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The raised letters, numbers or other graphic images, as viewed from a
position in front of the sign, each have two beveled sides or “facets” located within
the initial graphic representation. The facets abut along an edge to form an apex,
typically along the center of the lettering. The letters, numbers or other graphic
images may include a “return,” which is a measure of the distance between the
lowermost edge of the facets and adjacent background. Such letters, numbers and
other graphic images are referred to generally as “prismatic lettering” or “convex
lettering,” since the letters, numbers or other graphic images have a generally
prismatic, convex cross-section.

Wooden signs with raised lettering, including those with prismatic

- lettering, have been produced for many years by hand-carving the sign from a
wooden block, thick wooden board, metal, plastic or other suitable material, referred -
to herein as “sheet material.” Hand-carving a wooden sign requires an experienced
craftsman, a number of different and expensive tools, and a large amount of time to
produce a sign. For aesthetic reasons it is usually desirable that such a sign be
produced from a single block or thick sheet of wood.

To produce a hand-carved sign, a craftsman selects a piece of sheet
material, stencils a proposed design onto the sheet material, and removes sheet
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To p?oduce a hand-carved sign, a craftsman sel ects a pi ece of sheet
material, stencils a proposed design onto the sheet material, and renoves

sheet 2 material fromareas within the design to produce rough letters,
nunbers of graphic images on the sheet material. He or she then bevels t he
top surface of the rough letters to formXhe prismatic lettering. S
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' more common. The term “two dimensions” refers to the fact that a machine is

capable of moving an associated cutting tool in only a two dimensional tool path at
any given time, and is manually moved in the third dimension, i.e., indexed, in
between tool paths. The term “two and a half dimensions” refers to the fact that a
machine is capable of moving an associated cutting tool in only a two dimensional
tool path at any given time, and is capable of automatically indexing the tool in
between tool paths. Known cutting machines operating in three or more
dimensions generate incised lettering, rather than prismatic lettering.

' Machines capable of operating in a five dimensional tool path, the X, Y
and Z axes, together with a capability for rotation about the axis of rotation of the
cutting tool in two, additional directions, are extremely expensive, and there are
relatively few such machines available. In contrast, machines that operate in three
or fewer dimensions are substantially less expensive. Moreover, the number of

computations that must be made to generate the information to operate the cutting
head in five dimensions, and the corresponding time and memory needed to
accommodate such computations, in order to generate corresponding tool paths is
very substantial.



“Mach¥ nes capabl e of operating in a five dinensional tool path, the X, Y and
Z axes, together with a capability for rotation about the axis of rotation
of the cutting tool in.two, additional directions, are extrenely expensive,
and there are relatively few such nachines available. In contrast, nachines
that operate in three or fewer dinmensiond are substantially |ess expensive.
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It is accordingly an object of the present invention to provide a method
of producing signs having prismatic lettering that overcomes the drawbacks and
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disadvantages of prior art methods for producing signs having prismatic lettering.
SUMMARY OF THE INVENTION

The present invention relates to signs having prismatic graphic images
such as letters, numbers and/or other graphic images that are produced by
removing material from a sheet material using an automated cutting machine.

According to one aspect of the present invention, a method is provided
for producing prismatic graphic images in sheet material of a predetermined
thickness using an automated cutting machine that is responsive to tool path
signals and has a rotary cutting tool for removing material from the sheet material,
the cutting tool has an axis of rotation, a radius extending from the axis to an outer
edge of the too), a cutting surface and a cutting angle defined by the cutting surface
and a plane normal to the axis, the graphic images have a preselected, two- '
dimensional initial graphic representation, and the method comprises the steps of:



Yt is accordingly an object of the present invention to provide a nethod of
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| in the sheet material in accordance with the graphic images generating program, the

initial graphic representation being defined by a predetermined data set;

m

determining a maximum stroke width of the graphic images in accordance with the
initial graphic representation and generating signals indicative of the maximum
stroke width; determining tool paths in accordance with the signals indicative of the
initial graphic representation, the signals indicative of the maximum stroke width,
and the signals indicative of the tool radius and cutting angle, the tool paths being
oriented generally normal to the axis of rotation, and generating signals indicative
of the two-dimensional tool paths; and presenting the signals indicative of the tool
paths to the automated cutting machine.

According to yet another aspect of the present invention, an apparatus
is disclosed for controlling an automated cutting machine for producing prismatic
graphic images in sheet material having a predetermined thickness. The automated
cutting machine is responsive to tool path signals and has a rotary cutting tool for
removing material from the sheet material. The cutting tool has an axis of rotation;
a radius extending from the axis to an outer edge of the tool, a cutting surface and a
cutting angle defined by the cutting surface and a plane normal to the axis. The



“the Yaxis to an edge of the tool, a cutting surface and a cutting angle
defined by the cutting surface and a plane nornmal to the axis, the graphic
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associated cost to prepare than does the three-dimensional model.

Another advantage of the present invention is that since two-
dimensional tool paths are preferably employed, the invention only requires a
cutting machine capable of operating in two or two and a half dimensions to
produce such signs, and such machines are substantially less expensive than
machines which operate in five dimensions. Of course, the present invention can
be used with a machine capable of operating in more than two and a half
dimensions. In contrast to hand-carving, which is a labor-intensive activity,

producing signs using automated cutting machines is relatively capital-intensive,

~ although there is “labor” involved in programming the machine. As noted above,
machines that operate in two or in two and a half dimensions are less expensive,
and correspondingly less expensive to purchase, lease or otherwise use in the
production of signs than, for example machines that operate in five dimensions.
Accordingly, the expense associated with purchasing, leasing or otherwise using
automated machines to produce such signs are substantially reduced.

Another advantage of the present invention is that smaller cutters can

be used to produce signs that include large, prismatic lettering. Accordingly, the



vpaths in accordance with the signals indicative of the initial graphic
representation, the signal indicative of the maxi num stroke w dth, and the
signals indicative of the tool radius and cutting angle, the tool paths
being oriented substantially normal to the axis of rotation, and for
generating signals indicative of the t 06l paths. The ap aratus al so
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which require the use of a three dinensional cutting nmachine. A substanti al
‘time and cost savings is realized, as the nmaking of a two-dinensional
initial graphic representation requires far less tine, effort and

associ ated cost to prepare than- does the three-dinensioenal nodel. Another -
advant age of the present invention is that since two- di'nensional tool
paths are preferably enployed, the invention only requires a cutting
machi ne capabl e of operating in two or two and a hal f dimensi-ons to produce
such signs, and such machines are substantially |ess expensive than

machi nes which operate in five dinensions. O course, the present i nvention
can be used with a machi ne capabl e of operating in nore than two and a half
* dimensions. In contrast to hand-carving, which is a |abor-intensive

;i activity, producing signs using automated cutting machines is relatively

"~ capital -intensive, although there is "labor" involved in programm ng the

. machi ne. As noted above, machines that operate in two or in two and a half

. dinensions are | ess expensive, and correspondingly | ess expensive to
purchase, | ease or otherwi se use in the production of signs than, for
exanpl e machi nes that operate in five dinensions. Accordingly, the expense
associ ated with purchasing, |easing or otherw se using-automated nachi nes
to produce such signs:are substantially reduced. Another advantage of the
present invention is that smaller cutters can be used to produce signs that
., include large, prismatic lettering. Accordingly, the 6 safety issues,

' and cost considerations, associated with prior methods utilizing |arge
cutters are substantially avoi ded.



‘0t het advant ages of the present invention will becone apparent in view of
the followi ng detail ed description and attached cl ai ns. 7 BRI EF

DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic, perspective view of a
cutting machine in accordance with the present invention. FIG 2 is a
schematic view of the cutting head and cutting tool of the machine of FIG
1. FIG 3ais a schemt iBiHEFgBESQBWHDM@RJE DRAWINGS: er "1" produced
using the machine of FIGS. 1 and 2 in accordance W|th the present
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machi ne. The controller 12 and automatic cutting nmachine 14 are
electrically DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning ndéw to FIG. 1, a device 10 is shown for producing signs with
prismatic lettering in accordance with the present invention. The device 10
includes a controller 12 having a computer, and an automatically controlled cutting
machine 14 for removing material from a sheet material S and for producing
graphic images such as letters, numbers and other graphic images, referred to
collectively as graphic images, in the sheet material in accordance with signals
indicative of tool paths. The sheet material may be a wooden block or thick sheet of
wood, plastic, or other similar material for use as a sign. While illustrated as a
single unit, those skilled in the art will recognize that the computer and controller -
may be physically separate units. The computer is used for generating tools paths
and corresponding signals indicative of the tool paths, while the controller uses the
signals to operate the cutting machine.

The controller 12 and automatic cutting machine 14 are electrically
coupled by a cable 16 or other suitable means for carrying signals between the
controller and cutting machine. In the illustrated embodiment, the automatic
cutting machine is manufactured by the assignee of the present invention, such as
those machines marketed as the model “Advantage Router 600™” or “Dimension
200®.” The controller 12 receives signals indicative of initial values for the graphic
images, including information in X- and Y-coordinate directions of an initial
graphic representation for the graphic images, from an input source such as a



;coupFed by a cable 16 or other suitable neans for carrying
the controller and cutting machine. In the illustrated enbo
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automatic cutting machine is manufactured by the assi gnee of the present

i nventi on, such as those rrachl nes marketed as the nodel "Advantage Router
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_an X not GlosgHhaYIQERSEnd Pelatite 8 ShaBaE A ie thdilludfidted X carriage direction.
A lead screw (not shown) or other suitable drive linkage engages the X carriage 24
and is rotatably driven by an X motor 34 in response to signals generated by and
received from the controller 12. Composite motion of the X and Y carriages 24, 26
moves the head 22 and an associated cutting tool over the surface of the bed 20 -
along a desired cutting path parallel to the plane defined by the X-Y coordinate
directions, to selectively remove material from the sheet material S. Alternate
means for translating the carriages, such as cable and pulley systems,
pulleys/pinions, lead screws or ball screws, may be employed with equal effect.
Referring now to FIG. 2, the cutting head 22 is shown in more detail,
and includes a tool mounting plate 36 supported by the Y carriage 24 with bolts (not
shown) or other suitable means. A pair of slide rods 38, 40 are secured in a spaced
relationship relative to the mounting plate 36 by upper (not shown) and lower 42
extending flanges attached to the mounting plate. A cutting tool drive motor 44
having a drive shaft 46 is, in turn, supported by the slide rods 38, 40 through the
upper and lower 42 flanges, which are clamped to the drive motor as illustrated and
slide up and down the rods. In this manner, the motor 44 is moveable substantially
in a vertical, or Z coordinate, direction. A chuck 48 is fixed to one end of the drive
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‘'received fromthe controller 12. Conposite notion of the X and Y carri ages
24, 26 noves the head 22 and an associated cutting tool over the surface of
the bed 20 along a desired cutting path parallel to the plane defined by
the X-Y coordinate directions, to selectively renove material fromthe
sheet material S. Alternate neans for franslating the carriages, such as
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clanmps BRasere oth\t JBnd BoRald i/ow i edge of the facets 62, 64 and a
background of the sheet material S, and is essentially a “step” at which lower edges
of the facets terminate. If provided, the return 58 is preferably constant around the
letter, and may be user-selected and input via the keyboard of the controller 12. The
letter 56 is a prismatic letter, and thus includes two beveled sides 62, 64 that
generally define facets and abut along the apex 60. The angle of the facets relative to
the sheet material S is defined by the angle, described further below, of the cutting
tool 50.

The tool paths to be followed by the cutting head and associated cutting
tool for the letter 56 are illustrated in FIG. 3a at 66, 68 and 70, and the determination
of these tool paths is described below with respect to FIG. 4. As is also discussed
below, the particular tool paths for a given graphic image will differ depending
upon the size and style of the graphic image, as well as any return, and also upon
the cutting angle and radius of the tool 50.

With respect to FIG. 4, the preferred method of the present invention
is described, and initially includes a selection of the graphic image to be produced.
The selection may be made, for example, by the operator through the keyboard 15 or



" ryhen o

‘hel dF by vacuum hol d downs (not shown) such as are narketed bV"? | %EEN
of the present invention, or other suitable neans. Wth refiereng —

S——

3a, 3b and 3c, a letter "I" produced in sheet material in accordance W th

the present invention is indicated generally by the reference nuneral 56.
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graphic representation, in which case the radius of the largest circle that fits within
the initial graphic representation corresponding to the maximum offset.

To determine the maximum offset, an initial offset is selected that is
large enough to ensure an unacceptable condition. That is, the initially selected
offset should be selected which results in an in-line that does not fit within the
initial graphic representation. For example, if the graphic image is roughly 18” by
12,” the initial offset might be 15”. When evaluated by software such as the
“Graphix Advantage®” which is produced and sold by the assignee of the present
invention, this will result in a “failure” condition.

~ From an offset that results in a “failure” condition, a subsequent offset
is selected that is some fraction, for example one-half, of the previous offset. A
signal indicative of the subsequent offset is generated, and is then evaluated to
determine whether the subsequent offset fits within the initial graphic
representation, and thus results in a “success” condition. If the failure condition
again results, then subsequent, smaller offsets are selected and evaluated until a
“success” condition results.

As will be recognized by those skilled in the art, a success condition

indicates that the offset fits within the initial graphic representation, which in most
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*‘input into the controller 12, for exanple after being read froma nenory
storage device, or a graphic inmages generating program and depend upon the
style and size of the inage as well as the position of the inage on the
sheet material. The desired return 58 is also input, preferably via the
keyboard of the controller 12, and a coridespondi ng signal is presented to
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A signal indicative of the value of the minimum thickness T is generated and is
compared, for example by a comparator (not shown separately) of the computer 13,
to a signal indicative of the actual thickness of the sheet material, as is provided
above via the keyboard of the controller 12, to determine whether the proposed
graphic images are too big (thick) to fit within the sheet material S. The return 58, if
any, must also be added to determine the minimum thickness.

If it is determined from the comparison that the minimum th1ckness T
is at least equal to the sheet material thickness, then the graphic image is too deep
for the sheet material. Accordingly, an error signal is generated by the controller 12.
Given an error condition, one or more of the following must be performed:
replécement of the cutting tool 50 with one having a smaller/shallower cutting
angle 78, selection of a sheet material of a greater thickness or of a different graphic
image having a smaller maximum offset, or some combination, after which the
above described steps should be repeated to ensure compatibility of the sheet
mater1al cutting tool and graphic images.
When the sheet material thickness, ¢ uttmg tool and graphic image are

corhpatible, the number of tool passes required to produce the graphic image is then
determined (block 84) using the signal indicative of the maximum offset (OFFSET



rcases means that a larger offset will result in an in-line that still fits
within the initial graphic representation. Accordingly, a |arger offset
that resulted in the success condition nust be determ ned. From an of fset
that results in a "success" condition, the next offset to be evaluated is
some fraction larger than the preV|ou5125uccessfuI of fset. Again, by way of
exanpl emak. Dle Wihilé twbididteristorad It@cﬂt;ﬁisés()axb&ieﬁh@bﬁd belbiwyakiodecskilledh uﬁ It
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of fset and a next- conputed offset is |ess than sonme presel ected val ue, for
exanpl e 0.001 inch. A signal indicative of the value of the maxi num of f set
(OFFSET max.) is then generated, and is stored in a nenory storage device,
e.g:, a RAM of the conputer 13, for subsequent. use. For- a given cutting -
tool 50, the maxi mum offset is used to deterni ne whether the sheet materi al
is of sufficient thickness to produce the prismatic graphic inmge (bl ock
82). If the sheet material is too thin, then the graphic inages cannot be
fully formed in the sheet material. As shown in FIG 2, the tool has a
radius (R) 76, and a cutting angle 78 defined by a plane normal to the axis
of rotation 52 and a cutting surface 80 of the tool. The m nimum thi ckness
(T) of the sheet material required to produce the graphic inmage can be
expressed as: T = (OFFSET nmax.) * tan (a). A signal indicative of the value
of the mnimumthickness T is generated and is conpared, for exanple by a
conparator (not shown separately) of the conputer 13, to a signa

i ndicative of the actual thickness of the sheet material, as is_ provided
above via the keyboard of the controller 12, to determ ne whether the
proposed graphic inages are too big (thick) to fit within the sheet

material S. The return 58, if any, nust also be added to determ ne the

m nimum t hi ckness. If it is determined fromtthe conparison that the m ni num
thickness T is at |east equal to the sheet material thickness, then the
graphic inmage is too deep for the sheet mater,ial. Accordingly, an error
signal is generated by the controller 12. Gven an error condition, one or
nore of the follow ng nust be perforned: replacenment of the cutting tool 50
with one having a smaller/shallower cutting angle 78, selection of a sheet
material of a greater thickness or of a different graphic inage having a
smal | er maxi mum of fset, or sone conbination, after which the above
described steps should be repeated to ensure conpatibility of the sheet
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"material, cutting tool and graphic i nages. Wien the sheet materi al

t hi ckness, cutting tool and graphic inmage are conpati ble, the nunber of
tool passes required to produce the graphic inage is then determ ned (bl ock .
84) using the signal indicative of the nmaxi mum of fset (OFFSET 12 max.).
VWi | e two-di nensional tool passes are déscribed bel ow, those skilled in the
art w || compaged te thdatinirhumethdckness iTowaprodase dise graphie imeges, anddcanf o
exanpl e Ry,Nakdd g the depth of a pass as the width of the graphic inage
changes. T%e requir nurrber of tooI ses (N) is related to the maxi num
depth of the CUttIQS: BB maxs= N db’ﬁg‘;red to the mninmumthickness T to
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speci fi c pabybpithé fellewing efpressiat:i on 52, for each pass is t hen' det er mi ned
using the de = (OFFSETrme pase) * tan(a).
From which: (OFFSETpzg pass) = dan / tan(a ).

The tool path to be followed by the cutting tool 50, and more
specifically by the axis of rotation 52, for each pass is then determined using the
initial graphic representation, the OFFSETpgR pass, and the change in depth per pass
dch. Those skilled in the art will recognize that, for the purpose of determining the
tool path for each pass, it makes little difference if tool paths are calculated from the
apex down, or from the bottom of the graphic image up. For purposes of
illustration, the tool paths are determined from the bottom of the graphlc image
towards the apex.

A first tool path, illustrated in FIG. 3a by the line 66, includes the initial
graphic representation, coupled with a depth (d1) as measured from the top of the
sheet material, equal to the change in depth d, times the number of tool passes N.
The depth (d1) of the first tool path may also be determined using the sheet material
thickness and the return, if any. Signals corresponding to the first pass, including
the depth of the first pass and the first tool path are generated and stored in the
mémory storage device of the computer 13 or other suitable location for subsequent
use. As noted above, those skilled in the art will recognize that each pass and tool
path can be expressed in various ways, such as by a coordinate set or by points and
vectors.

A second tobl path, represented in FIG. 3a by the line 68, is determined
generating an in-line spaced from initial graphic representation by the OFFSETpgg
rass. Lhe second tool path depth (dp) is shallower, as measured from the top of the
sheet material S, by an amount equal to the depth per pass (dcn). Signals
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of determ ning the tool path for each pass, it nakes little difference if
tool paths are calculated fromthe apex down, or fromthe bottom of the
graphic image up. For purposes of illusl4ation, the tool paths are
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preferably executed from the top down, to minimize chipping and splmtenng of the
sheet material. The top-down order is a more efficient use of the machine, and
additionally results in less chipping in the sheet material, which may occur along
the apex 60. Thus, the last pass that was determined will be the first one executed.
In addition, it may be necessary to follow the deeper passes several times, while
indexing the cutting tool after each time, to incrementally remove sheet material.
The image is completed when the automatic cutting machine 14 completes the
initial tool path, in accordance with the signals indicative of the X-Y coordinates of
the initial path and of the return 58, which as noted above is the depth of the initial
tool path 66. When the graphic image, the letter “I” 56, is completed, the process is
repeated for the next graphic image (block 88). Those skilled in the art will
recognize that tool paths for multiple characters, such as letters, numbers, and other
graphic images may be determined prior to carving any portion of the sheet
material S. Any background design is then formed, as desired.

An optional, final step in producing the image is to generate the return
58. The cutting tool 50 is typically replaced with a narrower, straight tool, which is
lowered into the sheet material, and the cutting tool is moved along the tool path
90, to remove material outside of that path.

From the foregoing, a novel method for the production of signs
having prismatic graphic images, such as letters and symbols, using multiple, two-
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“When- al |l of the necessary tool paths have been determ ned and stored, these
signals are presented to and received by the automatic cutting machi ne 14,
whi ch responds by nmoving the cutting tool laterally, and then vertically,
in accordance with the generated signals to renove nmaterial fromthe sheet
material by following the first, secondignd subsequent passes to produce
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i ndi cat i HeTorathere Y dpitatio-es of the initial path and of the return 58,
whi ch as noted above is the depth of -the initial tool path 66. Wen the"
graphic image, the letter "I" 56, is conpleted, the process is repeated for
t he next graphic inmage (bl ock 88). Those skilled in the art will recognize
that tool paths for nultiple characters, such as letters, nunbers, and
ot her graphic images may be determ ned prior to carving any portion of the
sheet material S. Any background design is then forned, as desired. An
optional, final step in producing the image is to generate the return 58.
The cutting tool 50 is typically replaced with a narrower, straight tool,
which is lowered into the sheet material, and the cutting tool is noved
-along the tool path 90, to renove nmaterial outside of that path. Fromthe
foregoi ng, a novel nethod for the production of signs having prisnmatic

_graphic imges, such as letters and synbols, using multiple, two- - 15
“di mensi onal passes with a cutting tool has been disclosed in sonme detail.
However, as will be recognized by those skilled in the art, numerous

i nodi fications and substitutions can be made wi thout departing fromthe
spirit of the invention or the scope of the appended clains. For exanple,

t hree di nensi onal tool paths may be determ ned by varying the depth of the
cutting tool along a tool path in proportion



“to the width of the graphic image at any particular point. Accordingly, the
- present invention has been described in several —preferred enbodi nents by
way of illustra- tion rather than by linitation. 16 What is clainmed is:

1. A nmet hod of producing prismatic graphic ina i al

havi ng a predeterm ned thickness using a6 autorraﬂmlmmlm’@ 'mmLe (14)
bei ng r edfhatsis\daitged iml path signals and having a r Staty Buttirg tool (50)
for renoving material fromthe sheet material (s), the cutting tool having

an axis of rotation (52), ra gs (76). extending fromthe axis to an outer
edge of the tool, & cutf W&ﬂé‘ﬁip pEOqusing Regmatic grephig images i sbsetdef i ned
by the cuhdterigl termircsethieknasb using ae aammateuhmwngdmehmeages

havi ng a q 0, [ k, 5' t he
et hod coRp %féS%he psiifflo b@fﬁ%e%?‘a‘% Ahg f?a "%?9 ‘@%&fﬁﬂfr‘? By o,
initial gmsmnam ﬂmt heet materia |cnﬁmtq upsaumcfn the
tsﬂeet rr?trafah@h (62), aqaambam)?teweht Bifgrofl aiémxes tdﬁﬂ@ﬁt@%ﬁgé&%f ltnéltdmgsr am

e initial.o ent ati on r edeternn
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accor dance e signals.i i
representation, t hge'é‘?'gﬁggsmgq‘?g? Zgi) ‘0&“&“’?9 R rﬁrgﬁlﬁlﬁﬁép’tﬁsﬁ?ﬁuo&rﬁ t he
si-gnal s 'rthei'gmq:ﬂuv émafes trebe podducedi insthersheetumbteripl amghenrdahee withl theat hs
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(86) i ndi é’e&P g3t sebat hs to the automated cuffing machine. 2. A
met hod Fts descri bedeteirmjhm axithiuin 8troke widtls (74) dfithe graphi annta sy ng
materi a .
dan@égo%eﬁéé’ it &esﬁﬁﬁﬁl %%&%é# Rradgrtgicl fd Bebarind qighlts 1Bicalile
produce gma@rmm fhhe sheet material (s).

determmmg tool paths (84) in accordance with the signals indicative of
the initial graphic representation, the signals indicative of the maximum stroke
width, and the signals indicative of the tool radius and cutting angle, the tool paths
(66,68,70) being oriented generally normal to the axis of rotation, and generating
signals indicative of the tool paths; and

presenting the s1gna1s (86) indicative of the tool paths to the automated
cutting machine.

2. A method as described in claim 1, further comprising the step of:

removing material (86) from the sheet material using the rotary
cutting tool in accordance with the signals indicative of the tool paths (66,68,70) to
produce the graphic images in the sheet material (s).



"17 3+ . A nethod as described in claim1, further conprising the steps—of:
determning a mninumdepth of the graphic inmage in aﬂm,E . | e
signal indicative of the maxi numstroke width, and th mmﬂ' I ive
of the tool radius and cutting angle, and generating a“sifgnail imndisc ve of
the mininum depth; inputting a signal iddicative of the predetermni ned

t hi ckness of the sBeet Aamethad as describedpnrdaig {hurtheycomprising sheé skepsf t he
m ni mum gept h and the signal indicative of the predeterm ned thickness. 4.
A nmet hod as descri ae;i in claim3, further éﬂ-ﬂ)ri Si i he steg of :

i ndi cating an err ofeESRININGR, Mpipimum deph e BRPHIT I8 e acqozdange
conpar i ngvitihghe signabimdicativel ep the afaxilenystzpke svidttogmd theesigmalstindirative

greater ] ' ; 3 : | bed in

ol ai m 1, Ok totl (R R PhRl, e SRF Benctating & ABIIIARRCESEMETY | he
gr aphi ¢ PVRgEIR thies the steps of: deternining an in-line of the

graphi c i mage in aggsuttiagcesignahindieativd of the predptermined tesknésstofaheand a
si gnal igﬂ' aﬁ_liFye%iaqf & predeterm ned, initial offset, and generating

signal s natcatrve of ‘flhe in-line; and evaluating the signals indicative of
the in-1ine in acceeupacingshersignal indigesive of ithe sainimany deptle and, the gignal

gr aphic ﬁﬁ@k&ﬁ@@b&ltth@fprbaet@ﬁh&[éﬂ fackh@kher the offset is the maxi num

of fset. 6. A nmet hod "as described in claimb5, further conprising the steps
of : adjusting the offset to adjust the corresponding in-line if it is
determ.ned during the step of evaluating that the offset is not equal to

the maxi mum of fset 4f or Whgetiid h&tdesEriRd i SR §SRAHRE: Bhprising $he step of:
indicating an error condition if it is determined during the step of
comparing that the minimum depth of the graphic image is equal to or greater than
the predetermined thickness.

5. A method as described in claim 1, wherein the step of
determining the maximum stroke width of the graphic images comprises the steps
of: _

determining an in-line of the graphic image in accordance with the
initial graphic representation and a signal indicative of a predetermined, initial
offset, and generating signals indicative of the in-line; and

evaluating the signals indicative of the in-line in accordance with the
signals indicative of the initial graphic representation to determine whether the
offset is the maximum offset. '

6. A method as described in claim 5, further comprising the steps
of:
' adjusting the offset to adjust the corresponding in-line if it is
determined during the step of evaluating that the offset is not equal to the
maximum offset for the initial graphic representation.



“7. « An article conprising a sign with prismatic graphic inmages in sheet

material (s) of a predeterm ned thickness using a cutt
which is responsive to tool path signals and has a rotlmnlmnﬁam ml (50)
or renoving material fromthe sheet material, the cuttingctool wavs ng

axis of rotation (52), a radius (76) aslﬁeasured normal to the axis to an

- edge of the tool, &.cutAmartile tanpn@mg)aangn‘mthlpﬂsm@caggmém( iBagedeiini ned
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t he autor%,t ?'&1‘&& (14) 8. An article made I n accordance with

0 clal

the neth urt corrprj Si ng t e s; renoyvi ng (86),
material fromthe 3%%‘?1“#&}838 é?)fh&&rﬁph’g imAges (80) in
accor danaecosdalnce lveitls ithe anitial gfhp:lﬂt @éntaﬂilm tndlgepetdting §ignal3, ifidjcative

produce HJ&! ” “”ﬂgﬁﬁ e sheet mat eri al . 19 9. An article
made in gg?grd‘ﬁncevm ¥ od of claim7, further conprising the step
of : determning a (§4 tonl paths (HOAHV0) in AaeRrdance vty thermignals

indicative of the initial graph1c representation, the signals indicative of the
maximum stroke width, and the signals indicative of the tool radius and cutting
angle, the tool paths being oriented generally normal to the axis of rotation, and
generating signals indicative of the tool paths; and

presenting (86) the signals indicative of the tool paths to the automated
cutting machine (14) .

8. An article made in accordance with the method of claim 7,
further comprising the step of:

removing (86) material from the sheet material (5) using the rotary
cutting tool (50) in accordance with the signals indicative of the tool paths (66,68,70)
to produce the graphic images in the sheet material.



“wWi the the signal indicative of the maximum stroke w dtihr{(75), and the ;
signal s indicative of the tool radius (76) and cuttin ﬁu“
generating a signal indicative of the m ninmum dept h; xgm m m ““
siignal indicative of the predeterm ned thickness of t eet nutetidl (s)
and conparing (82) the si gnal indicativel®f the nininmumdepth and the
signal indicative d theApmdeleenndmguacqwdmgglthtbe methodrafiddim #ade in

accordanc&rm(;rtb lgmghgg ekaim9, further conprising the step of:
i ndi cating an error dit.io |f it is.d ermlned u.rln the ste
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graphi c represent atinpmitiing (24)< gigahl irlicativei ofehefpradetentddiest thiclatess iofithe al
of f set, % ﬁgaet[e %1{/% éx#dgnals indicative of the in-line; and eval uating

t he signal's 1 ndica the in-line_in _accordance with the signals i
i ndi cative of the i¢nmparing(8rthe sighaldadicative of the miaimum ﬁépmtétl@téhethe

of fset | smghgl fYicaava of ﬁ&epredb%’ermﬁ@d&m&ﬁé@ made i n accordance with the -
met hod of ¢laim 11, further conprising the step of: adjusting (82) the

of fset to adjust the corresponding in-line if it is determ ned during the
step of evaluating that the offset is not equal to the maxi num offset for
the initial graphicigeprgacentidle Mide in addrdance WithaRBFhEhWA dfl@dind O
controlli an automated, cutting machine for producing prismatic graphl c

i mages | nggﬂéféthm’é‘?mﬁlﬂ‘f’ss}e ing a predeternined thickness, the
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pred etermined thickness.

11.  An article made in accordance with the method of claim 7,
wherein the step of determining the maximum stroke width (82) of the graphic
images comprises the steps of: .

determining an in-line of the graphic image in accordance with the
initial graphic representation and a signal indicative of a predetermined, initial
offset, and generating signals indicative of the in-line; and

evaluating the signals indicative of the in-line in accordance with the
signals indicative of the initial graphic representation to determine whether the
offset is the maximum offset.

12.  An article made in accordance with the method of claim 11,
further comprising the step of:

adjusting (82) the offset to adjust the corresponding in-line if it is
determined during the step of evaluating that the offset is not equal to the
maximum offset for the initial graphic representation.



extendl ng fromthe axis to an outer edge of the tool, a cutt| ng surface
(80) and a cutting angl e (78) defined by the cutting surfjﬂﬂ

normal to the axis, the graphic inages having a presel ectI |ﬁmmm|mrm“|
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automated cutting M)g a eigl Hﬁ%aidd& é%f%siﬁfdiﬁ%ga%@cd aim 13,
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gtﬁ;he produiced ixy ghephack anatasiakin
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14,
pr edet er et SEARRS e/ AEFAL R asrgoﬁse HER er ror conditfon ¢ he
nmeans for conpari ngn@ms&lm fardeteemining tonl piaths(66:66,70) in actnrdgnephvith theage
i's equal signals igdiatieé of il initiel Praysiee eéprestedadidt, th8 ¥fghal indicative of the
maximum stroke width, and the s1gna1s indicative of the tool radius and cutting
angle, the tool paths being oriented substantially normal to the axis of rotation, and
for generating signals indicative of the tool paths; and

means (16) for presenting the signals indicative of the tool paths to the
automated cutting machine (14).

14.  An apparatus as described in claim 13, further comprising:
means (12) for determining a minimum depth of the graphic image in
accordance with the signal indicative of the maximum stroke width (75) and the
signals indicative of the tool radius (76) and cutting angle (78), and for generating a
signal indicative of the minimum depth;
 means (15) for inputting a signal indicative of the predetermined
thickness of the sheet material; and
~ a comparator for comparing the signal indicative of the minimum
depth and the signal indicative of the predetermined thickness.

15.  An apparatus as described in claim 14, further comprising:



“16. s An apparatus as described in claim 13, wherein the me: rreans for

determ ning the maxi mum stroke width of the graphic i
in-lines for the graphic imges in accordance with th mwmm
representation and a signal indicative of a predeterm ne et
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paths detgrmfg %1&6@@9 HAIEANCER nd ﬂﬁhalpﬁlagﬁic representation to determine

whether the offset is the maximum offset.

17.  An apparatus as described in claim 16, wherein the means for
determining the maximum stroke width (75) of the graphic images adjusts the offset
to produce an adjusted in-line if the means for evaluating determines that the offset
is not equal to the maximum offset for the initial graphic representation.

i f
18. A method as described in claim 1, wherein two dimensional tool

paths (66,68,70) are determined during the step of determining tool paths.

19.  An article made in accordance with the method of claim 7,
wherein (66,68,70) two dimensional tool paths are determined during the step of
determining tool paths.

20. An apparatus as described in claim 12, wherein the means for
determinipg tool (66,68,70) paths determines two dimensional tool paths.



