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AUTOMATICALLY GUIDED TOOLS

REFERENCE TO PRIORITY APPLICATIONS

[0001] This application claims priority to US Provisional Patent Application
61/488,118 filed on May 19, 2011, entitled “Automatically Guided Tools” and US
Provisional Patent Application 61/639,062 filed on April 26, 2012, entitled
“‘Automatically Guided Tools”, the entirety of both are incorporated herein by

reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates generally to tools and methods for
working on a surface such as woodworking or printing. More particularly, the
present invention relates to ways to determine the exact location of a tool in
reference to the surface of a material and using the location to auto-correct the

tool along a predetermined path such as a cutting path.

2. Description of the Related Art

[0003] Current methods and tools that exist to help guide a tool, such as a
hand tool, accurately today are premised on minimizing the movement of the tool
in one or more directions. Tools that are more difficult to move accurately are

guided through the use of mechanical guides such as railings or fences which
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can be put in place to assist the user in guiding the tool. These fences or guides
limit movement since the tool is restricted by the guide. However, existing guide
approaches are unsatisfactory, because they take a significant amount of time to
set up and because guides do not support complex paths.

[0004] If the tool can be accurately positioned freehand, measuring devices
may be used to draw visual guides onto the material being used which can then
be manually followed. However, such visual guides are still difficult for the user
to follow accurately leading to extensive user error in the cutting plan.

[0005] Computer numerical control (“CNC”) machines or tools alleviate many
of these problems by guiding a tool using a computer which has knowledge of
the tool’s position relative to its set up within the CNC machine and the plan to be
followed. CNC machines control movement of the tool to follow the intended
path. However, CNC machines are typically expensive, large, and difficult to set
up, and most are limited to working with materials that fit within the CNC

machine’s physical housing.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide a system and method
for guiding a tool with the precision and flexibility of CNC tools but without the
need for CNC’s large and expensive hardware. The present invention introduces
the idea of a rig or frame with stage which can be positioned on the surface of a

piece of material. The present invention can then automatically determine its
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position on that material and through movement of the stage can accurately
move the stage to any coordinate on the material. In some embodiments of the
present invention, a digital camera attached to the rig or frame is used to detect
the position of the rig and stage. The digital camera can be used to build a map
of a piece of material and track the location of the rig and stage on the map. The
present invention may include a tool mounted on the stage that can performs
work on the surface of the material such as cutting, drilling, sanding, printing or
other tasks.

[0007] The present invention also provides for controlling the location of the
stage, and any attached tool, relative to the material and a design or plan to
adjust the stage and tool based on the sensed position. Thus, a user can free
hand a design and the present invention will automatically adjust the stage and
associated tool to precisely match the design plan and eliminate or minimize
human error. The present invention is particularly useful for controlling a router
which can be used to cut wood or other materials.

[0008] The present invention may make use of computer vision (“CV”)
technology which allows input from a digital camera to be processed and
understood by a computer. The CV technology provides benefits to the present
invention in that it provides the ability to determine the location of the rig relative
to the material in a fast and accurate manner while being economical from a
hardware standpoint. The present invention may make use of one or more CV or

sensor based techniques.
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[0009] The present invention provides a tool for automatically adjusting the
location of a working member of the tool comprising: a stage adapted to receive
the working member; at least one motor adapted to move the stage; at least one
motor controller that controls the at least one motor; a processor in combination
with one or more software applications for processing data and providing
information to the at least one motor controller; at least one camera adapted for
use with the processor for capturing images of a surface, wherein the captured
images are processed to build a map of the surface; wherein a subsequent
captured image of the surface is processed to determine the location and
orientation of the tool relative to the map; and wherein the processor provides
information to control the at least one motor to move the stage and working
member to a desired location. The location of the working member or the
location of the tool are calculated based upon the location at least one of the at
least one cameras. The tool may be one of: a router; a drill; a nail gun; a jigsaw,
a scroll saw; or a printer. The working member may be one of: a cutting bit; a
saw blade, a drill bit, a hammer, or a printer head. The tool may also provide a
display screen indicating the location of the working member relative to at least a
portion of the map. A design can be loaded into a memory adapted for use with
the processor and displayed on the display relative to the map and location of the
working member. The design can be processed to determine an intended path
for the working member based on the design and the map. The motor controller
can, based on information received from the processor, moves the working

member to a point on the intended path.
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[0010] The present invention also provide a tool for automatically adjusting
the location of a working member of the tool comprising: a stage adapted to
receive the working member; at least one motor adapted to move the stage; at
least one motor controller that controls the at least one motor; a processor in
combination with one or more software applications for processing data and
providing information to the at least one motor controller; at least one sensor
adapted for use with the processor for capturing information about a working
piece, wherein the captured information is processed to build a map of the
working piece; wherein further sensor information is processed to determine the
location and orientation of the tool relative to the map; and wherein the processor
provides control information to control the at least one motor to move the stage
and working member to a desired location. The location of the working member
may be determined based upon the location at least one of the at least one
sensors. The location of the tool may be determined based upon the location at
least one of the at least one sensors. One of the sensors may be a camera.
[0011] Further, the present invention provides a rig for automatically adjusting
the location of a working member comprising: a stage adapted to receive the
working member of a tool; at least one motor adapted to move the stage; at least
one motor controller that controls the at least one motor; a processor in
combination with one or more software applications for processing data and
providing information to the at least one motor controller; at least one sensor
adapted for use with the processor for capturing information about a working

piece, wherein the captured information is processed to build a map of the
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working piece; wherein further sensor information is processed to determine the
location and orientation of the working member relative to the map; and wherein
the processor provides control information to control the at least one motor to
move the stage and working member to a desired location. The location of the
working member may be determined based upon the location at least one of the
at least one sensors. The location of the tool may be determined based upon the
location at least one of the at least one sensors. Further, the location of the rig
may be based on the location of at least one of the at least one sensors. One of
the sensors may be a camera. The tool which mates with the stage may be one
of: a router; a drill; a nail gun; a jigsaw, a scroll saw; or a printer. The working
member in the rig may be one of: a cutting bit; a saw blade, a drill bit, a hammer,
or a printer head. The rig may further comprise a display screen indicating the
location of the working member relative to at least a portion of the map. A design
can be loaded into a memory adapted for use with the processor and displayed
on the display relative to the map and location of the working member. The
design can be loaded into a memory adapted for use with the processor, wherein
an intended path for the working member is determined based on the design and
the map. The motor control information can move the working member to a point
on the intended path.

[0012] The rig of the present invention can also perform the method of:
selecting and registering a design to be rendered; preparing and aligning a
position of the tool on the rig; advancing the tool in a first direction and within a

selected range substantially adjacent to an outline of the design; and
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automatically realigning the tool to a boundary edge of the design in a second
direction as the tool is advanced in the first direction.

[0013] Further, the present invention provides a method of locating a tool on a
material, the tool being attached to a stage on a rig, comprising the steps of:
selecting and registering a design to be rendered; preparing and aligning a
position of the tool; advancing the tool in a first direction and within a selected
range substantially adjacent to an outline of the design; and automatically
realigning the tool to a boundary edge of the design in a second direction as the
tool is advanced in the first direction. Further steps include the aligning of a
position of the tool is performed by comparing the position of at least one marker
disposed on the material to the registered position of the design. Additionally,
the selected range substantially adjacent to an outline of the design can be a
target range window displaying an illustration of: the tool, an intended cut path
and a desired tool movement path that may be different from the intended cut
path.

[0014] Further, the present invention may automatically realign the tool to a
boundary edge of the design in a second direction by a repositioning mechanism,
as the tool is advanced in the first direction. The methods of the present invention
may automatically realign in response to receiving image data from a camera or
in response to the processing of a received capture of an image of a marker on
the material.

[0015] The present invention also provides a method of cutting a design in a

material based on a relative constant speed of movement of a tool, the tool being
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attached to a stage on a rig, comprising: displaying a target range window
rendering an illustration of a point of reference of the tool, an intended cut path
and a desired tool movement path that may be different from the intended cut
path; aligning and advancing the tool in a first direction at the relative constant
speed of movement along the desired tool movement path to cut away the
material at the intended cut path; and automatically realigning the tool in a
second direction to a boundary edge location of the intended cut path as the tool
is advanced at the relative constant speed of movement in the first direction
along the design. The target range window may include a target range area that
surrounds the point of reference of the tool, a portion of the intended cut path and
a portion of the desired tool movement path. The desired tool movement path
is in at least one of a clockwise or counterclockwise continuous movement
around a perimeter of the design. The design may be a virtual overlay in the
target range window. The system may automatically realign a position of the tool
based on a comparison of a previous position on the design and a preferred next
position on the design. Further, an automatic realigning of the tool to a boundary
edge of the design in a second direction may be performed automatically by a
repositioning mechanism, as the tool is advanced in the first direction. Further,
the automatic repositioning of the tool accounts for the width of a cutting member
of the tool relative to the intended cut path. Automatic realigning of the tool may

be in response to receiving live feed of image data from a camera.
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[0016] These and other objects, features, and/or advantages may accrue from
various aspects of embodiments of the present invention, as described in more

detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Various exemplary embodiments of this invention will be described in
detail, wherein like reference numerals refer to identical or similar components or
steps, with reference to the following figures, wherein:

[0018] FIG. 1 depicts a front view of an exemplary embodiment of the present
invention with a router attached;

[0019] FIG. 2 provides a front view of an exemplary embodiment of the
present invention without a tool attached;

[0020] FIG. 3 provides a side view of an exemplary embodiment of the
present invention with a router attached,;

[0021] FIG. 4 provides a side view of an exemplary embodiment of the
present invention without a tool attached;

[0022] FIG. 5 provides a rear view of an exemplary embodiment of the
present invention with a router attached,;

[0023] FIG. 6 provides a rear view of an exemplary embodiment of the
present invention without a tool attached;

[0024] FIG. 7 provides a to view of an exemplary embodiment of the present

invention with a router attached;
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[0025] FIG. 8 provides a perspective view of the bottom of an exemplary
embodiment of the present invention without a tool attached,;

[0026] FIG. 9 provides a bottom view of the internal stage and pivot
components an exemplary embodiment of the present invention;

[0027] FIG. 10 provides a flow chart of the steps performed by the present
invention during operation;

[0028] FIG. 11 provides a flow chart of the steps performed by the present
invention during the constant speed process;

[0029] FIG. 12 provides a system element diagram of the present invention;
[0030] FIG. 13 provides a perspective view of a second exemplary
embodiment of the present invention;

[0031] FIG. 14 provides a perspective view of a third exemplary embodiment
of the present invention; and

[0032] Fig. 15 provides a representation of the graphical user interface

provided on the display of the system.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0033] Particular embodiments of the present invention will now be described
in greater detail with reference to the figures. Like reference numerals apply to
similar parts throughout the several views.

[0034] This invention overcomes the conventional problems described above
by providing a handheld system which can identify the location of a tool, or the rig

which contains a tool, relative to the material being worked on and can adjust the
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tool to the desired location. Therefore, the system can provide a handheld
device with a working instrument capable of being operated by hand which can
make precision adjustments of the working instrument location based on spatial
location to provide an accurate path which the working instrument travels.
[0035] A diagram of the main system components is best depicted and
described in conjunction with Figure 12. As seen in Figure 12, a system 680 is
provided with a smart device 681. The smart device 681 provides a central
processing unit (“CPU”) or processor 683, software code 685 which performs one
or more processes, memory 687, and a display 689.

[0036] The smart device 681 may be one a self-contained unit or may have
one or more components separated. For example, the display 689 may be
tethered to the smart device 681 or integrated into the housing of the smart
device 681. Likewise, the smart device 681 may be integrated as part of the
system 680 so that the system is a self contained portable unit. The system 680
also includes a camera 682 which is used in combination with the smart device
681 to build a map 684 of the material to be worked on. The map 684 may be
built in various ways including using computer vision (“CV”) and sensors. One
CV technique that could be employed is using or building a photo mosaic. A
photo mosaic process including taking multiple photographs of different parts of
the same object and stitching them together to make one overall image covering
the entire object.

[0037] Another technique which may be employed is simultaneous

localization and mapping (“SLAM”). SLAM makes use of a sensor that in
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combination with a processor 683 and related software 685 is able to build a map
684 of the material being worked on while simultaneously determining the
location of the tool 699 relative to the map 684.

[0038] Specifically, after the map is built the camera 682 continues to capture
images of the material being worked on which are fed to and processed by the
smart device 681 to constantly determine the location of the tool 699 or rig. The
captured images are analyzed against the map 684 to determine the geo location
of the camera 681relative to the material. Once the location of the camera 682 is
determined, the location of the rig is then a known offset from the camera 682
position as the camera 682 is rigidly attached to the rig. The location of the tool
699 relative to the rig is then computed from the current orientations of the motor
shafts. The orientations of the motor shafts are known by "homing" them once
and then tracking all steps taken since the homing process. Alternatively,
encoders could be used instead of homing as the encoders would be able to tell
the orientations of the shafts directly. Through the offsets and calculations, the
system can identify the location of the tool 699 or rig relative to the material being
worked on. The captured images which are analyzed against the map 684 may
include characteristics of the material such as wood grains and deformations or
may include markers placed on the material. Different aspects of the mapping
and location technology will be described in more detail below.

[0039] The user may then input or load a design 686 or template into the

smart device 681, adjust the size of the design 686 relative to the map 684 of the

12
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material to provide the user with a desired working path on the material being
worked on.

[0040] In operation, as the system or rig 680 is moved by the user along the
material being worked the smart device 681 processes the captured images from
the camera 682, determines the location of the rig 680, and provides a desired
path to the user on display 689. Once the user has placed the rig 680 close to
the desired path the rig or system 680 automatically adjusts the position of the
tool 699 to achieve the precise working path stemming from the loaded design
686. The term “rig” and “system” are used interchangeably in the description of
the present invention. However, the rig primarily refers to the physical device
itself including all attachments. The system refers to the physical device, all
attachments, and all related technology and software code embedded or
included in some of the physical elements.

[0041] The system 680 adjusts the precise location of the tool 699 by
adjusting the geo location of the stage 690 or a moveable platform that the tool
699 is attached to. The stage 690 is connected to an eccentric coupled to a
motor shaft. As the motor shaft moves in a circular path the eccentric moves the
stage 690 in complex arcs and paths. A pivot 694 is connected to the stage and
is also connected to an eccentric coupled to a second or pivot motor shaft. The
pivot 694 is able to pull or push the stage 690 to achieve controlled movement of
the stage within a 360 degree range. The ultimate effect is that the eccentrics

can be rotated to position the stage in almost any XY position in the range.
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[0042] The system 680 may use a reference lookup table which provides
motor coordinates related to stage positions, or uses calculations to adjust the
motors and move the stage 690 and the cutting bit of the tool 699 connected to
the stage 690 to the desired location. Further, the tool 699 through movement of
the stage 690 and pivot 694 is capable of movement in 360 degrees of
movement in a two dimensional plane. Essentially, the cutting instrument of the
tool can be moved anywhere within the 360 degree window of the target range
408 (see Figure 15).

[0043] In the exemplary embodiment, the stage 690 and pivot 694 are moved
by electric motors. The stage motor 210 is controlled by a stage motor controller
691 and the pivot motor 220 is controlled by a pivot motor controller 695. The
stage motor controller 691 and pivot motor controller 695 receive information on
the desired location or coordinates from the smart device 681. Based on the
received information the stage motor controller 691 and pivot motor controller
695 activate and control their respective motors 210, 220 to place the stage 690
and the pivot 694 in the proper position which places the tool in the desired geo
location.

[0044] The smart device 681 may also communicate with, receive information
from, and control the tool 699. Such control could include sending instructions to
power on or off, increase or reduce speed, when to engage the material being
worked such as adjusting the depth of the tool 699 when the user is close

enough to or near the desired path on the material.
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[0045] The form and structure of an exemplary embodiment of the present
invention for use with a cutting tool is provided and depicted in Figures 1-9. The
exemplary embodiment of the present invention depicted in Figures 1-9 provides
a system or rig 100 which is configured for use with a router 500. The system
100 includes two support legs 104 which are attached to a base housing 130 on
the lower end and terminate into a device mount 122 at the upper end. The
device mount 122 includes left and right display clips 124 to clamp or lock the
monitor or smart device 570 into the device mount 122. The device 570 includes
a display screen 572 for the user to view the cutting path for that particular use.
The base 130 also has left and right handles or grips 106 attached through
handle support arms 108.

[0046] The lower end of the base 130 has a bottom plate 139 which encloses
the stage 150 and a lower stage skid pad 151. The base 130 and bottom plate
139 are fastened to one another such as by machined screws. As seen in Figure
8, the bottom plate 139 has a bottom skid pad 141 attached to the bottom. The
bottom skid pad 141 is used to assist movement of the rig 100 along the surface
of the material being worked on. The bottom skid pad 141 may be made of a
high density polyethylene, Teflon, or other suitable material which is both durable
and suited for sliding along the material.

[0047] The router 500 is added to the rig 100 by attaching the router base
plate 510 to the stage 150. As seen in Figure 9, the stage 150 has several tool
attachment points 164 for attaching the router base 510 to the stage 150. The

router base 510 has several router base support legs 508 which forms a cage
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around the router bit 512. The router 500 also has a power cord 506 and an on-
off switch 504. As mentioned previously, the rig 100 may be implemented as a
self contained portable unit including an on-board source of power, such as a
battery source.

[0048] The smart unit or monitor 570 has an input cable 574 with a cable
terminal or receptacle 576. If the device is a smart unit the CPU, software, and
memory will be on the device itself. If the device 570 is simply a monitor then the
cable 574 and receptacle 576 will connect to the CPU unit.

[0049] As best seen in Figures 2-7, the system 100 contains a stage motor
210 and a pivot motor 220. The stage motor 210 is used to control movement of
the stage 150. The pivot motor 220 is used to control movement of the pivot arm
156 which pulls or pushes the stage 150 to convert the rotational motion of the
motors 210, 220 into a relatively linear motion. The stage motor 210 and pivot
motor 220 each have their own motor cap 212, 222 respectively.

[0050] The motors 210, 220 are controlled by the stage motor driver 253 and
the pivot motor driver 254 which are connected to the printed circuit board 250
and the microcontroller board 252. The microcontroller 252 processes low level
instructions from the smart device or CPU unit (i.e. a laptop). The instructions
would be instructions to move the motors 210, 220 to set positions (i.e. positions
150, 125) into the correct step commands to drive the motors to those positions.
The motors’ orientations are tracked by homing them to a zero position once and
then tracking all subsequent steps taken. Alternatively, the system could use

rotary encoders to keep track of the state of the motor shafts’ orientations. The
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motors 210, 220 and the motor drivers 253, 254 are powered by connecting the
power plug receptacle 255 into a power source.

[0051] As seen in Figures 3-4, the back of the rig 100 includes a camera
support 190. The camera support 190 may be one or more support members
which are connected to the upper stage housing 130 and terminate at the top of
the rig 100 where a camera 300 is mounted. The camera 300 and a lens 304
are placed in a relatively downward position to capture images of the material
being worked and the surrounding areas thereof.

[0052] In this exemplary embodiment, eccentrics were used to convert the
rotational motion of the motors into linear motion. Eccentrics are circular disks
rotating around an off-center shaft. As the shafts are rotated, they produce linear
motion in the collars wrapped around the eccentric disks. Eccentrics are able to
maintain the same low backlash accuracy of a precision linear stage while being
less expensive. A linear displacement range of 1/2” is well within the capabilities
of an eccentric. The present exemplary embodiment consists of two eccentrics
mounted to the frame and connected to a stage that can slide on its base. The
eccentrics are rotated by stepper motors, and by rotating them the stage can be
moved within the frame. The size and shape of the various eccentrics can be
varied to provide larger or smaller relative movement of the tool 699 relative to
the workspace.

[0053] To properly constrain the stage, one eccentric is connected directly to
the stage by a ball bearing coupling, while the other is connected by a coupling

and a hinge. This linkage design results in a nonlinear relationship between
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eccentric orientation and stage position. Near the center of the range moderate
rotation of an eccentric produces moderate motion of the stage. In contrast, near
the edge of the range much larger rotations are necessary to move the stage a
fixed amount. In the present invention, stage displacement is limited to
approximately 95% of the maximum range to avoid positions with extreme
nonlinearity. This linkage design also permits back driving, in that forces acting
on the tool can cause the cams to rotate away from their target positions.
However, the present invention makes use of adequately powered motors which
have sufficient power to preclude back driving even in the presence of significant
forces.

[0054] As seen in Figure 9, the upper stage housing 130 is a one piece unit
with spacers 131, 133, 135 machined or formed into the upper stage housing
130. The spacers 131, 133, 135 provide the required space for the stage 150
and pivot arm 156 to move. The front spacers 131, side spacers 133, and rear
spacers 135 need not be formed as one unit. Instead, the front spacers 131,
side spacers 133, and rear spacers 135 could be separate pieces attached to the
upper stage housing 130. The upper stage housing 130 also accommodates
several upper stage skid pads 137. The upper stage skid pads 137 allow the
stage stabilizing arms 152 to move along the pads 137 with minimal friction.
[0055] The stage 150 is ideally made of a light but durable and strong material
such as aluminum or some other alloy. The stage 150 is most likely machined to
include one or more stabilizing arms 152, the stage eccentric arm member 154,

tool attachment points 168, and an opening 160 where the tool extends through
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the stage 150. In addition, a pivot arm 156 is most likely machined from the
same alloy or material as the stage 150.

[0056] In operation the stage motor 210 moves in response to rotation of the
stage motor shaft 184. There is a stage eccentric cam member 174 attached to
the stage motor shaft 184. When the stage motor shaft 184 rotates the stage
eccentric cam 174 rotates and the cam design causes the stage arm member
154 connected to and surrounding the cam 174 to move the stage 150. A
bearing ring may be used between the cam 174 and the stage arm member 154.
[0057] Additionally, when the pivot motor 220 moves the pivot motor shaft 186
rotates. There is a pivot eccentric cam member 176 attached to the pivot motor
shaft 186. When the pivot motor shaft 186 rotates the pivot eccentric cam 176
rotates and the cam design causes the pivot arm member 154 connected to and
surrounding the cam 176 to move the pivot arm 156 back and forth which causes
the stage 150 to move relative to the pivot arm 156.. A bearing ring may be used
between the cam 176 and the pivot arm 156.

[0058]  As the stage 150 and pivot arm 154 move, the stage stabilizing arms
152 move along the upper stage skid pads and the lower stage skid pad 151
(see Figure 1) to stabilize the stage 150 during movement. Further, the stage
eccentric 174 and pivot eccentric 176 include a boss. The boss gives the
eccentric 174, 176 some extra material to house the set screw which clamps on
the stage motor shaft 184 or pivot motor shaft 186, thus securely attaching it to
the respective eccentric 174, 176. The pivot eccentric boss 187 is seen in Figure

9. The stage eccentric boss is not shown in the figures as it is flipped relative to
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the pivot boss 187 because the stage 150 and the pivot arm 156 are operating
on different planes.

[0059] By way of example, FIG. 15 depicts the monitor or display 572 as the
user pulls or pushes the rig 100 using the handles 106. The router bit 512 (as
shown by the crosshairs 410) of the router 500 cuts the material 402 being
worked on. The user sees the intended path 404 (as shown in dashed lines) of
the design on the display 572 of the monitor or smart device 570. The display
572 shows the desired path 406 as well as the target range 408. The target
range 408 is related to the range of movement of the stage 150 and
correspondingly the attached tool. Thus, if the range of movement of the router
is generally 0.5 inches in any direction from its center point then the target range
408 would best be defined as a circle with a one inch diameter since the router
bit can only move 0.5 inches from the center point. Thus, the user would need to
move the router bit 410 within 0.5 inches of the intended path 404. Once the rig
100 is within 0.5 inches of the target range 408 the CPU would automatically
identify a target point on the intended path 404. The CPU would send
instructions to the motor controllers to move the stage 150 to the appropriate
coordinates which correspond with the bit 410 reaching the target point and
cutting along the intended path 406. It's important to note that the system can
account for the width of the cutting bit 410. If the system were to place the router
bit 410 directly on the intended cut path 404 the width of the router blade would
cause the router to remove material beyond the intended cut path 404. The

system accounts for the width of the cutting bit 410 by setting the desired path
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406 some distance from the intended path so that the bit 410 only takes out
material up to, but not beyond, the intended cut path 404. Since cutting elements
or bits have different widths the system can be adjusted to remove or vary the bit
width adjustment or the gap between the intended cut path 404 and the desired
path 406.

[0060] As the system cuts or reaches one target point, the system would
identify a next target point and continue in this process cutting along the intended
path in a clockwise direction. The user would continue to pull or push the rig 100
via the handles 106 keeping the intended path (a line or area) within the target
range 408 as seen on monitor 572. A more detailed flow and process is
described in conjunction with Figures 10 and 11.

[0061] Figure 10 provides a flow chart showing the steps or method 600 for
cutting a working surface using the router based embodiment of the present
invention. First in step 602 the user would find or create a design they want to
cut out of a material. The user would then need to map the sheet of material. If
the material has enough markings the user could use the material itself.
However, in step 604, if the material has a flat surface or limited markings the
user can place markers on the material. Such markers might include printer
marker stickers and/or any other type of suitable indicia capable of being readily
identified.

[0062] In step 606, the user uses the camera technology to scan the material
and the various markers to create the map. The CPU processes the images

captured by the camera and generates the map. The size and shape of the map
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can be appropriately manipulated to a preferred configuration. The design is
then registered to the map to create a cutting plan (step 608).

[0063] In step 610, the user prepares the cutting tool by loading, adjusting, or
securing the bit, mounting it to the rig and turning the router on. In the
alternative, and as mentioned previously, it is to be understood that the turning
on of the router can be a software initiated process in response a variety of
parameters, as opposed to a mechanical switch, such as motion sensing of a
movement of the rig 100 in a particular direction by the user, or the like.

[0064] In step 612, the user may set a few elements, such as width of the bit
of the cutting tool, the range of the tool’s desired range correction, the size of the
cross-hair, the speed of the cutting tool, and the like. Thereafter, instructions
may be provided to the software to begin.

[0065] In step 614, the rig is placed adjacent to the desired path so that the
system can automatically adjust the position of the tool into a starting adjustment
range position along the desired path. The user then follows the “constant speed
strategy” as will be described in more detail with regards to Figure 11. Once the
tool has advanced fully around the plan (step 616) the user can remove the
device and work product from the material.

[0066] Figure 11 provides a flow chart of method 650 for the constant speed
strategy. The process in Figure 11 assumes the user already has the router
attached to the jig and has mapped their material and loaded up their design.

The user then starts (step 651) the process to cut the material.
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[0067] In step 653, the user must move the tool to a spot within the range of
plan or path on the material. Once the user has moved the rig with the router
tool to a spot within range of the intended path, the system in step 655
determines based on its location if there is a point on the plan within the
adjustment range of the rig. If not, the system in step 657 may send a
notification and waits until the user moves the device within the adjustment
range.

[0068] In step 659, if there is a point within the adjustment range the system
sets the point on the plan nearest to the tool as the target point. The system in
step 661 then moves the tool to the target point and cuts the material.

[0069] The system then attempts to create a second target by determining in
step 663 if a new target is within the adjustment range. If there is a second
target, the system in step 665 sets the second target point as the new target and
the device continues to move in a clockwise direction cutting from the old target
point to the new target point. As the tool or router is cutting from the old target
point to the new target point it is also attempting to identify the next target point
within the adjustment range (step 663). The determination of an optimum
second target may be continuous, and based on the image, or various images,
detected from the camera and processed by the system.

[0070] If not, the system (in step 667) clears the target point and starts back
at step 655 to determine if there is a point on the plan within the adjustment
range. This process continues until the tool has gone through the entire plan in a

particular direction, such as a clockwise direction.
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[0071] As previously discussed above, Figure 12 provides a system diagram
of the main components of the present invention. The system 680 makes use of
a smart device or system 681 which includes a CPU 683, software code 685
which performs one or more processes, memory 687, and a display 689. The
smart device 681 may be one contained unit which mounts onto the display
mount 122, 124 or may have one or more components separated but connected.
For example, the system may be connected to a laptop or remote CPU 683
which contains the software code 685 and memory 687 yet is tethered to a
monitor 689. The monitor 689 may mount to the display mount 122, 124.

[0072] The camera 682 is used to build a map 684 of the material to be
worked on as well as determine the location of the rig 100 on the material. As
discussed, the system may use CV technology and other sensors to build a
photo mosaic map 684 of the material or could use the SLAM process. SLAM
makes use of a sensor that in combination with a processor 683 and related
software 685 is able to build a map 684 of the material being worked on while
simultaneously determining the location of the tool 699 relative to the map 684.
[0073] Through the present invention, as previously described, the system
680 is able to locate a tool 699 or the working bit of a tool 699 on the surface of a
material being worked. The system 680 is able to locate the tool 699 on the
material using a camera 682 positioned some distance away from the material
based on looking and or mapping at the material. In one implementation, the
camera 682 is first used to build a map 684 of the material and is then used to

locate itself (or the tool) on the map 684.
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[0074] The map 684 can be built by having the user sweep the camera 300 in
an arbitrary path over the surface of the material until the entire area of interest
has been covered. The camera 682 can be removed from the rig 100 for this
step. The images from this sweep are then stitched together by the CPU 683
using the image mosaicing software code 685 to form a cohesive map 684 of the
area of interest of the surface of the material. Then, the user can return the
camera 300 to the rig 100. Once the map 684 is formed and saved in memory
687 whenever the camera 682 takes an image of the material it has mapped, it
can be matched against the map 684 held in memory 684 and its position and
orientation determined.

[0075] This process may have an extra step in allowing the user to create and
load a design 686. After the map 684 has been assembled on the smart device
681 (such as a computer), the user may create a design 686 on the computer by
plotting it directly on the generated map 684. For example, the user may mark
positions on a piece of wood where a drill hole is desired. All the techniques and
features of the software code 685 (include computer aided design and
manufacturing) can be employed to create a design with accurate
measurements. Then, when the user returns to the material, the position of the
camera 682 on the map 684 can be displayed on a screen or display 689 to the
user, with the design plan 686 overlaid on the map 684. Essentially, the system
680 is able to identify the geo location of the tool relative to the map. So, in the

example of drill holes, the camera 682 could be attached to a drill and used to
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determine the position of the drill exactly relative to the target drill locations
specified in the design 686, enabling the user to line up the drill precisely.

[0076] A significant advantage of such a system is that it eliminates
measurement mistakes, as all measurements are performed on the computer
681. Measurement is traditionally one of the most common sources of error and
such error would be negated by the present mapping and location aspects of the
present invention.

[0077] Although described herein in combination with a router and separately
with a drill bit, the camera 682 could be attached to any tool 699 to provide
positioning for that tool 699. The camera 682 could also be coupled with a
display 689 and CPU 683 and become part of a computer or smart device 681
that can be attached to any tool 699. Further, a software application or code 685
could be installed on a mobile Smartphone (such as an iPhone) utilizing the
camera, CPU, memory, and display already part of the Smartphone.

[0078] The system may perform the mapping and positioning steps
simultaneously (i.e. “SLAM”, Simultaneous Localization and Mapping) and the
system 680 may use a video or still camera 682. The camera 682 may be
directed downward at the surface of the material, it could be positioned at any
angle, and it could sit at any vantage point on the tool 699 or rig 100 (Figure 1).
[0079] During the phase when the camera 682 is being used to locate itself on
the material, having low lag between moving the camera 682 and detecting that
movement can be important. One way to decrease lag is to use a high-frame rate

camera 682. However, these can be expensive. An alternative is to use a
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relatively low-frame rate camera 682 coupled with one or more optical sensors
such as are present in optical mice. The optical sensors provide low-latency
dead reckoning information. These sensors could be used in conjunction with the
camera 682, for example in a configuration where the camera 682 provides
accurate global position information a few times a second and appreciable lag,
and the optical sensors are used to provide dead-reckoning information with low
lag that fills in the time since the last image was taken. The system could also
make use of multiple cameras to increase the accuracy or range of coverage
when scanning, or to provide depth information.

[0080] There are also numerous options for creating, capturing, or loading the
design 686. Designs could be downloaded or otherwise obtained from others
including by purchasing designs online and uploading to the smart device or
computer 681. Rather than creating the design 686 on a separate computer and
then uploading to the device 681 the system 680 could be used to capture a map
not only of the surface but of the design 686 on that surface. This could be useful
for setting up the system 680 to follow a specific line or to show the user an
image of the surface of the material underneath a large tool which obstructs
sight, or to show the surface with a drawn plan in a pristine state before it is
covered with debris or the surface on which the plan is drawn is cut away.
Alternatively, the design 686 could be designed, altered, or manipulated from its
original form on the device 681 through a menu driven interface allowing the user
to input distances, angles, and shapes or to free hand a drawing on a touch

sensitive pad or display.
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[0081] In an exemplary embodiment, the software 685 is able to build the map
and track the camera’s position using visible features of the material such as
grains, imperfections, and marks. However, some materials, such as solid-
colored plastic, may be too undifferentiated for this to work. In these instances,
the user may alter the material surface in some way to add features that can be
tracked. There are many possible ways this could be done: the user could apply
ink to the material that is typically invisible, but which can be seen either in a non-
visible spectrum or in the visible spectrum when UV light is applied (or similar),
allowing the camera to track the pattern of the invisible ink while not showing any
visible markings once the work is done. Alternatively, the user could apply
stickers with markers which can later be removed. Features could also be
projected onto the material such as with a projector. Or, if the user will later paint
over the material or for other reasons does not care about the appearance of the
material, the user could simply mark up the material with a pencil or marker.
[0082] In cases where the camera cannot track the material, or cannot do so
accurately enough, or the material is unsuitable for tracking (e.g. due to an
uneven surface), or any other reason that prevents the camera tracking the
surface directly, the camera may instead track other markers off of the material.
For example, the user could put walls above, below, or around the sides of the
material being worked on that have specific features or marks. The features or
marks on the surrounding surfaces enable the camera to determine its position
on the material. Alternatively, different types of positioning technology or devices

could be used to locate the tool 699 or stage 690, possibly in conjunction with a
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camera 682 that is used mainly for recording the visual appearance of the
material without needing to perform the tracking function. Such could be the use
of ultrasonic, IR range finding, lasers and the like.

[0083] As previously discussed in conjunction with Figures 1-9, the present
invention described a handheld computer controlled router system using an
eccentric cam movement of a stage to control the router. However, eccentric
cam movement is not the only design or method that can be employed to move a
tool or stage. As seen in Figure 13, a linear based design is depicted. The
system 700 includes a router 701 which is mounted to a tool arm 702. The tool
arm 702 is built on top of the linear stage base 706. The linear stage base 706
moves in a back and forth direction along the axis line formed by the lead screw
705 and the precision nut 707. Linear movement is achieved by controlling the
stepper motor 710 which turns the lead screw 705 which moves the precision nut
707 forcing the linear stage base 706 to move. The stepper motor and end of the
linear system are mounted on the base 709. Handles 708 are attached to the
base 709 for users to move the system 700 on the material.

[0084] The linear system 700 would still use the camera 704 or sensor
technology previously described to map the surface of the material and
determine the coordinates or location of the device 700 on the material. The
user would scan the material with the camera 704 to make a map as described
above. Next the user would create, download, or otherwise obtain a design and
register it onto the map of the material. Finally, the user would return to the

material with the tool, and follow the cut lines of the plan as closely as possible.
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Typically, the user would grip the device 700 by the handles 708 and move the
device forward while trying to keep the router 701 on the intended cut path or
line. While doing so, when the user would inadvertently drift off of the exact cut
line or path, the system would detect the error. Since the system 700 knows
both its location and the plan it would power the stepper motor 710 to rotate the
lead screw 705 to move the router 701 by moving the linear stage base 706 to
such a point where the cutting bit intersects the plan line exactly. In this way, the
present invention can be used to make complex, curved, and/or precise cuts that
could not otherwise be made by hand.

[0085] Both the eccentric and linear embodiments could employ a monitor or
display to communicate or display the location of the tool relative to the intended
path. The system could also use other methods such as shining a laser point or
line where the user should go or some combination thereof.

[0086] In certain instances, the tool may need to cut design, such as on a
table top or sign, where the cut does not go all the way through and it takes more
than one pass to remove all the material required for the design. In such
instances, the CPU sends signals to the motors to move the router back and
forth within the target range until all material has been removed in accordance
with the design. The system can also be configured to provide a notice to the
user to wait until all such material within the target range has been removed.
The system can also notify the user when it has completed its design in a certain

region thus notifying the user it is time to move forward to a new target area.
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[0087] In addition, the router could be configured to follow a line drawn onto
the material itself. In this embodiment, the camera would be placed at the front of
the operating tool and would see the drawn line. The system would still use
location mapping to stay accurate to the drawn line.

[0088] An alternative embodiment using various aspects of the present
invention would be for use of the material mapping and tool location for use in
printing. Again, the user would build a map and upload a design and would be
able to print the design section by section on a large canvas. The system would
know which color or colors to emit based on the design and location of the
printing tool. After the user mapped the material and uploaded the design the
user would simply pass the device over the material to print the image.

[0089] The printer embodiment could be manually guided or automatically
positioned with wheels (or treads, or other) like a robot. As seen in Figure 14, a
printer embodiment 800 is provided. As with the tool based embodiments, the
system 800 includes a camera 801 which is used to build a map of the surface
and track the position of the device 800 on the surface. The printer head 805 can
slide along a linear stage 806 powered by a stepper motor 807 which rotates a
lead screw 803 which moves a precision nut 804 .

[0090] In one instance, the user builds up a map of the surface and registers
an image that is to be printed to that surface. The user then positions the device
800 at one side of the intended printed area. The camera 801 takes an image
and determines its position on the surface. The printer head 805 is then moved

from one end of the linear stage 806 to the other to lay down a strip of ink. The
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device 800 is then moved forward the width of one strip of ink (or slightly less to
prevent gaps) by stepper motors 802 attached to wheels 809. The printer
embodiment 800 also has wheels 811 which are merely to roll when the motor
driven wheels 809 are driven. Once the printer 800 has determined its in the
correct place for the next strip, the printer prints the strip of ink and repeats until
the edge of the image has been reached. In this way, the printer 800 can lay
down a band of ink as wide as a strip’s length and arbitrarily long. At this point,
the printer can either move itself to the next position to start laying down another
band of ink, or the user can do this manually.

[0091] Various embodiments of the printer system 800 can work either in real
time (i.e., printing as it is moving) or by taking steps (printing only when at a
stop). Different embodiments can be made to suit different tasks: e.g., a high-
speed, real-time version might be built to print billboards, which have low
accuracy requirements, while a more precise, slower, step-taking device might
be built to do accurate large-format printing, e.g. of posters. Either approach can
also be made to work on a wall, which would make it possible to print murals,
advertisements, or other images directly onto a wall, rather than having to print
the image on wall paper and then stick it up. In addition, this tool could easily be
made to work with curved surfaces, which are typically extremely difficult to cover
with images.

[0092] The printer embodiment 800 could be adapted for use with any type of
paint including inkjet, liquid or spray paints, markers, laser printing technology,

latex based paints, and oil based paints.

32



WO 2012/159123 PCT/US2012/038910

[0093] The mapping phase could be also be bypassed if it was clear the
material size was greater than the design. The user would simply determine a
starting point that corresponds with a region on the design (i.e. the top right
corner) and the system 800 would start painting the image. Such would be useful
when painting many copies of a single image in many locations.

[0094] The embodiments discussed herein so far have focused on rigs which
accommodate a tool being attached to a stage and the stage is moved or
controlled by one or more motors. The linear design depicted a router moved by
a motor where the router is connected to a linear stage. In such instances, the
router is attached or mounted as a separate unit. However, the system could
easily be designed as one unit where the stage, motors moving the stage,
controllers, and all within the same housing and within the same power system
as the housing and power of the tool. By way of example, the router housing
would be enlarged to fit the stage and motors and might include a display
integrated into the housing. Through such an embodiment, the form factor might
be improved to look like a one piece tool.

[0095] The embodiments presented here are not meant to be exhaustive.
Other embodiments using the concepts introduced in the present invention are
possible. In addition, the components in these embodiments may be
implemented in a variety of different ways. For example, a linear stage, or a
hinge joint, or an electromagnetic slide, or another positioning mechanism may
be used to adjust a tool or the stage the tool is on in reaction to its detected

position and its intended position.
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[0096] By way of example, the present invention could also be used with
drills, nail guns, and other tools that operate at a fixed position. In such
embodiments, the tool and software could be modified such that the plan
consists of one or more target points instead of a full design. The device could be
moved by the user such that a target position is within the adjustment range. The
software could then move the tool to the correct target position. The user could
then use the tool to drill a hole, drive in a nail, or whatever the desired function is.
[0097] Alternatively, these tools can also be used without automatic
adjustment. The stage, pivot, motors, and eccentrics could be removed. The tool
could be attached to the lower stage housing. The software could be modified
such that the plan consists of one or more target points. The user could move the
device such that the tool is directly over the target position. The user could use
the location feedback provided on the display to perform accurate positioning.
[0098] In an alternative embodiment, the present invention could also be used
to position a jigsaw. A jigsaw blade can be rotated and moved in the direction of
the blade, but not moved perpendicular to the blade or it will snap. The present
invention could be modified to include a rotating stage which would be placed on
top of the positioning stage. The jigsaw would be attached to this rotating stage.
The software would be modified to make the jigsaw follow the plan and rotate to
the correct orientation, and made to ensure that the jigsaw was never moved
perpendicular to the blade. A saber saw could also take the place of the jigsaw to

achieve the same effect. The cutting implement would be steered by rotating the
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rotating stage, and the cutting implement could be moved along the direction of
cutting by moving the positioning stage.

[0099] Another possibility would be to only support rotation and not support
translation. This could be done by automating the orientation of the blade in a
scrolling jigsaw (which is a jigsaw with a blade that can be rotated independently
of the body). In this embodiment, the software would only steer the blade to aim it
at the correct course; the user would be responsible for controlling its position.
[00100] The present invention could also be used to position a scroll saw. In
this embodiment, the camera would be on the scroll saw, and the user would
move the material. The upper and lower arms of the scroll saw could be
mechanized such that they could be independently moved by computer control.
The user would then move the material such that the plan lay within the
adjustment range of the scroll saw, and the software would adjust the scroll saw
to follow the plan. The upper and lower arms could be moved to the same
position, or moved independently to make cuts that are not perpendicular to the
material.

[00101] The invention could also be used in an alternative embodiment where
the position correcting device is mounted to a mobile platform. In this
embodiment, the device could be placed on material and left to drive itself
around. The invention could also be used in an alternative embodiment in which
two mobile platforms stretch a cutting blade or wire between them. In this
embodiment, each platform could be controlled independently, allowing the

cutting line to be moved arbitrarily in 3D, for example to cut foam.
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[00102] The invention could also be used as an attachment to vehicles or
working equipment such as a dozer in which the position-correcting mechanism
is mounted on the vehicle. In this embodiment, the vehicle could be driven over a
sheet of material such as steel plate lying on the ground, and a cutting tool such
as a plasma cutter could be used to cut the material. The invention could also be
used as a plotting device or painting device, for example to lay out lines on a
football field or mark a construction site.

[00103] Although SLAM was described as the exemplary mode for mapping
and determining the location of the tool 699, it is to be understood that various
other location processing and determining technologies are possible, such as,
but not limited to, integrating wireless position sensing technologies, such as RF,
near field communication, Bluetooth, laser tracking and sensing, and other
suitable methods for determining the position of the tool 699 on top of the work
piece.

[00104] Although various steps are described above according to the
exemplary method of this invention, it is to be understood that some of the steps
described above may be omitted, and others may be added without departing
from the scope of this invention.

[00105] It will be recognized by those skilled in the art that changes or
modifications may be made to the above described embodiment without
departing from the broad inventive concepts of the invention. It is understood

therefore that the invention is not limited to the particular embodiment which is
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described, but is intended to cover all modifications and changes within the

scope and spirit of the invention.
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WHAT IS CLAIMED IS:

1. A tool for automatically adjusting the location of a working member of the

tool comprising:
a stage adapted to receive the working member;
at least one motor adapted to move the stage;
at least one motor controller that controls the at least one motor;

a processor in combination with one or more software applications for
processing data and providing information to the at least one motor

controller;

at least one camera adapted for use with the processor for capturing

images of a surface,

wherein the captured images are processed to build a map

of the surface;

wherein a subsequent captured image of the surface is
processed to determine the location and orientation of the tool

relative to the map; and

wherein the processor provides information to control the at least one

motor to move the stage and working member to a desired location.

2. The tool of claim 1, wherein location of the working member is calculated

based upon the location at least one of the at least one cameras.
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3. The tool of claim 1, wherein location of the tool is calculated based upon

the location at least one of the at least one cameras.

4. The tool of claim 1, wherein the tool is one of: a router; a drill; a nail gun;

a jigsaw, a scroll saw; or a printer.

5. The tool of claim 1, wherein the working member is one of: a cutting bit; a

saw blade, a drill bit, a hammer, or a printer head.

6. The tool of claim 1, further comprising a display screen indicating the

location of the working member relative to at least a portion of the map.

7. The tool of claim 9, wherein a design can be loaded into a memory
adapted for use with the processor and displayed on the display relative to the

map and location of the working member.

8. The tool of claim 1, further comprising a design loaded into a memory
adapted for use with the processor, wherein an intended path for the working

member is determined based on the design and the map.

9. The tool of claim 11, wherein the motor control information moves the

working member to a point on the intended path.

10. A tool for automatically adjusting the location of a working member of the

tool comprising:
a stage adapted to receive the working member;
at least one motor adapted to move the stage;

at least one motor controller that controls the at least one motor;
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a processor in combination with one or more software applications for
processing data and providing information to the at least one motor

controller;

at least one sensor adapted for use with the processor for capturing

information about a working piece,

wherein the captured information is processed to build a

map of the working piece;

wherein further sensor information is processed to determine

the location and orientation of the tool relative to the map; and

wherein the processor provides control information to control the at
least one motor to move the stage and working member to a

desired location.

11. The tool of claim 10, wherein location of the working member is

determined based upon the location at least one of the at least one sensors.

12. The tool of claim 10, wherein location of the tool is determined based

upon the location at least one of the at least one sensors.
13. The tool of claim 10 wherein at least one of the sensors is a camera.

14. A rig for automatically adjusting the location of a working member

comprising:
a stage adapted to receive the working member of a tool;

at least one motor adapted to move the stage;
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at least one motor controller that controls the at least one motor;

a processor in combination with one or more software applications for
processing data and providing information to the at least one motor

controller;

at least one sensor adapted for use with the processor for capturing

information about a working piece,

wherein the captured information is processed to build a

map of the working piece;

wherein further sensor information is processed to determine
the location and orientation of the working member relative to the

map; and

wherein the processor provides control information to control the at
least one motor to move the stage and working member to a

desired location.

15. The rig of claim 14, wherein the location of the working member is

determined based upon the location at least one of the sensors.

16. The rig of claim 14, wherein location of the tool is determined based

upon the location at least one of the sensors.
17. The rig of claim 14, wherein at least one of the sensors is a camera.

18. The rig of claim 14, wherein the tool is one of: a router; a drill; a nail gun;

a jigsaw, a scroll saw; or a printer.
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19. The rig of claim 14, wherein the working member is one of: a cutting bit;

a saw blade, a drill bit, a hammer, or a printer head.

20. The rig of claim 14, further comprising a display screen indicating the

location of the working member relative to at least a portion of the map.

21. The rig of claim 20, wherein a design can be loaded into a memory
adapted for use with the processor and displayed on the display relative to the

map and location of the working member.

22. The rig of claim 14, further comprising a design loaded into a memory
adapted for use with the processor, wherein an intended path for the working

member is determined based on the design and the map.

23. The rig of claim 14, wherein the motor control information moves the

working member to a point on the intended path.
24. The rig as recited in claim 14, which performs the method comprising:
selecting and registering a design to be rendered,;
preparing and aligning a position of the tool on the rig;

advancing the tool in a first direction and within a selected range

substantially adjacent to an outline of the design; and

automatically realigning the tool to a boundary edge of the design

in a second direction as the tool is advanced in the first direction.

25. A method of locating a tool on a material, the tool being attached to a

stage on a rig, comprising:
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selecting and registering a design to be rendered,;
preparing and aligning a position of the tool;

advancing the tool in a first direction and within a selected range

substantially adjacent to an outline of the design; and

automatically realigning the tool to a boundary edge of the design

in a second direction as the tool is advanced in the first direction.

26. The method of claim 25, wherein aligning of a position of the tool is
performed by comparing the position of at least one marker disposed on the

material to the registered position of the design.

27. The method of claim 25, wherein the selected range substantially
adjacent to an outline of the design is a target range window displaying an
illustration of: the tool, an intended cut path and a desired tool movement path

that may be different from the intended cut path.

28. The method of claim 25, wherein automatic realigning of the tool to a
boundary edge of the design in a second direction is performed automatically by

a repositioning mechanism, as the tool is advanced in the first direction.

29. The method of claim 25, wherein automatic realigning of the tool is in

response to receiving image data from a camera.

30. The method of claim 25, wherein automatic realigning is in response to

processing of a received capture of an image of a marker on the material.
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31. A method of cutting a design in a material based on a relative constant
speed of movement of a tool, the tool being attached to a stage on a rig,

comprising:

displaying a target range window rendering an illustration of a
point of reference of the tool, an intended cut path and a desired tool

movement path that may be different from the intended cut path.

aligning and advancing the tool in a first direction at the relative
constant speed of movement along the desired tool movement path to cut

away the material at the intended cut path; and

automatically realigning the tool in a second direction to a
boundary edge location of the intended cut path as the tool is advanced at
the relative constant speed of movement in the first direction along the

design.

32. The method of claim 31, wherein the target range window includes a
target range area that surrounds the point of reference of the tool, a portion of the

intended cut path and a portion of the desired tool movement path.

33. The method of claim 31, wherein the desired tool movement path is in at
least one of a clockwise or counterclockwise continuous movement around a

perimeter of the design.

34. The method of claim 31, wherein the design is a virtual overlay in the

target range window.
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35. The method of claim 31, wherein automatic realigning of a position of the
tool is performed based on a comparison of a previous position on the design

and a preferred next position on the design.

36. The method of claim 31, wherein automatic realigning of the tool to a
boundary edge of the design in a second direction is performed automatically by

a repositioning mechanism, as the tool is advanced in the first direction.

37. The method of claim 31, wherein the automatic repositioning of the tool
accounts for the width of a cutting member of the tool relative to the intended cut

path.

38. The method of claim 31, wherein automatic realigning of the tool is in

response to receiving live feed of image data from a camera.
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