveragediagnal .
Three direct adv o] d |

resol ution and a‘%@ﬁ&q@fﬂ% "%J]BF’%Q fa&n | ng&ﬁ-{p‘ﬂ%seéigcgﬁgrétggﬁé fwa& éﬁecuvely

i nterference froavesagedrto zerdar s. There are extrenely | ow power requirenents
because current is only drawn 15 during the short puI se tinme and

t he pul ses are infrequent. For exanpl { of, M R _uni oper ate
for years oh a sRapdom aperation @P‘}/meﬂﬁéh?ﬁfﬁ‘lﬂ R’&ﬁﬁig?ffst‘iaé&ewﬁ? pYYF‘E%“tar e

at exceedingly | piterfeting witBreatp roamsaat:nanﬂeemb@aubm afeomat eefled land faaﬁéarlyt he

MR emts less th mllionth th yof
t el ephone. As wi L‘l?lhr(lju é‘HmbSEQF sﬂ%’éﬁ §an tbﬁe'naWFesr?‘ﬁlﬁ ‘é‘S‘r?f u?“d’reﬁtu 8\%8% #Fek?l R
devi d6s determi neecupyclﬂleofsames mﬂdraadl specohex: aThier iss tpaticulagiyy aisefiul aimt @nna

systems have beey, ! Dol Wh (N =Te) to tri lat
characteristics ofh m &?ﬁmsag)ﬁsor e%eﬁlgélw &escs%(gngarg ﬂ/l%e r?gg?gr?
sensor with a cemaehngmqlgmayp@mqmout 2 GHz, a small 1.5-inch antenna may
be used. However, the MR device is also flexible enough that it can

operate at a reI Live oywer center fre c ar nt e
systems, givi ng ﬁ%él‘e r‘%YF@‘EOnMe‘iI"é@‘P% B‘F’%Waﬁ’ tﬁ’ 5%‘?% [ﬂ?%réesd is
done 18n t heeﬂib&hdfem ©fe skilled thithe arwilBRadily appeéciate that omena:ppheatmnd may be

| norease seqal byl o fhed! Ok S RSSh (athoPhaReddk A5 HEUAREGANGETP uRC! ©

may be cont & |nter rence

returns of pmsyntpmmnatAcm@u@ynethpang@t@at$ouldemdbm hwited tbbfethpe@allms | s
nmuch nore regpj @% gwve of the actual return. The nunber of averages per
range gate is a justabl e (nomnally it is about 10,000 sanples). 35

The exact pul se em ssion and detection tines are random zed for at | east

the follow ng reasons:
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Cont i nuous wave (CW int Hmﬂmmm,ﬂmmns fromradio and TV station

har nmoni cs, se beat® h the received echogs

trigger favlvggxg aer;. when the 10,008 sanples of MR return g'?ﬁéjékgg’%#% -
averaged at random y-dithered tines, random sanples of CWinterference are-

effectively 5 averaged to €bAIMSBRandom operation al so means that
multiple MR units can be collocated without interfering with each other.

Charnnel allocations are not needed _ and '%\ nearly, unli rgtedapun&%é of .sensors
can be in the safvaeyolittably pprarams pderterh fomeanveing 2 substantially, planar syrface s e
w deband sRgetd Whtind firfack Forlar dléctroniy data cphire devide, oniprikimgoar d- t ype
application, where a plurali tr}/ of segt%@r%ﬁare used tlo.t rsirtfg)pg I aetetﬁgro%i ng

i npl éhent  posi t | AN ITBY T thah seiablishes Afixeda Friguon PR SR ¢

ref erence totehgenporsfveithiadsaikb sensor arraydiseifnsaid sansos kartalyeprovidinghe teackingi | |
readi ly appreci at . ' LAAS, 4 TRACH Lhgse set
forth her e&rﬁngﬁ%ﬁﬁ Q??ﬁ%ﬁ?ﬁ%ﬂ&oﬁﬁé% l?iﬁ%{e aﬁ&%%%%e&ﬁﬁgﬂgﬂg?’é‘g g_nt

i nventi on. Accorafi aggohmentmethodefor jaffixing saidouniters, sensor amey pepxiyate {e sadaj ns

i ncl uded bel @Wanttdly planatSurface. 1- A retrofittable apparatus adapted
for converting a sgbpstantially pl anar surface into a witing surface for an

el eclQonic data capture device, conprising: a sensor array including two or
m)_rg Sensora, tha‘l‘hé‘iﬂmﬁﬂiﬁ%ﬂﬁl@irﬁ 1§$‘dcii@bdtdcﬁh1eﬁt methed _fuxﬂiea?bmpﬁkihg. bet ween

said two or nore _genser thi.n said.sensor_array i sai r array
providing a t racﬁ‘i%t}?ﬁ °?6§8¥w?18ﬁ“@6m88{‘%‘?&ﬁ38%°{%:’ ' §?r&i%§sﬁengf ’ Sgcﬁﬁfﬁgﬁga

I npl ement on said witing surface, said tracking function further
conprising @ mc LWDHEEEn 12 {}Mhﬁ) W58 futhie cEimprisigkd sensor
array is co%’[ ai ngg‘?%}ﬂ% a sl?iﬁallég%gg age;engﬁléth\%ﬂelrlel n thé actur acy of the

sensdf array is abmekeidepyred o a paliwithya Bsledckensors within sai d package
during manufacture; and an attachnent nethod for renovably affixing said

unitary sensor apray proxi .tq sagi.d sybstanti.all | anar_surface, said
attachnent fret hoa‘hﬁél’%‘?tﬁ gg&% lppaid ét'%cg‘mﬂ“é"?moglfxﬁﬁﬂﬁf’m&s'tnﬁpe or a
tenporary fastene@rfirst bracket having a portion that projects from a wall at an acute, upward
angle, secured to the wall by a fastener; and
20 a second bracket associated said sensor array, said second bracket having a

complementary channel that is adapted to engage with said projecting portion of said
first bracket. '

5. The apparatus of Claim 1, said attachment method further comprising:
25 a clip-on bracket that includes a U-shaped portion which is adapted to engage
with an upper edge of said writing surface.

6. The apparatus of Claim 1, said sensor array further comprising:
an L-shaped sensor array.
30
7. The apparatus of Claim 6, wherein said sensor array is formed in an L- shaped
configuration to allow three intersecting sensor paths to provide a high degree of
accuracy by allowing precise triangulation of writing implement position.
35 8. The apparatus of Claim 1, wherein said sensor array is adapted to be mounted

relative to a top portion of said writing surface,
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a bracket secured to a wall wt I rst bracket having a
portion that projects froma vvar“ﬂmmmmﬁﬂlllalﬂ“‘pward angle, secured to the
wal | by aMRMWYA . and a second*bracket *assocrated with saPGTASIBI34 1 ay,
sai d second bracket having a conpl enentary channel that is adapted to

engage witg sai ?‘PP Lpeathl BE PR 1, OhbinSaiddsehidrsdrrayria aligpted a1bk mothiept- on
bracket that includes a Us{}ap_ed ortion which is adapted to engage with an
upper edgeredAtive2? & Sie POt o faidrating surtace. The apparatus of claimi1,

said sensor array further conprising: an L-shaped sensor array. 13 3.

The apparatys of.,claim?2 [.ei id s J |

L- shaped cmf i g&l“ﬁla??ﬁ{a?‘% oﬁ'}?ﬁgﬁ} ?h‘?g‘%argﬁnns[%‘em?%élg i%\rg%s]lgrsfg %é&%g(? Rg %%(%Bbcrd ovi de
a hi gh degretstivefto abotomportign of daslwrigngswiacee tri angul ati on of witing

i mpl enent position. 4. The apparatus of claim 1, wherein said
sensor array is adapted to_he nmounted relative to a to u?orti n of said
writing sudflace Thg apparatus of Clairhl whiskrin am%mprémmm%, WF&F?@%Q

sensor arr@?!n&ﬁc@m;@gsmﬁ&ﬁw@k@@kﬁd ve to a side portion of said

witing surface. 6. . ‘The, apparat us of claim1, .wherein | d.sensor
array is adapt edheiripEheaianmacy ql}éb%F‘{)W%r FHRYIS BSTH %g%&?{‘?r&ﬁn%fmg;%%ﬁi ting
sur figce. 7 within said packagbdudimpmanifacture! claim 1, further conprising: a

mar ki ng i npl enent, said marking inplenent conprising: a sleeve that has an
inner diameter that is adapted to receive and securely retain a standard
mar ker: and2a f iThetappavatusiof (laim Heaiddracking fanation femthes capprsingt i p to

generate a sign nﬁc?%ov&e?iﬁﬁﬂlgypidﬁﬁ{hﬁﬂl)tc%vfcae sensor array to indicate that
me ct w't

said marking inple IS 1h conta sald witing surface. 8.
The apparatus of claim7, wherein said signal may be nodul ated to identify

a pagg i cul a3 markidypphRiisTeNiinP1, fafheé contprising: The apparatus of
fo sai d sl ceve. EmeE et AL panie pted BRbBRa S ton that 0
i ndi cates the col | ar a sleévetthatchas an inmer diametes that is adapted to receive and securely
retain a standard marker; and
. a first switch that detects movement of a marker tip to generate a signal
20 that is communicated to the sensor array to indicate that said marking implement is in
_contact with said writing surface.

14.  The apparatus of Claim 13, wherein said signal may be modulated or digitally
coded to identify a particular marking implement function or color.

25
15.  The apparatus of Claim 13, further comprising:
a collar that is adapted to be securely fitted to said sleeve, wherein said collar
activates a second switch that indicates the collar is fitted to the sleeve.
30 16.  The apparatus of Claim 15, further comprising:
a plunger that is movable fitted within said collar; and
an eraser that is securely received within said plunger.
17.  The apparatus of Claim 16, wherein the presence of said collar operates said
35 second switch, thereby indicating that said marking implement is performing an eraser
function.
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10. , The apparatus of cl a”m"l"mu“’u E’"ﬂtprl sing: a plunger that
S m)vabl hﬁl&%sw thin said coI I r that is pepaksdysd34

received within said plunger. The apparatus of claim 10, -
wherein the presence of said coI I ar operates sajd se ond switc thereay

i ndi cating tBat SkhecppamaRisfg Glaim bl’f’é\ﬂe‘ﬁ‘§mﬁéﬁ‘¢r&“&‘ﬁ’@ exmeng Js{apped:qr fauchs

12.  The appaaidivwagtisy s\ﬁf@e Aufingphefidt kaliblatdomBedueng: atgpecifierlocations appad or
touched to said Wgur%ap g e dUEJ ngpg field cali b{latlon seguen erﬁi}‘
speci fic | odHtHREh ‘élea T PoRyeg (el AR Seiivg, pTioR o rFS‘l e 8 m
whi ch an actsuifeceasy bocalaflaedi d witing surface may be cal cul ated. 13.

The a%paratus of claim1, wherein the active area of said witing surface

is det'erm ned by detecting with said sensor array specific locations within
or on the bd®darThesapyarathe ofuGlaiond, whetei dhe agtiviecarsaiofl saidewriting sudacst iSons

are identif I&%MH&FW\%&&E&%%lwgﬁH% gé gy shQsid 'léﬁaﬁonsléﬂthm or on theThe

appar at us of arm 7 erelh salrd sign IS, d| |tallm ¢oded to I d n&
particul ar rROURAgIES] %ﬂ&r@fﬂu“ﬁuﬁlﬂ!’fq“éﬂ‘”hﬂﬁ said specific igcatt %&?pﬁ‘iea 1dgutfag (t,’lyal m

7, wherein SgnmSttcddRicated atidaid Iodhtiohscoded to identify a particul ar marking
sl eﬁﬁnt col or. 16. The apparatus of claim7, wherein said signal
Is nottul ated to identify a particular marking inplenment function.
REPLACEMENT 28HEETTHéapparatus of Claim 1, further comprising:

an eraser comprising a handle, an erasing edge, and at least two transmitters, in
which one transmitter is attached to a first end of said erasing edge and a second
transmitter is attached to a second end of said erasing edge;

15 wherein said eraser is operable to erase a thin portion of the writing surface by
moving the eraser in a motion that is parallel to the axis of the eraser, said eraser is
operable to erase a wide portion of said marking surface by moving said eraser
perpendicular to the axis of the eraser edge, and said eraser may be operable to erase a
swath having a width between said wide and narrow swaths by placing said eraser edge

20 at an angle between said eraser axis and an angle perpendicular to said axis.
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