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FIELD OF THE-INVENTION 5 The invention relates to the field of
electronic plotting systens. Mre particularly, the i nvention rel ates

to a robotic plotting and pri J It inting onto a
recordi ng medi um ROBUTIC PEO T RE SV TN T T v on 10
Plotting systens are used for a variety of output applications. These
systens typically i ncl ude tLpn which a plotting
mediumis |l ocated, a plotting peﬁﬂP}‘B bkr@é’?&?&g‘%@ﬁ pri nt head, .and

associ ated electronics for determning the interaction bet ween the
printhead aRd ayfd 3 e oG e : j S
5 " Cypically 52 FySyaRIRE g e pitiie Sufind Mo Pl AW

rel ative to theinyeqtipn relates iga rabetieipletting and pringheadsyysieryfary WirglgssBristiag RBiPdiment
Mar ki ng Machi negechidtne fradi@nt - No. 4, 557,191 (10 Decenber 1985)

di scl oses a narki ng ggvice for printing identification marks, which is 20
"mounted for vertical and pivotal novenent on the end of an upper arm The

upper armis novabl e aBAKGROUND a@F THE ENVIBNTIOM al plane to
extend and netract the marking head assenbly into and out of marking
posi tion. Tl

eug er armis novable relative to o i
otting systems are used for a variety of output applications. These systems typically

include a plotting surface onto which a plotting medium is Iocated, a plotting pen
residing on a printhead, and associated electronics for determining the interaction
between the printhead and a fixed framework or grid structure. A digital data signal is

15 typically derived to guide the position of the plotter printhead relative to the grid
structure.

E. Speicher, Multiple Movement Marking Machine, U.S. Patent No. 4,557,191 (10
December 1985) discloses a marking device for printing identification marks, which is

20  “mounted for vertical and pivotal movement on the end of an upper arm. The upper
arm is movable along a first axis in a horizontal plane to extend and retract the marking
head assembly into and out of marking position. The upper arm is movable relative to
the carriage, and the carriage is movable on 2 beam to carry the upper arm together with
the marking device t0 a preselected position with respect to the objects to be marked”.

25  While Speicher disclosss a marking device that is “movable in a plurality of directions
in a horizontal plane, as well as vertically and rotationally about a vertical axis and also
movable in a lifting operation throngh an arcuate path”, the marking device is limited in
travel to the mechanical limitations of the upper arm and carriage.

30 P. LaCanfora, Photoplotter, U.S. Patent No. 4,003,061 (11 January 1977) discloses a
photoplotter which includes “an image-projecting system movable with respect to 2
photosensitive material at relatively fast and efficient speeds and over relatively large
areas. The photoplotter comprises a coherent fiber optic bundle for transmitting an
image from the image-defining objects to the image-projecting system. The image can

35  be moved over selective portions of the photosensitive material by moving the image-
projecting system parallel 10 the material and rotated by rotating one end of the
fiberoptic bundle”. While LaCanfora discloses a movabie and rotatable image-
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the carriage, and the carriage is novable on a beamto carry the upper arm

t oget her wit t he marki ng device to a presel ected posit ] -
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Kpiece, the motion and extent of travel for the system'is subject to the mechanical
limitations of the working arm of the robot.
15
B. Wilkinson, System for Automatically Inspecting a Flat Workpiece for Holes, U.S.
Patent No. 4,711,579 (08 December 1987) discloses an inspection system for
automatically documenting and verifying the position and dimensions of holes in a flat
sheet metal workpiece which includes “a transparent, light diffusing inspection table
. 20 upon which the workpiece is laid”. “A ball screw-driven yoke travels continuously
along the inspection table in the Y direction and includes a bottom bar for positioning a
plurality of optical sensor arrays above the table. The optical sensor arrays are
responsive 10 the presence (or absence) of light energy which is diffused by the table”.
Data is read and stored in a microcomputer for subsequent display and/or print out.
25 “Circnitry is provided to muitiplex the optical sensor arrays so that each pixel thereof is
subsequently read in order to provide data corresponding to hole locations in the X
direction across the table. The position of the yoke on the ball screw provides data
corresponding to hole locations in the Y direction”. While the disclosed automatic
inspection systein is movable in one direction with respect to the analysis of a given flat
30  workpiece, the motion and extent of travel for the system is subject to the mechanical
limitations of the ball-screw driven yoke and bottom bar.

P. Vachris, and T. Rodby, Portable “T"-Configured X-Y Plotter, U.S. Patent No. -
5,072,410 (10 December 1991) disclose a portable, X-Y plotter capabie of plotting on
35  any sized medium and work surface, which comprises “a generally T-configured
instrument transport assembly for controllably imparting a dual (X-Y) axis transiation to
an instrument (e.g. plotting pen) across a workpiece (paper) and controllably engaging
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J. MO ean, N~ Canpbell, and L. Reid, Utrasonic Scanning System U. S.
Patent No. woO9/M4881, 177 (14 Novenber 1989) disclose an ul trmsa&zzmm
scanning systemfor testing |large curved conmponents, with "water jet
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capabl e of plottd rr].%nary primary coil may be employed for inductive coupling to a recharge coil that is
mounted for movement with the printhead and the onboard battery, thereby permitting
recharging of the battery when the printhead is in a rest position” . While the disclosed
printhead electrical connections provide a printhead that uses onboard power for

25  printing to a medium, and for receiving drive signals, the motion and extent of travel for
the plotter is subject io the mechanical limitations of the translation arm that the
printhead travels across. As in other prior art systems, the plotter output image is easily
obscured by the plotting components while the plotting operation proceeds.

30 The disclosed prior art systems and methodologies thus provide basic plotting systems,
but fail to provide a plotter print head that is independent of the mechanical limitations
of a fixed two-dimensional device, and also fail to provide a plotter printhead that does
not obscure the plotter output image while the plotting operation proceeds. The
development of such a robotic plotting system would constitute a major technological

35 advance.



35 any sized nedium and work surface, which conprises "a generally

T-configure i nstrument transport assenbly for control

i mparting afi\g& 9/3(%-6Y) axis translation to an i nstrument e_8%l_097
plotting pen) across a workpi ece (paper) and controllably engagi ng WO
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Eur opean Pat ent BBBEFE i thefprm of a smalbhagg Y€ il ed 25 August 1994)
di scl oses a scanning head printer that includes a battery that is
onboard a reggipr ”'Qg?r' a r Wel . . ssary.for
printing on';f (§) a }r??gg%hm rslﬁlg&ggfé’gcﬁ‘%@%%ﬂ%g}ﬁ? ) 1?%?5%}1{2%;1%%'0:2%%?3%%(@ the
firing ink from periphery of the print area 22, transmits a combined signal 16 having distinct
frequencies that communicate printhead coordinate 64, 66 and pen activation 68 signals.

A detection system 50 on the printhead 18 is used to receive the combined input signal

16 from the remote transmitter 14, isolate the printhead coordinate 64, 66 and pen

20 activation 68 signals from each other, and process them independently to determine the
desired location of the printhead 18 and of the position of the pointing tip 21 of the pen

20, _

One alternative embodiment includes at least one printhead homing signal 102, wherein

25 a portable plotter/printhead 185 can accurately update its curent X and Y position with
respect to the fixed location of the remote transmitter 14b or to separate pointer
benchmarks, to more accurately produce an output image 25, particularly if the
recording medium 22 is mounted on a non-uniform surface 23,

30  Another embodiment includes a “presentation” output signal 16, wherein the output
signal 16 multiplexed to the plotter 18 for output to the medium 22 is synchronized with
the order an input signal 127 is produced, such that the plotter can provide a "real-time”
image 125 (e.g. following the handwriting of a person P on another surface 22, such as
on a whiteboard, overhead projector, paper. or an electronic tablet and pointing device.
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the scanning printhead are transmtted in a wireless fashion. The scanni ng
print head 20w ¢iadse free of restrictive cables that |ink thecpgssfigad to
stationary eircuitry. "A stationary primary coil may be enpl oyed for
i nductive coupling to a recharge coil that is- nmount ed for novenent

with the printhead and the oar t "y
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provide a plotter print head that is independent of the nechanical

limtations . of a fixed two-di mensional device, and also fail to
provi de a pl ot t eFigwieidris Adanttionsd blodiodisgram 30 of a rebotioploers e t he pl otter out put
i mge whil eiphe plotting operation proceeds. The devel opnent of such

a robotic pl ottipg system woul d constitute a najor technol ogical 35 .
advance. 1gure’4 is a flow chart which illustrates how the signal from a transmittey into a roboo

99/ 31466 plotter is processed;
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Figure 5 is a perspective view of a plotter transmiiter module;
15

Figure 6 is a functional block diagram of a plotter transmitter module;

Figure 7 is a functional block diagram of a plotter transmitter module;

20 Figure 8 is a top view of an alternate robotic plotting system having a printhead position
signat;

Figure 9 is a functional block diagram of a robotic plotier having a printhead position
transmitter; and

25
Figure 10 is a view of a real-time display robotic plotting system;
Figure 11 is a top view of an alternate robotic plotting system having a flexible signal
and power lead;

30

Figure 12 is a functional block diagram showing inductive coupling betwesn a plotter
transmitter module and a robotic plotter printhead; and

Figure 13 is a top view of an alternate robotic plotting system having a plotter printhead
35 surface attachment layer.



SUMVARY OF THE | NVENTI ON A robotic plotting system 10 i s provi ded,

I n Wmchar | otter 18 having a printhead is pI
subst anti al lyB?Paf Eori zontal surface 24 upon a recording 5 %%@52

and is directed across the madi um 22 by ranging signals 16 transmtted to
the printhead 18 fr h I h m 22. 1n one
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t he periphery of the print area 22, transmits a combined signal 16 having distinct
frequencies that communicate printhead coordipate 36, 40 and pen activation 44 signals
(FIGS 3, 4). A detection system 50 on the printhead 18 is used to receive the combined
20 input signal 16 from the remote transmitter 14, isolate the printhead coordinate 64, 66
and pen activation 68 signals from each other, and process them independently to
determine the desired location of the printhead 18 and of the position of the pointing tip
21 of the pen 20.

25  Remote Plotting Process. The remote plotting process comprises the following
steps: '

i) inputting a plotter signal 16 to a robotic plotter printhead 18 having a pen tip

25
30
i1} amplifying the input signal 16, if necessary;
iit} feeding the amplified signal 16 through a plurality of filters (56, 58, 60) to
produce the desired X and Y location component signals (36, 40) and pen
35 activation signal (44) for the robotic plotter printhead pen tip 21;



recordi ng- medi um 22 i s nounted on a non-uni formsurface 23. 30 Anot her
enbodi ment i e d4Bemea " presentation” output signal 16, wher eipcisosRbgut
signal 16 multiplexed to the plotter 18 for output to the medium22 is
synchroni zed with the order an input signal 127 is produced, such
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Figure 1 is & top. Vvigsodingth@iifr@RDin respohed thithegped i6tiviibn signdd (44)Fi gure 2 is
a perspective view of a robotic plotter, having nmeans for noving in a
plurality of directions X, Y across a recording nedium and a pen that is
sel ectively Figuer? iiv atpetspective viowef iarbbotaoploatet priathéudt 182 haeingrmiang for

medi um moving 26, 28 in a plurality of directions X, Y across a recording medium 22, and 2
pen 20 that is selectively activatible to come into contact with the recording medium 22.
10 The means for moving 26, 28 in a plurality of directions X, Y can be either separate
drives that each move the robotic plotter printhead 18 in either the X or Y direction, or
can be a single drive means that can selectively move in any direction across the X - Y
plane upon the recording medium 22. The pen 20 has a pointing tip 21, which comes
into contact with a recording medium 22 when the pen 20 is in the “pen down”
15 position, and is moved away from contacting the recording medium 22 when the pen 20
is in the “pen up” position. While Figure 2 shows only one pen 20, alternate printheads
18 hold multiple pens and activation devices simultaneously. Multiple pens 20 are used
to plot images 25 having multiple colors, or are used to plot images having different line
widths. In other embodiments, one or more inkjet pens 20 are used, wherein the

20  activation device 46 is used to selectively activate the pens 20 to spray ink or toner.

The robotic plotter printhead 18 has an outer housing 27 that contains the pen 20, the
means for moving 26,28, the internal electronics (discussed below), and the receiver
antenna 24, which is used to receive input signals 16.

25
Figure 3 is a functional block diagram 30 of a robotic plotter printhead 18. The
printhead 18 can be powered from a number of sources 34, including but not limited to
replaceable batteries, rechargeable batteries, or solar cells. In one alternate embodiment
160, as shown in Figure 12, a stationary primary coil 162 is included in the plotter

36 transmitter module 14, The stationary primary coil 162 provides power, through
inductive coupling 166, to a recharge coil 164 located within the robotic plotter
printhead 18d, when the robotic plotter printhead 18d is stored in a home position next
to the plotter transmitter module 14. The recharge coil 164 is connected to the
rechargeable battery power source 34 within the robotic plotter printhead 18.

35
Input signals 16 enter the processor module 32 through the receiver antenna 24. The
processor module 32 includes both signal receiving and processing capabilities, as



Figure 3 is a functional block diagram 30 of a robotic plotter; 10

Figure 4 is _a flow chart which illustrates how the signal fr i
transmtter wﬂt"?f W% oboti ¢ plotter is processed, 9@1‘/?]&?8&10%7 5is
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Figure 13|satop vi‘ew of an altern ot|c plotiing syste aving a
plotter printheefdium.

10 Supply power is fed to an activation device 46, for the controlled activation 44 of the
pen between a “pen up” position and a “pen down” position, which moves the pen tip
21 into contact with or away from an output medium 22.

Figure 4 is a flow chart of the detection system 50, which illustrates how the ranging

15 input signal 16 from a plotter transmitter module 14 into a robotic plotter printhead 18 is
processed. An incoming signal 16 enters the receiver 32 through the receiver antenna
24, and is amplified by the signal amplifier 54. The input signal 16, contains signals of
distinct frequencies, which communicates X information, Y information, and pen
activation information simultaneously. The detection system 30 isolates the input

20  signals 64, 66 and 68 from each other, using bandwidth filters 56, 58 and 60, and
processes them independently, within a microcontroller 62. The microcontroller 62
selectively and simultaneously produces activation signals 36, 40 and 44 1o control the
movement of the robotic plotter printhead 18 in the X and Y direction, and the activation
of the pen 20, upon the surface of a recording medium 22.

Figure 5 is a perspective view of a plotter transmitter medule 14, which is typically
located on the peripbery of a recording medium 22, and transmits signals 16 to the
robotic plotter printhead 18. Figure 6 is a functional block diagram 80 of the plotter
transmitter, Figure 7 is a functional block diagram 90 of the plotter transmitter module
30  14. Anincoming image signal 12, typicaily a digital signal, is fed to a signal processor
82, which produces a composite signal that contains the information necessary for the
robotic plotter printhead 18 to draw an image 25 upon a recording medium 22. A
plotter transmitter 84 transmits the siganal 16, through a transmitter antenna 70. The
plotter transmitter module 14 can be powered by external power 72, or by an internal
35  power source 86.
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DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
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bounces a pnnthead position signal 102 off the pointer benchmarks, to confirm its own

current position, and adjust its plotter output accordingly to accurately produce an
output image 25.

Figure 10 is a view of a real-time display robotic plotting system 120, which includes a
“presentation” output signal 127 at a first site 124, wherein the output signal 16
multiplexed to the plotter 18 for output to the medium 22 is time-synchronized to the
presentation output signal 127, such that the plotter 18 can provide a “real-time”
presentation of an image 25 at a second site 136 (e.g. following the handwriting of a
person P on another surface 122, such as on a whiteboard, overhead projector, paper,
or an electronic tablet and pointing device). In this embodiment, a presentation signal
processor 126 uses a software algorithm to convert an entered image 123 on an
electronic presentation whiteboard 122 to a digital image sigﬂal 127. The digital image
signal 127 may be also combined with a sound signal 131 from a microphone and
recorder 130 in a presentation signal transmission device 132, before being transmitted,
through a network 134, to a second site 136,

The incoming signal enters presentation signal reception device 138, which splits the
image signal 12 from an optional sound signal, and sends the image signal 12, typically
a digital signal, to the plotter transmitter module 14, and sends the optional sound
signal, which is typically an analog signal, to a speaker 140.

Figure 11 is a top view of an alternate robotic plotting system 130 having a flexible
signal and power lead 152, which is tethered between the plotter transmitter module 14¢
and the portable printhead 18c. Power, input signals 12, and location signals 102 can
be extended between the portable printhead 18c and the plotter transmitter module 14¢
by a plurality of flexible conductive wires, which make up the flexible signal and power
lead 152. In this embodiment 150, the portable printhead 18c can still be used to print



area -plotting system 10 is provided in the formof a small hand-held
device. 15 wogosuggenote transmtter 14, preferably an ultr ggqaisds21e07
transmtter-14, |ocated beyond the peri phery of the print area 22,
transmts a conbi ned signal 16 having distinct frequenci es t hat
communi cate pri coardi nat e .36, .40. an en activation.44 signals
(FIGs 3. ay. " bR die SARED! PEmB e pivind bt enlighs Shifeleinafh e, o
t he conbi ned 20 portabippowed sprete and rdducing thesignahproeessing wompleity of #ansismhgt e
the printhead coQifinatid 8écefbsi 184, | ' m
each ot her, and re ohilge%s_ tgerﬁelgns %%aésngeéﬁtg%yaﬁgb s d%éfélg%rr Snﬁ%ch'legﬂééé gnecisgh%ed
| ocati on of thepg?? prntieadd 8and of the position of the pointing tip

21 of the pen 20. 25 Renote Plotting Process. The renote plotting _
process conpris t he_ f.ol | owi n steps, .. . i%,é{i nputting a
plotter signal %%?3 '} BI5H Y‘Eg’p‘?fcﬁ”‘taétremﬁﬁ OPPREROHRE Y Semgl 70 Hawineq plotter

21; 30 printhead su)faceyplactinyénntryérniG2) Wheh itds dpsiztd thplace b remtdiag aeium
iii) feeding th iLf i ' I j fo fd Lt 6,
58 60) to o 2SRkl by S ehlertcd, B 0ied ) Lbihispitte £ By ot
signal s (36, 40pmipdimsats igBay be useful to incledejaratans for sitaphing a(plarer ponthedddo the

gobot I c plofg er reokdihg edivRe 22 and titelsurface 23 such as through electrostatic or magnetic
coupling. In Figure 13, a magnetic attachment layer 172 is placed between the
recording medium and a surface. The robotic plotter printhead includes an attachment
magnet to confine movement of the plotter printhead 18e to the recording surface 22. In
some embodiments, a separate attachment layer 172 is not necessary.

13

System Advantages. The robotic plotter system 10 provides many advantages over
prior plotting systems. The use of the a portable, wireless printhead 18 allows the
system 10 to display or print large formats economically, without a fixed carriage to
provide a means for the mechanical displacement of the printhead in a plurality of

20  directions. The robotic plotter system 10 can print or display onto a variety of
mediums, using different pen or ink jet tips 21, and easily produces large format images
economically. The robotic plotter system 10 also has the ability to display an image 25
without obscuring the image 25 while it is being drawn, since the portable printhead 18
is not attached to complex axial arms or locating bars.

25
Although the robotic plotting system and its methods of use are described herein in
connection with plotting onto a recording medium, the apparatus techniques can be
implemented for other input or output display devices, or any combination thereof, as
desired.

30

Accordingly, although the invention has been described in detail with reference to a
particular preferred embodiment, persons possessing ordinary skill in the art to which
this invention pertains will appreciate that various modifications and enhancements may
be made without departing from the spirit and scope of the claims that follow.

10
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20 are used _Contf@_@dma@tlerthes 25 having nultiple colors, or are used to
pl ot images having diafdegi@Rkeidatd¥y said first %%xﬁl ﬂﬁouéh%aﬁ?&&ive@@iéﬁﬂh{%?%ﬁngne
or nore inkjet pens é are used, Wherein the 20 S

activation device 46
used to sel ecti YBIASAETEFFANE MRl Thens 20 to spray ink or toner.

15 2. The robotic plotting printhead of Claim 1, wherein said first surface is
substantially planar.

3. The robotic plotting printhead of Claim 1, wherein said first transmitting element
is located along the periphery of said recording medium.

20
4. The robotic plotting printhead of Claim 1, wherein said first sigral is a
microwave control signal.
3. The robotic plotting printhead of Claim 1, wherein said first signal is an

23 ultrasonic control signal.

6. The robotic plotting printhead of Claim 1, wherein said first signal is an infrared
control signal.

36 7. The robotic plotting printhead of Claim 1, further comprising:
a printhead transmitter element adapted to transmit a homing signal to said first
transmitting element.

8. The robotic plotting printhead of Claim 1, further comprising:

35 a printhead transmitter element adapted to transmit 2 homing signal to a pointer
benchmark,

11



The robotic plotter printh " ter housing 27 that confains the
pen 20, the wo 9931488 ANS fiﬁi‘ Ehﬂﬂﬁmt he internal el ectpepiRssnio07 -
(di scussed below), and the’ VeI s s antenna 24, which ?s used to
receive input signals 16. 25 Figure 3 is a functional block diagram -
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repl aceabl e batteri esponabldpovgesdiree. batt eri es, or solar cells. In one

al t ernat e enbodi nent 160, as shown in Figure 12, a stationary
primry coil 1% is ipcluded in the plotter 30 transmtter nodule 14. The
stationary prinafy cOpgrobgic peting a@uﬁqgé\méﬁ,lmmﬂr farger comprising:i nducti ve

coupling 166, to a reeBAbRSoweE lead Rthek @ iWaldoBotlc WortinP itfedd Al &
print head 18d, }a/n?{}m% he .r oebpotic plotter printhead 18 igs s?gé%tgea?n&gtsﬁgrre
position next CXSUUANSIURgElemEnS: i or transmitter nodul e 14. The recharge
coil 164 is connected to the rechargeabl e battery power source 34

within the robogic p Nt 8. 35 . | nput signals 16 enter

t he processor rrIl)%fuI ek%é&g{?rp%{g%spﬁggré’ggrggﬁ' antenna 24. The

processor nodul e 32 #fEt sitase bdaptedso grositica @ prebaniatign angupsigmbmsiesyynse to an
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capabi | i ti g9, afmage entered by a user at a first site:
VO 99/ 31466 g y a user at a first site;

PCT/ US98/ 21007 a netwiopkaflaptsd 1g sand sald presapiplion pumksignsl frematfiret sitedo a
nmovenent in these¥ortd girgtion 36 is fed

a plotter transmitter module at said second site adapted to receive said
presentation output signal and also adapted to transmit a first plotter signal; and
13 a plotter printhead at said second site having a receiver element adapted to
receive said first plotter signal from said plotter transmitter module, a motorized drive
system directed by said first plotter signal through said receiver element for propelling
said robotic plotter printhead across a recording medium in a controlled manner, and a
pen tip activated by said first plotter signal through said receiver element for writing
20  onto said recording medium.

12, The robotic plotting printhead of Claim 11, further comprising:
a sound recording systemn adapied to produce a sound output signal in response
to sounds entered by a user at a first site, wherein said network is adapted to send both
25  said presentation output signal and said sound output signal from said first site to said
second site; and
a sound presentation system at said second site adapted to receive said sound
output signal from a first site, and present said sound signal at said second site.

30 13. The robotic plotting system of Claim 11, wherein said plotter transmitter module
is located along the periphery of said recording medium.

14, The robotic plotting system of Claim L1, wherein said first plotter signal is a

microwave control signal. . ST
35

15.  The robotic plotting system of Claim 11, wherein said first plotter signal is an

ultrasonic control signal. '
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controll ed novenent in the ' [ {18 ] Jm,m!ﬂl 40 is fed to a stepper notor
42 which is used to activate réllkrs*28 that guide 5 the robotic
plotter printhead 18 in the Y direction. As discussed above, a single drive
system 26 can be gsed having a drive nmotor and a neans for. sel ectively
directiing the 16 Thewmbosc plogingnringicas phGlaun 1.gvhesein sgid dirstqdetien sigaatrinas
the X - Y plane affrardecon@sdighiang medi um 10 Supply power is fed
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and Y direction, }dnd Theprmeessphfiagm 17, further comprising e aepof: upon the surface
of a recordiigg nedi umiRglifyd said input ploltBitkighab 1S @ perspective view of a
plotter transmtter nodule I4, whi cﬁ is typically | ocated on the
peri phery of a recording nedium 22, and transmts signals 16 to the
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out put i mge 25. Figure 10 is a ViEM/Of a reel-time display robotic
pl-otting syswemelid@dss whi ch i ncl udes a 15 "presentation” outpdi/uséstiiadr 127
at a first site 124, wherein the output signal 16 mul tipl exed to the
plotter 18 for output to the nmedium 22 is tinme-synchronized to the
presentation output signal 127, such thgt,the plotter 18 can provide a
"real -ti nme" presentation of an i 25 at a second site 136 (e.qg.
foll owi.ng the handwiting of a person P on another surface 122, such
as on a whiteboard, overhead projector, paper, 20 or an electronic tabl et
and pointing device). In this enbodi nent, a presentation signal

processor 126 uses a software algorithmto convert an entered i mage 123 on
an el ectronic presentation whiteboard 122 to a digital inmage signal
127. The digital inage signal 127 may be al so conbined with a sound
signal 131 froma m crophone and recorder 130 in a presentation
signal transm ssion device 132, before being transmtted, 25 t hrough a
network 134, to a second site 136. The inconmi ng signal enters
presentation signal reception device 138, which splits the i mge
signal 12 from an optional sound signal, and sends the imge signal 12,
typically a digital signal tAAe plotter transmtter nodule 14, and
sends the optional sound 30 S|gnaI1 ich s typically an anal si gnal
to a speaker 140. Figure 11 is op view of an altern botic
plotting system 150 having. a fl ex signal and power |dad 152,
which is tethered between ﬁ&@\gDotter transmtter nodul e 1l4c and the
portabl e printhead 18c. Pawer nput signals. 12 _and location signals 102
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transmtter nodule E%Z jprdaegggﬁtj t%-of £l exibl® conductiye wires,
whi ch make up the f & and r Puﬁﬂﬁ% tIn this
enbodi ment 150, the portja ~hea ggll e used tojprint

34 40 . 42 v
___755“/ Movement
A 220 P

Power
46 T Activation

Source\
v

&

(1

s

Fig. 3



9 WD 99/ 31466 : :
PCT/ US98/ 210Q 99131466, 1O @ large variety of mediuns having qkﬁ%%ﬁﬁaio7'
di mensi ons, -while éiininating t he portabl e power source an redhcing
t he signal processing conplexity of transmtting, recei ving and
process signals between the plotter transmtter nodule 14c and the

portable printhead 18c. 5 Figureés s a top view of an alternate
roboti¢ plotting system 170 having a plo print head surface
attachnment | ayer 172. Wien it is desired to place a recordi ng nmedi um

22, such as paper or a whiteboard, on a vertical or highly inclined surface
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medi ums, using different pen or ink jet tips 21, and easily produces |arge
format i nmagegyo ggs146s€CONONI cal ly. The robotic pI otter systempgr gdoR1dd@S
the abil'ity-to display an i mage 25 wi t hout obscuring the image 25
while it is being drawn, since the portable printhead 18 i s not
attached to conpl ex axial arms or |ocating.bars. 25 Al t hough the
robotic plotting systemand its nethod use are described herein in
connection with plotting onto a recordi ng nmedi um the apparatus techni ques
can be i npl enented for other input or output dlspi devi ces, or any
conbi nation thereof, as desired. 30 Accor 2gly, al t hough the
i nventi on has been described in detail with referencejto a

particul ar preferred enbodi nent, sSQQS possessi ng di nary skill in the

art to which this inventidn~p ains will appreciate that various
nodi ficati ons and enhancenents may be made w ut departing from
the spirit and scope of the clains t fol | ow
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CLAI M5 VWhat is clainmed is: 5 1. A robotic plotting printhead
for printing ecordi ng nedium said recordi ng megl ed
on a first sur Baég"'el,gﬁ{:onpri Si ng: a receiver el enewggzy‘g’é to
receive a first signal having a first frequency froma first
transmtting el ement: a notorized drive systemdirected by
said first signal through said receiver el enment for propelling said
robotic plotting printhead across said cording nediumin a

controll ed manner; and a pen tip activated by said first
signal through said receiver elenent for witing onto said recording
medi um 15 2. The robotic plotting printhead of Caim 1, wherein
said first surface is substantially planar. 3. The robotic
plotting printhead of Claim1l, wherein said first transmtting el ement

is located along the periphery of said recording nedium 20 4. The
robotic plotting printhead of C ai @0 wherein said first signal is a

m crowave control signal. 57 The robotic plotting printhead of
Claim1l1, wherein said first signal is %25 ul trasonic control signal.
6. The robotic plotting prié@ead of aim 1,84[ner ein said first signal
is an infrared Z

Incoming I
Signal Signal | Transmitter 70

;_. Processor
12
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control signal.” 30 7. The robotic plotting printhead of Caim1,
further conprye basEdss a printhead transmtter el enpatagsgpioed to
transmt a homng signal to said first transmtting el ement. i 8
: ‘The robotic plotting printhead of Claim1l, further conprising: 35

a printhead transmtter el enent adapted ?8ransm't a homng signal to a

poi nt er benchmar k. WO 99 6 )
PCT/ US98/ 21007 9. The robotic plotting printhead of Claiml1,
further conprising: a poriﬁ?ﬁ power sour ce. 10.

The robotic plottin rint hei$o aim 1) rther conmprising: 5

a flexible power |lead t er bet weel»sa d robotic plotting pri t?é}d and
sai d first transmt~<y el enent . ’ : A robotifc plotting
system conpri sing: Igﬂz st Xﬁ«a}géfida to oduce a
presentati on out put signal 24: %spo p anp0 I ma tered by a user
at a first site; \ \ : 36
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a network adapted to send said presentation output signal froma first site

to a. éélte; a plotter transnttter @g
sai d second- S|te adapted to receive said presentatlon naI

and al so adapted to transmt a first plotter signal; and 15

plotter printhead at said second site having a receiver elenent adapted to
receive said first plotter signal fr id plotter transmtter nodule, a
not ori zed drive systentdirectg? said first plotter signal through

said receiver elenent for propelling said robotic pIotter pri nt head
across a recording nediumin a confrolled manner, and a pen tip
activated by said first pl er S|£E§3 through sald rece enent for
writing 20 onto said re di ng nmedi um he robotlc
plotting printhead of Claim : a sound
recordi ng system adapt A sound‘output S|gnal n response

to sounds entered by aliu ; i's
adapted to send both 2 1a| id sound
out put signal from sai second i and

a sound presentation system Qi m SI te adaptedjt¢ receive said _
sound out put si e, and preseft|said sound signal
at said second site. Yfe robdtic plotting of Claim1l
1, wherein said plott rg@sntt er nodul is | o¢at ong the
perlphery of said recgrding nmedi um 14. The tic plotting

systemof C aim 11, said first ,8 er signal i§ m cr owave
control signal. 35 ) The rgboticplotting systerhof Caimll
wherein said first pl ' ul trasonic g¢gontrol signal
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12 ' WO 99/ 31466 PCT/ US98/ 2107
16. . The roWgdomumeot ting printhead of Claimil, wherein saidpdi/fi§gb03t t €F

signal i's an infrared control signal. 5 17. A process,
conprising the steps of: inputting a plotter signal to a
renmote plotter printhead having a pen t4p, feedi ng said
plotter signal through a plurality of E%rs to produce X.and Y '

| ocatiqn conponent signals and a pen activation signal;

selectively directing the renote plotter printhead across a recording
mediumin 10 response to said X and Y | ocation conponents signals; and
sel ectively noving said pen tip into contact with or away from said
recordi ng mediumin response to said pen activation signal.

18. The process of Caim1l7, further conprising the step of: 15
anplifying said input plotter signal. 19. The process of Caim 17
wherein said plotter signal is an ultrasonic signal. 20. The
process of Claim 17, wherein said plotter signal is an infrared signal.
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{54) Title: ROBOTIC PLOTTER SYSTEM

(37) Absiract

A robotic plotting system (i0) is provided, in which a robotic plotter (18} having a printhead (18) is placed on & substantiaily fiat
horizontal surface (24) upon a recording medium (22), and is directed across the medium (22} by ranging signals (16) transmitted to the
printhead (18) from the periphery of the recording medium (22). In one embodiment, the robotic printhead (18) includes 2 motorized drive
mechanism {26, 28) that propels it across the surface of the recording medium (22) in a controlled manner, for example using microwave
conirol signals (16). Thus, a user can place a piece of paper (22) of any size on a flat surface (23) such as a table or floor, and the printhead
(18) is propeiled across the surface (23) and is directed by signals (16) beamed between the printhead (18) and a control mechanism (14).
In this manner, a large—surface—area plotting system (10) is provided in the form of a small hand-held device.




