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(57) ABSTRACT 

A graphic data-acquisition system Which employs an active 
tracking system provides a retro?ttable apparatus for con 
verting a substantially planar surface into an electronic data 
capture device, in Which the components of the system are 
readily retro?ttable, at relatively loW cost, to a Wide variety 
of otherWise conventional Writing-surface structures, such as 
so-called dry-erase Whiteboards. Conventional triangulation 
techniques are used to track the position and motion of a 
Writer or eraser. An encoding facility associated With the 
Writing implement provides the ability to distinguish 
Whether the Writing implement is used for marking or an as 
erasing implement, as Well as determining the nature or 
character of Written line Width or eraser sWath. Adata 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. 
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RETROFITTABLE APPARATUS FOR 
CONVERTING A SUBSTANTIALLY PLANAR 
SURFACE INTO AN ELECTRONIC DATA 

CAPTURE DEVICE 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/443,164, ?led Nov. 19, 1999, Which 
is a continuation of Us. patent application Ser. No. 08/804, 
491, ?led Feb. 21, 1997. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The invention relates to electronic data capture 
devices. More particularly, the invention relates to a retro 
?ttable apparatus for converting a substantially planar sur 
face into an electronic data capture device. 

[0004] 2. Description of the Prior Art 

[0005] Electronic blackboards date at least to the mid 
1960s, at Which time emphasis Was placed on the commu 
nication of graphical data, speci?cally handWriting and 
sketches, from one location to another. US. Pat. No. 3,706, 
850 discloses a system related to such activity. 

[0006] At about the same time, graphic tablets that 
alloWed the entry of line draWings into a computer Were 
developed. US. Pat. No. 3,838,212 is an early eXample of 
developments in this area. 

[0007] 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 collec 
tively as electronic copyboards (ECBs), relates fundamen 
tally to stand-alone devices that have much in common With 
Well knoWn reducing photocopiers. 

[0008] 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 ?xed Wall-mounted 
surface meant for mass vieWing, in Which marking or 
Writing is accomplished by the use of colored markers, 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. 

[0009] Those skilled in the art recogniZe that both elec 
tronic blackboards and electronic copyboards typically 
require dedicated, highly specialiZed surfaces and equip 
ment structures. These specialiZed structures result in an 
immobile, cumbersome, and relatively eXpensive system. 
Systems and approaches generally in this line of technical 
art are illustrated, for eXample, in US. Pat. No. 3,613,066 to 
Cecreman, U.S. Pat. No. 4,558,313 to GarWin et al., US. 
Pat. No. 4,506,354 to Hansen, US. Pat. No. 4,670,751 to 
Enokido, US. Pat. No. 4,711,977 (Re. 33,936) to Miyamori, 
US. Pat. No. 4,777,329 to Mallicoat, U.S. Pat. No. 4,814, 
552 to Ste?k et al., US. Pat. No. 5,248,856 to Mallicoat, 
US. Pat. No. 5,023,408 to Murakami, and US. Pat. No. 
5,434,370 to Wilson. 

[0010] The ’066 patent discloses a display panel and 
means responsive to the positions and moves of a pointer on 
the panel to generate information signals for a computer. 
Thin, coherent light beams parallel to the surface of the 

Oct. 18, 2001 

panel a systematically and repetitively displaced in crossing 
relation to scan at least part of the surface. The position of 
a marker relative to the display panel is detected by inter 
ference of the marker With the scanned light beams. 

[0011] The ’313 patent focuses on an indicator-to-data 
processing interface Which employs a light source and a 
background re?ector as constituents in a system to monitor 
occlusion of light occurring from the positioning and move 
ment of a manually moved indicator over a surface. 

[0012] The ’751 patent discloses an eraser for an elec 
tronic blackboard having a variable erasing area. The eraser 
includes a small area erasing unit and a detachable large area 
erasing unit. Detectors determine When the eraser is touched 
to the surface of the board, as Well as Whether the small area 
erasing unit or the large area erasing unit are currently in use. 

[0013] The ’977 patent discloses an electronic blackboard, 
Writing instrument, and position-detecting control unit. The 
system uses magnetic bias to detect the position of an 
Writing/erasing element relative to that of video information 
displayed on a Writing surface. 

[0014] The ’329 and ’856 patents address a graphic input 
system Which employs ultrasound (the ’329 patent) or 
scanned light (the ’856 patent) to monitor the position of a 
mobile element over a surface. The ’856 patent includes at 
least tWo spaced transceiver-structure stations that optically 
track the position and motion of a Writer or eraser based 
upon bar code techniques. While it is suggested in the ’856 
patent that these transceiver-structure stations may be ret 
ro?tted to a conventional Writing-surface structure, no dis 
cussion is provided for performing such retro?t, nor is it 
clear that the scanning technology disclosed Would be 
suitable for a retro?t 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 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 calibration during use due to the 
relative positional instability of the multiple spaced sensors. 

[0015] The ’552 patent discloses an input device, or stylus, 
for entering hand draWn forms into a computer comprising 
a Writing instrument, a pressure sWitch doe determining 
Whether the instrument is in contact With the Writing surface, 
an acoustic transmitter for triangulating the position of the 
stylus on the surface, and a Wireless transmitter for trans 
mitting data and timing information to the computer. In 
operation, the stylus transmits an infrared signal Which the 
system receives immediately, and an ultrasound pulse Which 
tWo microphones receive after a delay Which is a function of 
the speed of sound and the distance of the stylus from each 
microphone. From this information the system can calculate 
the position of the stylus. SWitches for indicating functions 
are mounted on the stylus. Multiple styluses can be used, 
each transmitting a distinctive identi?cation code so that the 
system can determine Which stylus is the signal source. 

[0016] The ’408 patent describes an electronic blackboard, 
including a sensing tablet Which senses the position of a 
Writing tool that includes a tuned circuit having a predeter 
mined resonant frequency. 

[0017] The ’370 patent discloses a graphic data acquisition 
system in Which a digitiZed record is produced according to 
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the X, Y, and Z position of a Writing implement relative to 
a Writing surface. An expanse of electromagnetic radiation is 
generated in a Zone adjacent to the Writing surface, and an 
electromagnetic interactive pen interacts With such electro 
magnetic radiation to produce a signal that locates the pen 
relative to the Writing surface. 

[0018] Prior art systems of the type outlined above are 
relatively complex, immobile, and costly. Typically, they are 
not readily retro?ttable at all, much less to a Wide variety of 
Writing-surface structures Which are already in hundreds of 
thousands of users’ possessions. In fact, for useful and 
accurate operation, such systems depend upon a speci?c 
surface having either embedded sensors or otherWise pre 
cisely predetermined qualities. Further, prior art systems are 
not particularly adapted to yield information about the 
condition of a Writing stylus or an eraser much beyond its 
position or station over a Writing surface. 

[0019] 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, cost, simplicity, mobility and sophistication 
issues mentioned above. It Would be especially advanta 
geous to provide such a system that is readily retro?tted to 
existing Writing surfaces Without the need for special mount 
ing arrangements or regular calibration, While providing a 
high degree of precision and stability, and While also pro 
viding a rich complement of sophisticated features. 

SUMMARY OF THE INVENTION 

[0020] The invention is a graphic data-acquisition system 
Which employs a continuously active tracking system to 
provide a retro?ttable apparatus for converting a substan 
tially planar surface into an electronic data capture device. 
Various techniques are disclosed that alloW the fabrication of 
a retro?ttable assembly, such that any substantially planar 
surface may be converted into an electronic data capture 
device. Thus, the components of the system are readily 
retro?ttable, at relatively loW cost, to a Wide variety of 
otherWise conventional Writing-surface structures, such as 
so-called dry-erase Whiteboards. 

[0021] The invention employs any conventional triangu 
lation technique to track the position and motion of a Writer 
or eraser. As discussed above, many such techniques are 
knoWn, but these techniques have traditionally required a 
specialiZed or dedicated Writing surface or have been oth 
erWise unsuited for retro?t to an existing Writing surface. 
The invention exploits to advantage both the signi?cant 
improvements in modern tracking technology and a novel 
and improved ?tting technique that alloWs rapid and ef?cient 
retro?t of a tracking assembly to a dry-erase Whiteboard or 
other planar surface, While providing a precision tracking 
system that accurately tracks a Writing implement in three 
dimensions, thus capturing all marks placed on the marking 
surface. 

[0022] 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 
marking or an as erasing implement, as Well as determining 
the nature or character of Written line Width or eraser sWath, 
for example speci?c color in the instance of a colored 
Writing instrument. Adata stream thus generated can be used 
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in a variety of Ways, such as for example, to feed informa 
tion into the memory of a digital computer, and/or to feed 
information for transmission to remote stations for live 
presentation of Writing activity occurring on the Writing 
surface area in the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is an exploded perspective vieW of a 
retro?ttable apparatus for converting a substantially planar 
surface into an electronic data capture device according to 
the invention; 

[0024] FIG. 2 is a partially sectioned, side vieW of a 
sensor array attachment method according to a ?rst preferred 
embodiment of the invention; 

[0025] FIG. 3 is a partially sectioned, side vieW of a 
sensor array attachment method according to a second, 
equally preferred embodiment of the invention; 

[0026] FIG. 4 is a partially sectioned, side vieW of a 
sensor array attachment method according to a third, equally 
preferred embodiment of the invention; 

[0027] FIG. 5 is a partially sectioned, side vieW of a 
sensor array attachment method according to a fourth, 
equally preferred embodiment of the invention; 

[0028] FIG. 6 is a perspective vieW of an L-shaped sensor 
array according to the invention; 

[0029] FIGS. 7a-7c shoW alternative embodiments of the 
invention that provide side, bottom, and top mounting 
con?gurations for ?tting a sensor array to a Writing surface; 
and 

[0030] FIG. 8 is a partially sectioned, side vieW of a 
marking implement according to the invention; 

[0031] FIGS. 9a-9c provide an end vieW (FIG. 9a), a side 
vieW (FIG. 9b), and a perspective vieW (FIG. 9c) of a 
tWo-point or Squeegee-type eraser according to an alterna 
tive embodiment of the invention; 

[0032] FIG. 10 provides an erasing edge vieW of a tWo 
point or Squeegee-type eraser according to the invention; 

[0033] FIG. 11 shoWs the use of the eraser of FIGS. 9a-9c 
and 10 to erase a thin area of a presentation board in a 
motion that is parallel to the Y axis of the eraser; 

[0034] FIG. 12 shoWs the eraser of FIGS. 9a-9c and 10 in 
use to erase a Wide area in a motion that is parallel to the X 

axis of the presentation board; and 

[0035] 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. 
11 and the Wide erasing sWath shoWn on FIG. 12 according 
to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The invention is a graphic data-acquisition system 
Which employs a continuously active tracking system to 
provide a retro?ttable apparatus for converting a substan 
tially planar surface into an electronic data capture device. 
Various techniques are disclosed that alloW the fabrication of 
a retro?ttable assembly, such that any substantially planar 
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surface may be converted into an electronic data capture 
device. Thus, the components of the system are readily 
retrotittable, at relatively loW cost, to a Wide variety of 
otherWise conventional Writing-surface structures, such as 
so-called dry-erase Whiteboards. 

[0037] The invention employs any conventional triangu 
lation technique to track the position and motion of a Writer 
or eraser. As discussed above, many such techniques are 
knoWn, but these techniques have traditionally required a 
dedicated Writing surface or have been otherWise unsuited 
for retro?t to an existing Writing surface. The invention 
eXploits to advantage both the signi?cant improvements in 
modern tracking technology and a novel and improved 
?tting technique that alloWs rapid and ef?cient retro?t of a 
tracking assembly to a dry-erase Whiteboard or other planar 
surface, While providing a precision tracking system that 
accurately tracks a Writing implement in three dimensions, 
thus capturing all marks placed on the marking surface. 

[0038] 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 
marking or as an erasing implement, as Well as determining 
the nature or character of Written line Width or eraser sWath, 
for eXample speci?c color in the instance of a colored 
Writing instrument. Adata stream thus generated can be used 
in a variety of Ways, such as for eXample, to feed informa 
tion into the memory of a digital computer, and/or to feed 
information for transmission to remote stations for live 
presentation of Writing activity occurring on the Writing 
surface area in the system. 

[0039] FIG. 1 is an exploded perspective vieW of a 
retro?ttable apparatus for converting a substantially planar 
surface into an electronic data capture device according to 
the invention. On FIG. 1, a Writing surface 14 is shoWn 
having a sensor array 10 attached thereto by an attachment 
method 12. The Writing surface may be any substantially 
planar surface, including for eXample a Whiteboard or black 
board, a table, a video display, a Wall, a bulletin board, or a 
?oor. The sensor array may be any conventional position 
sensing device, as is discussed above in connection With the 
prior art, or as is more fully discussed beloW in connection 
With MIR devices. 

[0040] The attachment method may be any technique or 
device that af?Xes the sensor array to the Writing surface. 
While this retro?ttability arrangement may initially appear 
trivial, it is not, in light of the dif?culty of attaining accurate 
tracking of a marking implement to capture position infor 
mation 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 assure accurate 
positioning of the various sensors used to capture Writing 
implement positional information. This Was necessary 
because the position sensing devices required accurate cali 
bration 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 
across the board surface tend to produce unacceptable (and 
often unintelligible) results. 

[0041] Thus, a key aspect of the invention involves the 
provision of a unitary sensor array that securely and rigidly 
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?Xes the relation betWeen the various sensors Within the 
array itself, such that the unitary array assembly may be 
repeatedly removed and af?Xed to any substantially planar 
surface and yet still provide the high degree of precision and 
accuracy necessary to effect a high quality capture of teXt 
and draWings. This arrangement is particularly critical in a 
system that employs an active Writing implement, Where 
such implement produces signals having various patterns or 
frequencies Which indicate different functions, such as pen 
Width or eraser operation, as Well as different colors; and 
further Where the act of marking upon the Writing surface 
produces vibrations and movement of the Writing surface 
Which may result in inaccuracies due to variations in trans 
mission times or movements in the board surface. 

[0042] FIG. 2 is a partially sectioned, side vieW of a 
unitary mobile sensor array attachment method according to 
a ?rst preferred embodiment of the invention. In this 
embodiment of the invention the Writing surface 14 is 
secured to a Wall 22 using conventional methods. The sensor 
array 10 is af?Xed to the Writing surface using an attachment 
method 20 that may comprise a double stick mounting tape 
or a temporary fastener, such as Velcro. This attachment 
method is particularly Well suited for such surfaces as video 
displays, although it is also Well suited for various other 
applications. 

[0043] FIG. 3 is a partially sectioned, side vieW of a 
mobile unitary sensor array attachment method according to 
a second, equally preferred embodiment of the invention. In 
this embodiment of the invention, the sensor array 10 may 
be mounted to a Wall 22 by a bracket 30. The bracket itself 
is secured to the Wall With a fastener 32, such as a bolt or 
toggle. The Writing surface 14 may be secured to the Wall by 
the same bracket, or it may be separately secured to the Wall. 

[0044] 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 
acute, upWard angle, is secured to the Wall by a fastener 44, 
such as a bolt or a toggle. The sensor array 10 is af?Xed 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. 

[0045] FIG. 5 is a partially sectioned, side vieW of a 
mobile unitary sensor array 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 af?Xed to a clip-on bracket 50 that 
includes a U-shaped portion 52 Which is adapted to engage 
With an upper edge of the Writing surface, for eXample With 
the upper edge of a Whiteboard. This embodiment of the 
invention presumes that there is at least of modicum of 
clearance betWeen the Wall and the Writing surface to 
accommodate the U-shaped portion of the clip-on bracket. 

[0046] FIG. 6 is a perspective vieW of a mobile unitary 
L-shaped sensor array according to the invention. In this 
embodiment of the invention, the sensor array is formed in 
an L-shaped con?guration to alloW three intersecting sensor 
paths 61, 62, 63. 
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[0047] Additional sensors 64, 65 may also be provided. 
This con?guration provides a high degree of accuracy by 
allowing precise triangulation of Writing implement posi 
tion. Various components associated With the sensor assem 
bly are positioned in a module 66 that is mounted to the 
sensor array. 

[0048] FIGS. 7a-7c shoW alternative embodiments of the 
invention that provide side, bottom, and top mounting 
con?gurations for ?tting a mobile unitary sensor array to a 
Writing surface. FIG. 7a shoWs a Writing surface 14 having 
a sensor array 70a affixed to a side thereof; FIG. 7b shoWs 
a Writing surface 14 having a sensor array 70b af?Xed to a 
bottom thereof (and Which may therefore also serve as a tray 
to hold various Writing implements); and FIG. 7c shoWs a 
Writing surface 14 having a sensor array 70c affixed to a top 
thereof. 

[0049] It can be seen from FIGS. 2-7 that the invention 
provides a variety of con?gurations that alloW a mobile 
unitary sensor array to be ?tted to any substantially planar 
Writing surface. Thus, the sensor array may be manufactured 
such that the individual sensors are all contained Within a 
standard, unitary package and may be alternatively con?g 
ured for attachment as shoWn in the ?gures by providing a 
variety of 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 enclo 
sure. Thus, the relationship of the sensors is determined 
during manufacture of the sensor array. As such, the sensor 
array is readily retro?tted to any substantially planar surface 
by a variety of mechanisms With the assurance of a highly 
accurate and precise 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 reca 
libration. 

[0050] Although the invention is calibrated at the factory, 
some users may Want the option of calibrating the system in 
the ?eld to further de?ne 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 may Want to calibrate speci?c 
elements Within the active area to create a toolbar, a video 
WindoW, or other feature. In addition, user ?eld calibration 
of the elements Within the sensor array provides a Wide 
range of user-de?ned con?gurations useful for portability or 
to Work With varying siZes of planar areas. Calibration in the 
?eld may be achieved through a variety of methods, includ 
ing but not limited to the folloWing: 

[0051] (1) The system may instruct the user to tap the 
Writing or erasing instrument on the planar area at 
speci?c locations, such as upper right and loWer left, 
and calculate the active area from these coordinates. 

[0052] (2) Alternatively, the user may place transmitters 
at speci?c locations Within or on the boundaries of the 
active area. The sensor array Would detect signals from 
these transmitters and calculate the active area of the 
planar surface. 

[0053] Another feature of the invention is the provision of 
an active Writing implement. FIG. 8 is a partially sectioned, 
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side vieW of a marking implement according to the inven 
tion. While various multifunction Writing implements have 
been identi?ed above in connection With the prior art, such 
devices are someWhat limited in their ability to operate in 
connection With various tracking schemes. For eXample, 
some implements are especially designed for optical 
schemes, While other implements are especially designed for 
electromagnetic tracking schemes. 

[0054] The Writing implement shoWn on FIG. 8 provides 
a sleeve 82 that has an inner diameter that is adapted to 
receive and securely retain a standard dry-erase marker 80. 
Thus, the herein-disclosed marking implement uses a 
marker that is familiar to the user and readily available. The 
sleeve is tapered to folloW the tapered contour of the pen and 
terminates With a sWitch 90 that detects movement of the pen 
tip, I.e. When the tip of the pen is placed to the Writing 
surface. Such detection generates a signal that is communi 
cated 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, 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. 

[0055] 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 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 ?tted to the sleeve 82. The collar 
activates a sWitch 85 that indicates it is ?tted to the sleeve. 
A plunger 86 is movable ?tted Within the collar. An eraser 
88 is securely received Within the plunger. 

[0056] In operation, the eraser is pressed to the Writing 
surface to erase marking thereon. This action pushes the 
plunger into the collar, thereby activating the sWitch 90, and 
thereby indicating contact of the eraser With the Writing 
surface. The presence of the collar operates the sWitch 85, 
thereby indicating that the marking implement is performing 
an eraser function. 

[0057] In existing electronic copyboard systems that send 
eraser data to a computer, the eraser has a prede?ned siZe. 
Systems assume that the user has erased an area at least 
equal to the total area of the bottom of the eraser. Thus, to 
erase a smaller area, the user must locate and use a smaller 

eraser. If the user attempts to erase a small area With only the 
side of the eraser, Which is the natural method most users 
Would attempt, systems receive inaccurate data regarding 
the siZe of the area that has been erased. The tWo-point 
eraser disclosed herein solves this problem by providing 
users With the capability to erase a Wide range of areas With 
a single tool. 

[0058] The tWo-point eraser 110 (FIG. 9a-9c) consists of 
a rectangular or round thin shape handle 100, a thin erasing 
edge 102, and tWo transmitters 103, 104. One transmitter is 
attached to each end of the erasing edge, as shoWn in FIG. 
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10. To erase a thin area, the user Wipes the eraser on the 
board 112 in a motion that is parallel to the Y axis of the 
eraser (FIG. 11). To erase a Wide area, the user Wipes the 
eraser in a motion that is parallel to the X axis (FIG. 12). 
The eraser also can be Wiped in a diagonal motion to achieve 
any siZe betWeen “thin” and “Wide” (FIG. 13). Thus, the 
invention provides an eraser that is ergonomically designed 
to operate in a similar fashion to that of a standard black 
board/White-board eraser, in Which the user can rapidly draW 
the eraser back and forth across the marking surface to erase 
a large portion of the marking surface, if desired, and in 
Which the user can precisely control the moment and pro?le 
of the eraser to eras only speci?c portions of the marking 
surface. Accordingly, the herein-described13 accurately 
locates the ends of the eraser by use of the tWo transmitters, 
and thus de?nes a continuously variable and easily controled 
eraser sWath. 

[0059] With regard to the actual determination of the 
position of the marking implement, the invention is readily 
adapted for use With any modern locating technique, includ 
ing 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 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 inexpen 
sive. MIR devices are used in such applications as automo 
bile back-up systems and in hand-held tools for ?nding studs 
and other objects behind Walls. 

[0060] One feature of MIR devices is the pulse generation 
circuitry. Each pulse is less than a billionth of a second and 
each MIR device emits about tWo million of these pulses per 
second. Actual pulse repetition rates are coded With random 
noise to reduce the possibility of interference from other 
radars, While each MIR device is tuned to itself. The same 
pulse is used for transmitting to send via the transmit as for 
sampling the received signal. Three direct advantages of the 
short pulse-Width are: 

[0061] The MIR operates across a Wider band of 
frequencies than a conventional radar, giving high 
resolution and accuracy, but also making it less 
susceptible to interference from other radars. 

[0062] There are extremely loW poWer requirements 
because current is only draWn during the short pulse 
time and the pulses are infrequent. For example, one 
type of MIR unit can operate for years on a single AA 
battery. 

[0063] The microWaves emitted by the pulse are at 
exceedingly loW, and therefore safe, levels (micro 
Watts). In fact, the MIR emits less than one-millionth 
the energy of a cellular telephone. 

[0064] As With conventional radars, the antenna con?gu 
ration on MIR devices determines much of its operating 
characteristics. Several antenna systems have been designed 
to match the ultra-Wide frequency characteristics of the MIR 
sensor. For the standard MIR motion sensor With a center 

frequency of about 2 GHZ, a small 1.5-inch antenna may be 
used. HoWever, the MIR device is also ?exible enough that 
it can operate at a relatively loWer center frequency, using 
larger antenna systems, giving it longer range. 
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[0065] Averaging of many thousands of pulses is done on 
the MIR device to reduce the 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 represen 
tative of the actual return. The number of averages per range 
gate is adjustable (nominally it is about 10,000 samples). 

[0066] The exact pulse emission and detection times are 
randomiZed for at least the folloWing reasons: 

[0067] Continuous Wave (CW) interference, such as 
from radio and TV station harmonics, may cause 
beat frequencies With the received echoes that can 
trigger false alarms. When the 10,000 samples of 
MIR return echoes are averaged at randomly-dith 
ered times, random samples of CW interference are 
effectively averaged to Zero. 

[0068] Random operation also means that multiple 
MIR units can be collocated Without interfering With 
each other. Channel allocations are not needed and a 
nearly unlimited number of sensors can be in the 
same vicinity even though they occupy the same 
Wideband spectrum. This is particularly useful in a 
Whiteboard-type application, Where a plurality of 
sensors are used to triangulate marking implement 
position. 

[0069] Although the invention is described herein With 
reference to the preferred embodiment, one skilled in the art 
Will readily appreciate that other applications may be sub 
stituted for those set forth herein Without departing from the 
spirit and scope of the present invention. Accordingly, the 
invention should only be limited by the claims included 
beloW. 

1. A retro?ttable apparatus for converting a substantially 
planar surface into a Writing surface for an electronic data 
capture device, comprising: 

a sensor array including tWo or more sensors that are 

mounted to establish a ?xed relationship betWeen said 
tWo or more sensors Within said sensor array itself, said 
sensor array providing a tracking function to determine 
the position of a marking implement on said Writing 
surface, and Wherein said sensor array is contained 
Within a single package; and 

a temporary attachment method for removably af?xing 
said unitary sensor array proximate to said substantially 
planar surface. 

2. The apparatus of claim 1, Wherein said substantially 
planar surface is any of a Whiteboard, a blackboard, a table, 
a video display, a Wall, a bulletin board, and a ?oor. 

3. A retro?ttable apparatus for converting a substantially 
planar surface into a Writing surface for an electronic data 
capture device, comprising: 

a sensor array providing a tracking function to determine 
the position of a marking implement on said Writing 
surface, 

an active area on said planar surface; and 

a temporary attachment method for removably af?xing 
said unitary sensor array proximate to said substantially 
planar surface. 

4. The apparatus of claim 3, Wherein said active area 
comprises any of a toolbar, video WindoW, and other feature, 
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