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SYSTEMS, METHODS AND APPARATUS FOR GUIBED TOOLS

CROSS-REFERENCE TO RELATED APPLICATION
G001} This application claims the benefit of prority under 35 US.C. § 1190 US.
Provisional Patent Application No. 62/161,179, filed May 13, 2015, which is hereby

incorporated in reference herein in its entirety.

BACKGROUND

[6602] Visual guides that arc drawn on material may be ditficult for a user to follow

manually. Further, it may be difficult to determine a position of a tool on the material.
SUMMARY

16003}  Apparatuses, systers and methods of the present disclosure facilitate guiding a tool.
In some embodiments, the system includes a rnig or frame with a stage that may be positioned
on the surface of a picce of material such as wood. The tool can be electrically or
mechanically coupled to the frame, and the frame together with the tool can be passed over
the material. The system can include sensors, cameras or positioning logic to determine the
tool’s position on the material and accurately move (or provide instructions for a user to

move) the frame, stage, or tool to a desired coordinate on the material,

[0804] In some embodiments, the surface of the matenal can be marked with location
markers that facilitate detecting a location of the tool relative to the surface of the material.
The marker can be designed or configured to facilifate casy, fast, and reliable detection by a
sensor of the tool. In some embodiments, the marker may melude a binary image or be
constructed in a manner that can be casily converted to a binary image. For example, the
marker may include a fiducial marker that can be detected with minimal coraputation power,

such as a black-and-white image that may represent dominoes.

[B805] In some embodiments, the present disclosure 1s directed to a svstem, method or
apparatus of directing or extracting dust that may be generated while performing atask ona
surface of a material. For example, while a cutting tool is cutting a matenal such as wood,
saw dust may be produced which may make it difficult for the tool to detect markers that may
be placed on the surface of the material. The tool of the present disclosure includes a cavity

i which the dust generated by cotting the material can be directed. For example, the cavity
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may include a void i tool frame, and a fan of the tool may direct the dust towards the cavity.
Further, a vacuum may be coupled to the tool such that the dust can be extracted via the

channel.

[6606] In some embodiments, the present disclosure is directed to a system, method or
apparatus for determiming the position of a tool relative to a work surface. The system,
method or apparatus can determing changes in the force exerted by the tip of the tool (e.g., a
cutting bit) in order to determine when the tip of the cutting tool is touching or pressing
against the surface of the matenial. For example, the tip of the tool may be in a first position
that 1s not touching the work surface. The tip may gradually move to a second position that
touches the surface of the maierial. When the tip of the tool moves to the sccond position, the
system, method or apparatus can determine a change in the force, which may indicate that the
tool tip 1s touching the surface of the matenial. For example, the force exerted on a base of

the tool may be less because the tip of the tool 15 offlcading some of the force from the base.

[3607] At least one aspect of the present disclosure 1s directed to a system to calibrate
position detection for a tool. The system can include base coupled to the tool. The base can
he in contact with a working surface. The system can include a computing device having one
or more processors. The system can include a sensor communicatively coupled to the
computing device. The system can imchude 8 motor controlled by the computing device. The
computing device can identify, via the sensor, a first value of a parameter indicative of an
amount of force exeried by a portion of the base on the working surface. The computing
device can instruct the motor to extend the working member towards a working surface. The
computing device can identify, via the sensor upon the working member contacting the
working surface, a second value of the parameter. The computing device can compare the
first value ot the parameter with the second value of the parameter {0 generate a difference
between the first value and the second value. The computing device can determing a z-axis
position of the working member relative to the working surface responsive to the difference

between the first value and the second value greater than a threshold.

10608] At least one aspect of the present disclosure is directed to a method of evaluating a
position of a working member of atool. The method can include a sensor communicatively
coupled to a computing device comprising one or more processors detecting a first value of a
parameter indicative of an amount of force exerted by a portion of a base of the tool on the

working surface. The method can nclude a motor controlled by the one or more processors
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of the tool extending the working member towards the working surface. The base can be at
least partially in contact with the working surface. The method can include the sensor
detecting a second value of the parameter when the working member contacts the working
surface. The second value of the parameter can be less than the first value of the parameter.
The method can include the computing device determining a z-axis position of the working
member relative to the working surface responsive to a difference between the first value and

the second value greater than a threshold.

[B609] At least one aspect is directed to a system to position a working member of a tool.
The system can include a base coupled to the tool. The system can include a computing
device comprising ong or more processors. The system can include a sensor
comummicatively coupled to the computing device. The system can include a motor
controtled bv the computing device. The system can include the computing device
configured to identify, via the sensor, a first value of a parameter indicative of an amount of
force exerted by a portion of the base towards a working surface. The computing device can
instruct the motor to exiend the working merber towards the working surface. The
computing device can identify, via the sensor with the working member in contact with the
working surface, a second value of the parameter. The computing device can compare the
first value of the parameter with the second value of the parameter to identify a difference
hetween the first value and the sccond value. The computing device can determine a z-axis
position of the working member relative to the working surface based on the difference

between the first value and the second value greater than a threshold.

[B810] At least one aspect 1s directed to a method of positioning of a working member of a
tool. The method can include detecting, by a sensor communicatively coupled to a
computing device comprising one or more processors, a first value of a parameter for a first
vertical position of a base of the tool. The method can include extending, by a motor
controlled by the computing device, the working member towards the working surface. The
method can include detecting, by the sensor with the working member in contact with the
working surface, a second value of the parameter indicating a second vertical position of the
base of the tool. The method can include companing, by the computing device, the first value
of the parameter with the second value of the parameter to determineg a change in vertical

position of the base of the tool. The method can include determining, by the computing
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device, a z-axis position of the working member relative to the working surface based on the

change e the vertical position of the base of the tool.

10611} At least one aspect is directed to a system to position a working member of a tool.
The system can include a base coupled to the tool. The system can include a computing
device comprising one or more processors. The svstem can include one or more sensors
communicatively coupled to the computing device. The system can imchude one or more
motors controlled by the computing device. The computing device can deternung, viathe
one OF MOTC SENSOTs, a z-axis position of the working member. The computing device can
provide, based at least in part on the z-axis position of the working member, motor control
information to control the one or more motors to move the working member from a first
focation to a second location, the tool advanced in a direction that 15 within a range adjacent

to a predetermined path for the working member of the tool.

[B612] At least one aspect is directed to a system to position a working member of a tool.
The system can include a base coupled to the tool. The system can include a computmg
device comprising ong or more processors. The system can include one or more sensors
commmumicatively coupled to the computing device. The system can include one or more
motors controlled by the computing device. The svstem can mehade a cavity of the ool to
move particles of material removed from the working surface by the working member. The
computing device can determine, based on first information received via the one or more
sensors, a first location of the working member. The computing device can compare the first
location of the working member with a predetermined path to deternmune a second location for
the working member of the tool corresponding to the path. The computing device can
provide, based on the second location, motor control mformation to control the one or more
motors to move the working member from the first location to the second location, the tool
advanced m a direction that 1s within a range adjacent to a predetermined path for the
working member of the tool, the cavity configured to move the particles of the material in a

direction opposite to the direction m which the tool advances.

BRIEF DESCRIPTION OF THE DRAWINGS
[B813] FIG. 1 1s an illustrative example of an embodiment of an apparatus for

antomatically guiding tools.
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[0814] FIG. 2 is an illustrative example of an embodiment of an apparatus for
automatically guiding tools following a target path area and performing a task according to a

planned design.

[6615] FIG. 3 is an iHustrative block diagram of an embodiment of a svstem for

automancally guiding tools.

[B816] FIG. 415 an illustrative flow chart of an embodiment of a method for avtomatically

guiding tools.

[6617] FIG. 319 an illustrative flow chart ot an embodiment of a method for automancally

guiding tools.

[B818] FIG. 615 a block diagram illustrating a general architecture for a computer system
that may be employed to implement various elements of the systems, apparatus and the

methods disclosed herein, in accordance with an embodiment.

[B819] FIiGs, TA-7TB arc illustrative diagrams of locating markers that may be employed to
tmplement various clements of the systems, apparatus, and the methods disclosed hercin, in

accordance with an embodiment.

[6628] FIGs. 8A-8B are an illustrative example of an embodiment of an apparatus for
directing or extracting dust particles that may be emploved to implement various elements of

the systems, apparatus, and the methods disclosed herein, in accordance with an embodiment.

[3621] FIGs. 9A-9B are an illustrative example of a top perspective view of an
embodiment of a base plate for directing or extracting dust particles that may be employed o
implement varous clements of the systems, apparatus, and the methods disclosed herein, in

accordance with an embodiment.

[6022] FIG. 9C is an illustrative example of a bottom perspective view of an embodiment
of a base plate for directing or extracting dust particles that may be employed to mmplement
various elements of the systems, apparatus, and the methods disclosed herein, in accordance

with an embodiment.

[6023] FIG. 9D is an dlustrative example of a top perspective view of an embodiment of a

base plate for directing or extracting dust particles that may be emploved to mmplement
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various elements of the systems, apparatus, and the methods disclosed herein, in accordance

with an embodumnent.

10624] FiGs. 18A-108 arc an illustrative example of an embodiment of a system for
determining a location of a tool tip that may be emploved to impleraent various elements of

the systerns, apparatus, and the methods disclosed herem, in accordance with an embodiment.

[6625] FIGs, 10C-10D arc an tlustrative example of an embodiment of a force sensor
positioned on an apparatus for determiming a location of a tool tip that may be emploved to
implement various elements of the systems, apparatus, and the methods disclosed herein, 1n

accordance with an embodiment.

[6826] Fis, 11A-11B are an illustrative example of directing or extracting dust pasticles
using various clements of the svstems, apparatus, and the methods disclosed herein, in

accordance with an embodiment.

{66277 FIG. 12 15 an illustrative example of a block diagram depicting a method of

positioning a working member of a tool, in accordance with an embodiment.
[6828] FIG. 13 depicts a front view of a tool in accordance with an embodiment.

16029]  FIG. 14 depicts a front view of a tool without a working member attached in

accordance with an embodiment.

[3038] FIG. 15 provides a side view of a tool with a working member attached m

accordance with an embodiment.

[6631] FIG. 16 provides a side view of g tool without a working member attached in

accordance with an embodiment.

[3632] FIG. 17 provides a rear view of a tool with a working member attached in

accordance with an embodiment.

[0833] FI. 18 provides a rear view of a tool without a working member attached in

accordance with an embodiment.

13634} FIG. 15 provides a top view of a tool with a working member attached in

accordance with an embodiment.
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[0835] FIG. 28 provides a top view of a tool without a working member attached in

accordance with an embodiment.

10636] FIG. 21 provides a bottom view of the internal stage and pivot components of a tool

in accordance with an ernbodiment.
DETAILED DESCRIPTION

{3837} The present disclosure relates generally to systems and methods for workingon a
surface such as woodworking or printing. I some cmbodiments, the present disclosure
relates to determining the location of a tool in reference to the surface of a material and using
the location to guide, adjust or auto-correct the tool along a predetermined path or design plan
such as, 2.g.. a cotting or drawing path. In some embodiments, the reference location may

correspond to a design or plan obtained via an online design store.

10638] In some cases, the present disclosure can facilitate evaluating a position of
working member of a tool. Evaluating the position of the working member can inchude, for
example, determining the geometry of the cutting tool or determining the geometry of a work

picce {c.g., working surface).

13632} Determining the geometry of the tool can include or refer to determining the
position of the tool tip {¢.g., working member} relative to a reference frame of the tool.
Determining the geometry of the tool can mclude or refer to determining the diamcter of the
cutting tool. The tool geometry information can be used to antomatically determine a length
of a cutting flute of the working member and an angle of the cutter {e.g. a ¥V carving bit or

helix angle).

13048} Dectermining the geometry of a work piece can include or refer to determining or
measuring the thickness of the material to be cut, or creating a topological map of a surface
by repeatedly probing 1t with a tool tip. The tool can determine the location of features of

tnterest such as holes on a work piece.

{3841} The present disclosure can use one or more technigues to determine the position of
the working member or tool tip relative to the reference frame of the tool {e.g., tool height).
For example, the tool can include a tool tip or working member and a base. The base of the

tool can rest on and be i contact with a working surface. A technigue to determune the
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position of the tool tip can include extending or dropping the tool tip onto the work surface
{or a convenient flat surface such as a tabie) while measunng the weight on the base of the
tool. When the tool tip akes contact with the work surtace, weight can be transferred onto
the tool tip and off of the base of the device as additional downward motion of the cutting
tool ocaurs. The tool can detect this redoction in weight on the base by weight sensors in the
base. This technigue can provide improved accuracy in determining the position of the ool
tip because the tool tip position can be determined within a fraction of the tool travel
necessary to lift the base of the device off of the work surface. In some cases, where the tool
tip can be quite sharp, the tool tip can sink or enter into the work surface (e.g., wood) a
distance before generating sufficient force to cause the device to hift. However, since the
weight sensors can be configured to detect even a small force reduction (e.g., 1%, 2%, 3%,
5%, 0.5%, 0.1%, or 10% of the force exerted by the tool or base on the material prior to the
tool tip contacting the working surface}, the too! can detect the change in force as the tool tip
contacts the working surface cven if the tool tip 1s to at least partially enter the working

surface.

[B842] Furthermore, the tool can determine the position of the tool tip with this technigue
without performing an absolute calibration of the weight sensors because the tool can
determine the position based on detecting a change in the force. Therefore, it can be possible
to determine the position of the tool tip using inexpensive and uncalibrated force sensors.
Examples of force sensors can include force-sensitive resistors, capacitive force sensors,

high-pass sensors or piczo-resistive Sensors,

[3843] The tool can detect when the tool tip or working member contacts or comes into
contact with the work surface by detecting, noticing, determining. or otherwise identifying a
lift of the base. The Lift of the base may be a relativelv small Iift {c.g., a reduction in force on
the force sensor of 1%, 5%, 19, 2%, 5%, 10%, 13%, 20% or some other percentage based
on the resohition or granularity of the force sensor}). In some cases, the tool can detect the ift
based on a tlt of the base {e.g.. 1 degree angle, 2 degree, 5 degrees, 10 degrees, 15 degrees,
25 degrees or some other tilt that is detectable). The tool can detect the tilt using a camera,
visual information, gyroscope, or 3-axis accelerometer. For example, the camera can
determine shift in the captured image corresponding to a tilt resulting from the base lifting.
The camera can take a first picturc or image before the too! brings the tool tip into contact

with the working surface, and then take a second image when the tool tip contacts the
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working surface. The camera can compare the first image with the second image to identify a
tilt or varation between the two images. The accelerometer can indicate the tilt responsive to
a motion or sudden motion caused by the base lifting. In some cmbodiments, the tool can

include a force sensor i the tool mount to directly measure the force on the cutting tool tip.

[6644] The tool can determine or detect additional information about the tool including tip
or working member position, diameter, or tool geometry. For example, the tool can melude a
break-beam sensor {e.g. laser break beam sensor, infrared break beam sensor, photoelectric
sensor, or optical sensor). The working member can be dropped into the hine of action of the
sensor and the tool can detect the position of the working member when the working member
breaks the beam. In some cases, the axis of the beam can be pre-calibrated relative to the
coordinate frame of the tool. However, it may be challenging to accurately detect the tp

position with this technique based on the tip geometry {e.g., if the tip shape is not flat across).

[6845] The tool can determine the proximity of the tool tip to the working surface using a
capacitive sensor or an electromagnetic sensor. For example, the electromagnetic sensor can
sense or detect a change in mductance of a sensing coil in the proximity to the tool tip or

working member that inchides metal by sensing eddy currents induced 1o the metal.

[8046] Another approach is to use a vision camera aimed at the tool to determine the
position of the working member or tool tip. The vision camera can be pre-calibrated to the
tool coordinate frame to detect the tool tip. In some cases, the vision camera can include a
linear charge coupled device (CUD) sensor or other image sensor. A linear CCD sensor may

use fess processing than a vision camera to detect the tool tip.

[0847F The tool can measure the tool diameter using one or of these techmigues. The tool
can shift the tool tip arcund while measuring or determining the position of the tool tip. By
shifting the tool tip, the tool can use a single break-beam sensor to detect tool diameter by
passing the tool left-to-right through the sensor. The lateral motion of the tool can cause a
first break and then unobstruct the beam to provide a measure of the tool diameter. Since
router bits can have helical flutes, the tool can perform multiple measurements along the
length of the tool to determine the diameter. The tool can determine the diameter usimg eddy
currents or capacitive sensing with a one~-dimensional sensor to gather multi-dimensional
information about the tool geometry by correlating the sensor data to the tool position. The

tool can determine additional information about the tool tip such as tip angle in the case of a
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v-cutting bit. Furthermore, the tool can include a vision camera to detect geometric

propertics of the tool.

10848} The tool can measure the geometry of the work surface by correlating the tool tip
position with device position on the plane of the work surface. To do so, thetool {eg.. a
cvhindrical tool with a conical or spherical tip) can first be related to the reference frame of
the tool by detecting the position of the tool tip. Once the position of the tool tip 1s known
relative to the tool’s reference frame, the tool can be positioned laterally over a surface of
interest (¢.g., working surtace) to deteroine the vertical position of the working surface. The
vertical position of the working surface can refer to a recess, cavity, mdent, or concave
portion in a piece of wood whose depth is of interest. The tool tip can then be nserted,
extended, lowered, plunged otherwise moved until the tool tip contacts the bottom of the
recess. The additional displacement of the tool tip bevond the top portion of the surface
where the tool tip first contacted the work surface mdicates the depth of the recess. Hf'the
surface profile of the recess was of imterest, the tool might be moved around the recess to
multiple points. The tool can determine, at cach of the multiple points, the depth. The tool
can record both the depth and lateral position of the tool (e.2., x, v, and z coordinates, where
x and v coordinates can refer to the lateral position and the z coordinate can refer to the
depth). The lateral motion could be accomplished automatically using a built-in positioning

stage, ot performed manually by the user, or a combination of both.

[3049]  Another potential application could be to find the center position of holes on a work
surface. A tool with a conical tip can be fitted into the device. The tool can then be positioned
approximately {e.g., within 5%, 10%, 15%, 20%, 25%, 30%, 50%, 75%, or 90% of the
diameter of the hole } over the center of the hole, and plunged until the tip contacts the circle
of the hole. Because the tool tip can be conical, the tool tip can cause the tool to center over
the hole. The tool can then deternune the lateral position (e.g., x and v coordinates) using, for

example, a vision system to ascertain the position of the hole.

13658] The tool can determine a thickness of a working surface or other piece of material.
Using the determined thickness of the working surface, the tool can automatically set cutting
depths or update cutting paths that may be dependent on the maternial thickness {e.g., a box
jownt where the length ot the fingers are to correspond to the thickness of the mating
material). The tool can determine or measure the thickness of the material hang or place the

tool or portion thereof over an edge of the working sorface or material, and then extend the

10
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tool tip until 1t contacts the surface supporting the material. The depth the tool tip extends
beyond the top of the work surface in order to contact the surface supporting the working

surface can indicate the thickness of the working surface,

[6651] The tool can determine a location of the tool or tool tip relative to a surface of a
working matenal using location markers that may include contour trees, binary images,
fiducial markers, or dominoes. The present disclosure facilitates directing and extracting dust
away from a portion of the tool by gencrating airflow that directs the dust via one or more
channels in a portion of the tool. The present disclosure facilitates determining a height of
the tip of the tool using force sensors that detect a reduction m force when the tip of the tool

touches the material.

[0652] With the deternined information, the tool can be configured to gunde a working
member of the tool to perform a task on a target material {e.g., working surface). In some
embodiments, a system may antomatically guide a tool to perform the task. For example, m
some embodiments, the present disclosure provides a handheld system that can identify the
location of a tool, or a rig that contains a tool, relative to the material being worked. In some
embodiments, the device may be non-handheld; e g, the device may be on a movable
platform such as a remote control platform, robotic platform, or another tvpe of movable
platform that may or may not be controflable. The systems may adjust the location of the tool
{or provide instractions for the adjustment of the location of the tool) based on or responsive
to the current location of the ool and a desired location corresponding to a design plan. In
some embodiments, the system includes a handheld device with a working mstrument
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.

[B853] Insome embodiments, systems and methods disclosed herein can include a location
detection system or perform one or more location detection techniques that can detect the
carrent focation or position of a tool on a target material accurately, robustly, or with low
latency. For example, a video or sill image camera coupled to the tool and accompanying
control circuitry may be used to scan the surface of the material and process the scanned data
or scanned image data to generate a digital map of the surface of the matenial in advance of
performing a task on the material. When the tool is brought near the surface of the material

dunng performance of a task on the material, the camera may take a second image and

11
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compare the second image with the digital map to detect a location of the tool relative to the

material.

10654] In some embodiments, various location detection techniques may be used including,
¢.g., integrating wircless position sensing technologies, such as RF, near field
communication, Blugtooth, laser tracking and sensing, or other suitable methods for
determining the position of the tool and facilitating guiding or adjusting the position of the
tool to perform a task. In some cmbodiments, the svstem may include a hybnd location
detection system that emplovs two or more location detection techniques to determine the
location of the tool. For example, each location detection technique mayv mclude orthogonal
strengths and weaknesses, but when combined, can detect a location with high accuracy and
low latency. For example, a first location detection technigue may be high accuracy but low
frequency (e.g., a sensor configured to obtain data once per second that accurately determines
the position but has high latency). The first location detection technique may be combined
with a second location technique that includes a sensor that provides location information
with high frequency and high accuracy but provides limited information {¢.g., an optical
mouse sensor that 18 high frequency and high accuracy but only provides dead reckoning
inclading direction and speed of movement rather than the location of the tool in a global
context). In an iHustrative example, the bvbnd location system may usc a camera to obtain
an image to determine a posttion of the tool on the surface of the matenial accurately, and
then use an optical mouse sensor to track the change of the position until the next frame of
the image comes in. In this example, the second location technigue using the optical mouse
sensor may not provide all tocation tracking because integrating velocity to determine a
posiiion may accumulate error over time, or the device would not be able to determine a

focation if the device was picked up and put it down at a different position.

18038} In some embodiments, to gencrate the map i advance of the cutting or drawing
operation, a user may sweep the surface of a material with a camera until the camera has
obtained images of all, substantially all, or a portion of the surface of the material or desired
portion thereof. The system may obtain these images and stitch the images together to
produce a cohesive map. Generating the digital map image and detecting the location may
mclude ong or more image processing techniques, pattern recognition techniques, localization
techniques, computer vision techniques, for example. For example, the system may wdentify

that points A and B in a first image correspond to point C and [t in a second image and
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accordingly stitch the two images. For example, on a wood surface, the system may identify
variations, bright spots, color vadations, marks, fiduciary markers, binarized images, or wood
grains in the image and compare them with the digital map to determine a location. In
another exampie, the system may further use comers, sides, lighting patterns, or other signal

capable of identifving a location.

[0856] The matenial can be marked to facilitate mapping of the surface of the matenal or
detection of & position of the tool on or proximate to the material. For example, the surface
of a material, such as metal or plastic, may not contain sufficient identifving marks to
accurately detect location. Distinguishing marks or markers can be added to the matenal to
facilitate location detection techmques such as patiern recognition or image processing. The
markers can include any type of material, ink, tape, light, laser, carving, engraving,
temperature gradient, invisible ink (e.g., ik only visible under ultraviolet or other
wavelengths of light) capable of facilitating a location detection technigue. In some
embodiments, the marker includes a tape that can be applied to at least a portion of the
surface of the target material. The tape may mclude symbols such as a unique barcode,
design, patiern, colors, engravings, raised bumps or depressions, for example. In some
embodiments, the marker may include a user randomly marking on the target material with a

pen, pencil, k. nvisible ink, paint, crayouns, or anv other marking or writing instrument.

{6057} In addition to generating a digital image of the surface of the material, in some
embodiments, the system may identify a cutting or drawing design plan on the surface of the
matenal. A design plan may imclude any cutting or drawing a user of the svstem desires. For
example, the design plan may mchude a freehand design, tracing, picture, image, design
generated using computer-aided design ("CAD”) software, purchased design, or a purchased
clectronic design. The design plan can be a design of an object that the tool can create by
performing an operation on the material, such as a design for a table that can be cut from at

least one picce of wood.

[3658] The system can mcorporate the design plan with the map image or otherwise relate
the design plan with a map of the surface of the material or overlay the design plan on the
map image. In some embodiments, the design plan may be drawn on the surface of the
material before or after generating the imtial map of the material (¢.g., using a special pen
whose ink can be detected by the system using ultraviolet or other wavelengths}. I for

example, the surface of the material includes a design {(¢.g., a cutting design or drawing
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design} during the mitial mapping phase, the system may process the image to identify the
design plan and include # in the digital map of the surface of the material. H the design is
drawn or otherwise marked on the surface of the material afier generating the initial map, the
gystem may obtain 1mages of the matenial with the design by using the camera to rescan or
take new 1mages of the material. If the design is drawn or otherwise marked on the surface of
the material before generating the mmitial map, the system may identify the design as a cutting
or drawing design plan or a user may indicate to the system that the identified design is a

cutting or drawing design plan.

[B85%] In some embodiments, a digital design may be added to digital map of the surface of
the material without physically adding the design to the surface of the material or otherwise
marking the actual material with a design. For example, the digital design may be generated
on a computer and may inchude a CAD drawing or any other type of drawing (¢ g., IPEG,
BMP, or GIF). Using CAD software, for example, a user may modify the map image by
adding the design plan. Any other suitable scftware may be used to incorporate a design plan
onto the map image or otherwise relate a design plan with a map of the surface of the material
{(¢.g.. data that indicates a location of the design plan used to facilitate the performance of a
task on a material}. After registering the design on the digital map or digital map image, the
system may provide the corresponding digital map data or digital image data with the design
plan to the tool. In some embodiments, the system may display the map image with the
design on a display device of the tool to facilitate a user performing a task on the material. In
some embodiments, the tool may perform the task i accordance with the design plan withowt
displaving the design plan {c.g., the tool may antomatically perform an aspect of the task or

the tool may not include a display device).

16066]  During the cutting or drawing operation, a user may place the tool on or near the
surface of the material. Upon placing the tool on the surface, the camera may re-scan or take
an tmage of a portion of the surface of the material. The image may correspond 1o a portion
of the matenial that 1s at a location differont from the cutting or drawing tool. The system
may determune the location of the tool relative to the surface of the matenial or the design
plan by comparing identifying marks in the new image with identifving marks in the map
image generated in advance of the performance of the task on the material. The camera may
be mounied or otherwise coupled to the tool such that image capturing aspect of the camera

{c.g., lens) is directed on the surface of the matenal at a fixed and known vector from the
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cutting tool (e.g., drill bit). By focusing the camera away from the cutting tool, the system

may obtain images that are relatively clear of debris caused by cutting that may obfuscate the

markers used for detecting a location.

16061}  The system may compare the new images with the digital map of the surface of the
material to determine a precise location of the tool. For example, the portion of the digital
map corresponding to the top right comer may include a set of identifving marks. Upon
obtaining the new image, the system may identify those same identifving marks and
determine that those marks correspond to the top right comer of the map image. The system
may then determine, based on the camera vector offset, the precise position of the cutting or

drawing tool.

16062} In some embodiments, the system may display, in real time, the precise position of
the cutting or deawing tool on a display device {¢.g., a display device of a too! or a remote
displayv device communicatively coupled to the system or tool). The system may indicate the
posttion on the display via an "X, circle, dot, icon, or using any other indication to signal a
current position of the tool. In some embodiments, the tool may overlay the mdication of the
current position on the design plan or cutting path {¢.g., a prodetermined path). In some
embodiments, the tool may overlay the mmdication of the current position on the map image.
In some embodiments, the tool may overlay the indication of the current position on the map

image that includes an overlay of the design plan.

[3663] In some embodiments, the system may include a positioning system that adjusts or
moves the fool based on a detected location of the tool and a design plan. In some
embodiments, the system can use various Jocation detection technigues to detect the location
of the tool, and use various positioning techniques to move or adjust the ocation of the tool.
For example, the system can nclode a hybrid positioming system that includes two or more
positioning systems to position a tocl. Upon determining the location of the tool and a
desired location tor the fool, the first positioning system may be configured to move, adjust,
or position the tool over a relatively large range (¢.g., move the tool to anywhere on the work
arca or surface of the material}, but with relatively low accuracy. The second positioning
system may be configured to move, adjust, or position the tool over a relatively short range
{c.g., within a radius of 5 inches of the current location of the tool), but with high accuracy.
In some embodiments, the first (¢.g., coarse or rough} positioning system may include a

human positioning a tool on the surface of a material. and the second {¢.g., fine or precise}
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positioning svstem may include positioning the tool using serve motors, stepper motors,
actuation mechanisms, or ¢ccentrics, for example. The first positioning system can include
non-human positioning systems such as, ¢.g., robotic systems, remote controd systems, or

Global Positioning System (“GPS”) enabled devices.

[6664] For example, the first positioning system may include a long-range, low-accuracy
positioning mechanism that is configured to move, adjust or correct the position of the tool
based on the design plan. The second positioning svstem may include a short-range, high-
accuracy positioning mechanism that can move, adjust or correct the position of the tool,
within a maximum range, more precisely than the first positioning mechanism based on the
design. In an illustrative and non-limiting example, the first positioning system may include,
¢.g.. a maximum range that includes the range of the entire work area (¢.g., the arca
comprising the surface of the material on which the task is to be performed), and include an

Y4l

accuracy of +/- 0.25". The second positioning system may mclude, e.g., a maximum range of
3", with an accuracy of +/- 0.01". The maximum ranges and accuracy of the first and
sccond positioning systems may include other range and accuracy values that facilitate
systerns and methods of hvbrd positioning. In various embodiments, range and accuracy
may refer to one-dimensional accuracy {¢.g., along an X-axis), two-dimensional accuracy

{e.g.., X-Y axes) or three-dimensional accuracy (e.g., X-Y-Z axes).

[6865] The first positioning system may be less accurate and mchide a positioning system
where the maximum range 1s substantially greater than the maximum range of the second.
For example, the first positioning system can move the tool from anywhere on the surface of
the material to within +/- 0.25 mches of a desired location, while the second positioning
system can be configured to move the tool up to 5 inches from a current position, but with an
accuracy of 0.01 inches. In some embodiments, the hyvbrid positioning system may include a
plurality of positioning systems that are cach configured to accurately determine a location
and then position the tool to within a certain distance range such that, when the positioning
systems are used together, the system can precisely determine a location and position or
adjust the tool accordingly. In some embodiments, the maximum range of each subsequent
postioning system may be equal to or greater than the accuracy of the previous positioning
system. In an illustrative example, a first positioning system may be able to position the tool
on the surface of the matenal with, e g.. a maximum range corresponding to the size of the

surface of the matenal, and with an accuracy of +/- 1 inch. A second positioning system may
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be able to position the tool on the sarface of the material within a maximum of range of 2
inches with an accuracy of /- 0.1 inch. A third positioning svstem mayv be able to position
the tool anywhere within a maximum range of 0.2 inches with an accuracy of +/- 0.01 inch.
Therefore, in this example, bv using all three positioning systems together, the hybrid
posttioning system can preciscly position the tool within a maximum range that includes the

entire surface of the material or work area with an accuracy of +/- .01 inch.

[8866] Insome embodiments, the system may include automatic adjustment, guiding or
error correction to facilitate performing a task m accordance with a design plan. The system
may use various types of adjustment, guiding or correction mechanisms, mcluding, ¢.g.,
eccentrics, servomechanisms, stepper motors, control loops, feedback loops, actuators, nut
and bolt-type mechanisms. For example, the system may include eccentrics or servomotors
coupled to a frame and the cutting tool configured to adjust the position of the cutting tool
relative to the frame. Upon determining the current position of the cutting tool, the system
may compare the current position with the desired position. The system may then guide the
tool in accordance with the design plan. In some embodiments, when the system determines
there is a discrepancy between the current position and the desired position, or the current
posttion or trajectory deviates from the design plan, the system may adjost the cotting tool in
accordance with the design plan. For example, the system may identify a cutting path or
vector of the tool and the design plan and adjust the cutting tool such that the next cut is in

accordance with the design plan.

3067} The system may utilize various automatic correction mechanisms. In some
embodiments, the system may inchide eccentrics configured to adjust the position of the
cutting tool. For example. using two ecoentrics, the system may adjust the posttion of the
cutting tool in two dimensions. Eccentrics may include any circular widget rotating
asymmetrically about an axis. For example, an eccentric may include a circle rotating about
non-central axis. The eccentrics mayv be coupled to the cotting tool and the frame and be
configured to adjust the position of the cutting tool relative to the frame, which may adjust
the position of the cutting tool relative to the surface of the matenal. In some embodiments,
the system may utifize a screw with a nut to change rotational motion to lincar displacement

to correct or adjust too] positioning.

[0668] In some embodiments, the system may include orientation control based on the tvpe

of cutting tool. For example, if the cutting tool is a saber saw that cannot be adjusted
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perpendicularly, the svstem may adpust the orientation or angle of the saber saw in
accordance with a design plan. They system may include actuators configured to adjust the

tilt or angle of the saw.

[6669] The system can control the z-axis of the cutting or drawing tool. The system can
determine the posttion of the tip of the cutting tool relative to the work surface. By
controlling the z-axis {e.g., an axis that is substantially orthogonal to a surface of the matenial;
an axis that 1s vertical; an axis that is parallel to an axis along which the working member is
lowered or raised to or from the surface of the working member or cutting tool) of the cutting
or drawing tool, the system may start and stop cuiting or drawing in accordance with a design
plan. For example, if the cutting tool is beyond a correctable distance away from the design
plan {¢.g., outside the radius of automatic compensation), the system may stop the cotting by
adjusting the z-axis position of the cutting tool (¢.g., litting the drill bit off the wood). When
the user brings the cotting tool back to within the radius of automatic adjustment, the system
may automatically adjust the z-axis position of the cutting tool such that cotting commenaes
again {e.g., lowers the drdl bit into the wood). The radius or range of compensation may
correspond to a positioning svstem of the localization system. For example, ifthe
localization system includes a hybnid positionimg system that includes a large range and short
range positioning svstem, the radius of compensation may correspond to the short range
positioning system. In some embodiments, controlling the z-axis position of the tool may
facilitate making 2.5 dimension designs. For example, a design plan may indicate z-axis
information corresponding to the surface of the material. Thus, the system can use a
determined z-axis posttion of the working member or cutting tool or tip thereof to control a
moior to move the working member to a second location or position {e.g., X, v, OF Z axis

position},

[6678] In some embodiments, the system may imdicate to the user that the cutting tool 15 on
the design path {¢.g., a predetermimed path) or within the range of compensation such that the
system may correct the position of the cutting tool. In some embodiments, the system may
wndicate to the user that the cutting is not on the design path or not within the range of
compensation. The system may further indicate to the user to correct the position of the
cutting tool or a direction in which to move the cutting tool to bring it on the design path or
within the range of compensation. The system may provide onc or more mdication visually

via the display device, usmg light emitting diodes or other light sources, audio signal, beeps,
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chirps, or vibrations. In some embodiments, an indication that the tool is deviating from the
design path bevond an acceptable range may include automatically shutting off the cutting
machine or adjusting the z-axis of the cutting or drawing tool such that it stops perforning a
task on the matenial. In some embodiments, the system may indicate the design path on the
maternial of the surface itself by, .g., shining a beam of hight indicating to the user where the
design path is and where to proceed. For example, upon determining the error, the system
may shine a beam indicating to the user how much to adjust to the tool in order to bring the

position of the tool to within the range of automatic compensation or on the design path.

[B871] In some embodiments, a plurality of cutting or drawing tools may be used with the
system including, ¢.2., saber saw, jig saw, router, or drill. The system may be configured
such that users may use various aspects of the present disclosure with various cutting or
drawing tools without making anv adjustments to the tool or minor/temporary adjustments.
For example, the system may include a frame, camera, display device, and computing device.
The frame may be configured such that a cutting tool may be placed in the frame. The
camera may be coupled to the frame or may be attached to the cutiing tool. Upon placing the
camera, the svstem may automatically or manually be calibrated such that the system obtains

the vector offset between the camera and the cutting or drawing tool {¢.g., the drill bit).

[6672] In some embodiments, the system may mmclude a freestanding device contigured to
perform mapping and localization functions and indicate to a user the current position of the
device. In some embodiments, the freestanding device may be attached to a cutting tool or
drawing tool. In some embodiments, the freestanding device may not provide automatic
correction fonctionality. In some embodiments, the freestanding device may include a
display or a camera. In some cmbodiments, the fieestanding device may determine a design
path and detect when the tool 1s off the design path. The freestanding device may indicate the
crror by, for example, the display, shiming a light on the surface of the matenial, andio signals,

of volice narration.

[3673] Refernng to Fig. 1, an illustrative example of an embodiment of an apparatus for
guiding iools to perform a task is shown. In some embodiments, the device includes a frame
and atool {c.g., a router in the example of Fig. 1) mounted within the frame. The frame may
be positioned manually by the user. The device can adjust the position of the tool within the
frame to guide or adjust the tool in accordance with a design plan or to correct for error in the

user’s coarse positicning. The device may also include a display and be configured to map
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the target material and display it on the display. In some embodiments, markers on the target
material {e.g., stickers) may facilitate generating a map of the target matenial by providing
diffcrentiating features. The device may obtain a design or plan by downloading it from an
onlme store. The device may display a map of the target material with the design that

indicates the desired cotting pattern,

16074} Referring to Fig. 2, an dlustrative example of an apparatus for antomatically guiding
tools following a target path area and performing a task according to a planned design is
shown. in some embodiments, to follow a complex path, the user of the device may need to
only move the frame in a rough approximation of the path. In this example, the dotted hing
shows the path that the tool would take if its position were not adjusted; the solid line is its
actual path, ¢.g., an outline of the southecastorn United States. In this example, the user can
grip the frame and guide the tool generally along the dashed hine, and the tool can self-adjust
to cut along the solid line. In some embodiments, the device automatically adjasts the drill
bit or other cutting tool based on the position of the cutting tocl (2.g., one or more of an x-
axis posttion, V-axis position, or z-axis position) and the desired position of the cutting tool.
The x-axis and y-axis can intersect to torm an x-v plane that is substantiaily parallel {e.g.,
within 45 degrees) to the surface of the material, while the z-axis is substantially
perpendicular (e.g., 45 degrees of being perpendicular) or orthogonal to the horizontal plane
formed by the x-v axis. In some embodunents, the user of the device may move the device
along the dotted line 1210 in Fig. 2 (or the path 406 of Fig. 23}, while the device
automatically adjusts the cutting tocl {¢.g., an ¥, y or z position} in accordance with the
desired design plan, such as the design plan 1205 of Fig. 2 For example, the device may
wdentify or detect the current position of the cutting tool relative to the target surface with the
design. The device may then compare the corrent position with the desired position of a
design or map and adjust the cutting tool. For example, if the working member or cutting
tool tip is determined to be 1 inch above the surface of the material, the system can determine
to lower the cutting member tip to contact the surface of the material. In another example, if
the design indicates to drill a whole 0.5 inches deep into the material, then the system can
determine the z-axis position of the tip and iosert the tip 0.5 inches into the material based on
the determimed z-axis position. For example, the system can nstruct a motor to extend the

working member or cutting tool 0.5 inches beyond the surface of the material.
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[0875] Referring to Fig. 3, an illustrative block diagram of an embodiment of a system for
automatically guiding tools is shown. In some embodiments, the system 6380 includes a smart
device 681, The smart device 681 may include at least one central processing unit ("CPU™}
or processor 683, and may include software code 685 that performs one or more processes, at
cast on memory 687, or at least one display 689, The smart device 681 may include a sclf-
contained vnit or the smart device 681 mav include components that are not self-contained or
separated. For example, the display 689 may be tethered to the smart device 681 or
mitegrated into the housing of the smart device 681, In some embodiments, the smart device
681 may be mtegrated as part of the system 680 so that the system is a self-contained portable

unit.

[6676] In vanous embodiments, the svstem 680 can inchide one or more sensors (o
facilitate determining a location of the tool (e.g., IR, lasers, ultrasonic range finding, etc.).
For example, and in some embodiments, the system 680 can include a camera 682 that can be
used in combination with the smart device 681 to build a map 684 of the material to be
worked on. The camera 682 may be coupled or attached to any tool 699 to provide
postioning for that tool 699, In some embodiments, the camera 682 1s coupled with a display
689 and CPU 683, For example, the camera 682 may be part of a computer or smart device
681 that can be attached or coupled to any tool 699. A software application or code 685 can
be mstalled on a mobile smartphone and can vtilize the camera, CPU, memory, and display of
the smartphone. In some embodiments, one or more aspect of the software or processing
may be performed by a ficld programmable array device (“FPGA™) or a digital signal

prC‘CCSSO{‘ (“I)SI;”) )

{6677}  In some embodiments, the camera 682 can take images with a high-frame rate. For
example, the camera can scan the surface of the matenal to obtain scanned data or scanned
mmage data. In some embodiments, the camera may scan the surface of the material and a
PrOCCSSOr can process the scan to generate scanned data that indicates a map of the surface of
the material. This mayv facilitate location functions or mapping functions disclosed herein,
The camera 6382 can also take images with a relatively low-frame rate and the camera 682 can
be coupled with one or more optical sensors (2.g., sensors in optical computer mice). The
optical sensors may provide low-latency dead reckoning information. These optical sensors
may be used in conjunction with the camera 682, For example, the camera 682 may provide

accurate global position mformation a fow times a second and appreciable lag, and the optical
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sensors may be used to provide dead-reckoning mformation with low lag that fills in the time
since the last image was taken. In some embodiments, accelerometers may be used for dead-
reckoning. The system 100 may use multiple cameras to increase the accuracy or range of

coverage when scanning, or to provide depth mformation.

[6078] In some embodiments, the system 100 1s configured to build, generate or otherwise
reccive a map 684, In some embodiments, the map 684 may be built using computer vision
("CV7} or sensors techniques. For example, a CV technigue may be used to build a photo

mosaic. A photo mosaic process may include taking multiple photographs of different paris
of the same object and stitchung at least two of the photographs together to make at least one

overall image covering the entire object.

[0879] In some embodiments, the system 680 or processor may be configured {o evaluate
the scanned data using a technique that includes simultaneous localization and mapping
(“SLAM™). SLAM may mclude using a sensor that 1s communicatively coupled with a
processor 683 and related software 685 to build a map 684 of the matenial being worked on
{or “target material”} while determining (¢ 2., simultaneously) the location of the tool 699
relative to the map 684, For cxample, after butlding at least a portion of the map, a camera
682 may capture images of the matenal being worked. The images may be fed to and
processed by the smart device 681 to determine the location of the tool 699 ornig. The
system 680 may analvze the captured images based on the map 684 to determine the location
{c.g., geo location) of the camera 681 relative to the material. Upon determining the location
ot the camera 682, in some embodiments, the system 680 may dentify that the location of the
rig is a known or determinable offset from the position of the camera 682, which may be

rigidly attached to the rig.

[B888] Various embodiments may use various other location processing and determuning
technologies including, ¢.g., integrating wireless position sensing technologies, such as RF,
near field commumnication, Bluetooth, laser tracking and sensing, or other suitable methods
for determining the position of the tool 699 on top of the work piece. For example,
ultrasonic, IR range finding, or 1ascrs can be used {o detect the location of the tool relative to
a work area or surface of a material. The detected location of the tool can be provided to any
other component of the system 680 to facilitate guiding or adjusting the position of the tool

accordance with an embodiment.
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[0881] In some embodiments, the system 680 mav be configured to compute the location of
the tool 699 relative to the rig using the corrent origntations of the motor shafts. For
cxample, the system 680 may identify the orientations of the motor shafts by homing them
and then tracking one or more acts taken since the homung process. In some embodiments,
the system 680 may use 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 6380 can identify the location of the tool 699 or nig relative to the matenial being
worked on. The captured images that can be analyzed against the map 684 may include, ¢.g,
characteristics of the material such as wood graing and deformations or may include markers
placed on the material. Various aspecis of the mapping and location technology will be

described 1n more detail below.

16082]  In some embodiments, the system 680 may receive a design 686 or template. For
example, the smart device 681 may be configured to receive the design 686 or template from
a user of the systom 680, The smart device 681 may include or have access to various
input/output devices configured to receive the design 686. In some embodiments, the svstem
680 may receive the design 686 via a network. In some embodiments, the user or system 680
may modify or adjust the design 686 based on the map 684. For example, a user may adjust
the size of the design 686 relative to the map 684 of the material in order to generate a
desired working path on the material being worked on. In some embodiments, the system
680 may automatically adjust or optimize the size of the design based on the dimensions of

the material.

[3683] The network may include computer networks such as the Internet, local, metro, or
wide area networks, intranets, and other comnunication networks such as mobile telephone
networks. The network can be used to access web pages, online stores, computers or data of
a retail store that can be displaved on or used by at least one user device, system 680, or
system 100, such as, e.g., a laptop. desktop, tablet, personal digital assistants, smart phones,

ot portable computers.

10684] The system 680 may be configured to create, capture, or load designs 686 m a
plurality of ways. In some cmbodiments, designs may be downloaded or otherwise obtained.
For example, a user mayv gencrate a design on a computing device and transfer or otherwise
convey the design to the system 680, In another example, the system 680 may receive the

design from a third party entity. For example, a user may purchase a design online via a
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network and upload the design to the smart device or computer 681, In some embodiments,
the system 680 may facilitate capturing a map of the surface and also of the design 686 on
that surface. This may facilitate sctting up the system 680 to follow a specific line or to show
the user an 1mage of the surface of the material underneath a large tool that obstructs sight, or
to show the surface with a drawn plan in a pristine state before it 1s covered with debris or the
surface on which the plan is drawn 1s cut away. In some embodiments, the design 686 could
he designed, alicred, or manipulated from its original form on the device 681 through a menu
driven mterface allowing the user {o input distances, angles, and shapes or to free hand a

drawing on a touch sensitive pad or display.

[3685] In some embodiments, while a user moves the svstem or rig 680 along the target
matenial, the smart device 681 processes the captured tmages from the camera 682,
determines the location of the rig 680, or 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 may
automatically adjust the position of the tool 699 to achieve the desired working path in
accordance with the loaded design 686, The term “rig” and “svstenm” may be used
wnterchangeably as described herein. In some implementations, the rig includes the physical
device and its attachments, and the system mchudes the physical device, its attachments, and
related techunology and software code embedded or included 1n some of the physical

elements.

[B086] In some embodiments, the system 100 builds the map 684 based on images captured
by the camera along an arbitrary path of the target matenal until the entive area of interest has
been covered. For example, a user may sweep the camera 300 i an arbitrary path over the
surface of the material until the entire area of mterest has been covered. fn some
embodiments, the system 100 can be configured such that the camera 682 can be removed
from the rig 100 to sweep or pass over an area of the material. The system 100 may stitch
together the images obtained by the camera 682, For example, the system 100 may use an
tmage mosaic software code 685 1o form a cobesive map 684 of the arca of mterest of the
surface of the material. The system 100 may store the map 684 m memory 687, Upon
receiving an image taken by the camera 682 of mapped material, the system 100 can compare
the image with the map 684 held in memory 687 and may further determine a position and
orientation. For example, the system 100 may determine, based on the comparison, the

position of the tool, drill, system, cutting member, stage, or rig.
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[0887] In some embodiments, the system 680 may allow a user to create and load a design
686 after the map 684 has been asserabled. For example, after the map 684 has been
asscrubled on the smart device 581 (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 postiions on a piece of wood where a drill hole is desired. The techniques and features
of the software code 685 (include computer aided design and manufacturing} can be
emploved 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 may be displayed on a screen or
display 689 to the user, with the design plan 686 overlaid on the map 684. For example, the
system 680 can display on the display device a map image overlaid with an indication of a
position {¢.g., position of the sensor, device, cutting tool or drawing tool) relative to the
surface of the material. In some embodiments, the system 680 may identify the geo location
of the tool relative to the map. For example, the camera 682 may be attached to a dall and
used to determine the position of the drill exactly relative to target dril locations specified in

the design 686, facilitating the user to line up the drill more precisely.

[B888] In some embodiments, the system 680 1s configured to build the map and track the
camera’s position using visual features of the target material. In some embodiments, the
software 685 inciudes mstructions to build the map and track the camera’s position using
visible features of the material such as grains, imperfections, or marks. The target material
may be altered to facilitate mappmg and racking functions. For example, solid colored
plastic may be too undifferentiated for the system 680 to effectively map or track. Therefore,
a user may, ¢.g., alter the material surface in some way to add features that can be tracked. In
another example, the system 680 may instruct a marker to arbitrarily add features that can be
tracked. For example, features that may be added may include ink to the matenal that is
typically invisible, but which can be seen either in a nonvisible spectrum or in the visible
spectrum when UV or other light is applied, allowing the camera to track the pattem of the
mvisible ink while not showing any visible markings once the work is done. In some
cmbodiments. the user may 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.
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[0889] In some embodiments, the marker tape or stickers may inchude a unique sequence of
barcodes over the entire length of the tape. In some embodiments, the marker tape may be
thin such that the device may pass over the marker tape without getting stuck or disturbed. In
some embodiments, the tape may be designed and constructed such that it will stay down as
the device moves over the tape, but can also be casily taken off upon completion of the

project. Marker tape materials may inchude, for example, vinyl or any other suitablc material.

{6898} In cases where the camera cannot track the material, or cannot do 50 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 track other
markers off of the material. For example, the user may put walls above, below, or arcund the
sides of the material being worked on that bave specific foatures or marks. The features or
marks on the surrounding surfaces may enable the camera to determine ifs position on or
relative to the material. In various embodiments, different types of positioning technology or
devices may be used to locate the tool 699 or stage 690, possibly in conjunction with a
camera 682 that is used mainly for recording the visual appearance of the matenal without
needing to perform the tracking function. Positioning technology may include, ¢.g.,

ultrasonic, IR range finding, or lascrs, for example.

[0891] The system 680 can adjust the precise location of the tool 699 by adjusting the geo
location of the stage 690 or a moveable platform to which the tool 699 is attached. The stage
690 mayv be connected to an eccentric coupled to a motor shaft. As the motor shaft moves in
a circular path the eccentric moves the stage 690 i complex arcs and paths. A pivot 694 may
be connected to the stage and s alsc connected to an eccentric coupled to a second or pivot
motor shaft. The pivot 694 may be configured to pull or push the stage 690 to achicve
controlled movement of the stage within a 360 degree range. By controlling the rotation of

the eccentrics, the system 680 may position the stage in almost any XY position in the range.

[3692] In some embodiments, the system 680 uses a reference lookup table to facilitate
guiding the tool. For example, a reference lock table may include motor coordinates related
to desired stage positions. In some crbodiments, the system 680 may compute calculations
that can be used to adjust the motors that move the stage 690 and the cutting bit of the ool
699 connected to the stage 690 to the desired location. In some embodiments, the system 680

may move the tool 699 360 degrees in a two dimensional plane by positioning the stage 690
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and pivot 694, For example, the cutting mstrument of the tool can be moved anvwhere

within the 360 degree window of the target range 408.

10693]  In some embodiments, electric motors may move, position or adpust the stage 690
and pivot 694, A stage motor controller 691 may control the stage motor 210. A pivot motor
controller 695 may control the pivot motor 220, The stage motor controller 691 and pivot
motor controller 695 may receive mformation that includes the desired location or
coordinates from the smart device 681, Based on the received information, the stage motor
controller 691 and pivot motor controller may 695 activate and control their respective
motors 210, 220 to place the stage 690 and the pivot 694 m the proper or desired position,

thereby positioning the tool in the desired geo location.

[0694] In some embodiments, the smart device 681 may communicate with, receive
information from, and control the tool 699, For example, the smart device 681 may send
nstructions to power on or oft or increase or reduce speed. In some embodiments, the
instructions may signal when to engage the target material by, ¢.g., adjusting the depth of the

tool 699 when the user is close enough to or near the desired path on the material.

18098} Figure 4 provides an illustrative flow chart of an embodiment of a method 600 for
performing a task on a target material. For example, the method 600 may facilitate cutting a
working surface using a router based embodiment. In some embodiments, at act 602 the user
may find or create a design they want to cut out of a material. In some embodiments, the task
may include a plurality of tasks {¢.g., a first task and a second task that may be a subset of the
cutire task). For example, the task of cutting the design out of the material may comprise a
first task of cutting a first portion of the design and a second task of cutting a second portion
of the design. In some embodiments, the first and sccond task may be substantially similar
{c.g., same type of cutting or drawing tool), while in other embodiments the first and second
task may differ {e.g., different drill bit or drawing tool, different type of cutting tool, different

user device, different area of the matenial, etc.).

[6696] Prior to or subsequent to identifving the design plan, the user may map the surface

of the material or sheet of material. If the material bas encugh markings the user may use the
material itself. However, in act 604, i the material has a flat surface or limited markings the
user can place markers on the material. Markers may include, e.g., printer marker stickers or

other tyvpe of suitable indicia capable of being readily identified.
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{08971 In some embodiments, at act 606, a sensor may scan the material to obtain scanned
data. For example, a camera scans the matenal and the various markers to create the map.
The CPU may process the tmages capturcd by the sensor or the camera and generate the map
or scanned data. The size and shape of the map can be appropriately manipulated to a
preferred configuration. In some embodiments, at act 608, the design is registered or

otherwise related to the map to create a cutting plan.

{6898} Insome embodiments, at act 610, the cutting tool is prepared to perform the task.

For example, a user may load, adjust, or secure the bit, mount it to the rig and tumn the router
on. In some embodiments, the system may turn on the router via a software inttiated process
in response (o one of more parameters, including, e g., motion sensing of a movement of the

rig 100 in a particular direction by the user.

[6899] Insome embodiments, at act 612, the system may receive various settings. For
example, the user may set the width of the bit of the cutting tool, the range (e.g., arca) of the
tool’s desired range correction, the size of the cross-hair, or the speed of the cutting tool.

Thereafter, instructions may be provided to the sofiware to begin the task.

{08183 In some embodiments, at act 614, the rig is placed adjacent to the destred path so
that the svstem can automatically adjust the position of the tool info a starting adjustment
range position along the desired path. The user may then follow the constant speed strategy
as described herein, for example with regards to Fig. 3. In some embodiments, once the tool
has advanced fully around the plan {act 616) the user can remove the device and work

product from the material.

[66161] Figure 5 shows an illustrative flow chart of an embodiment of a method 650 for the
constant speed strategy. The process in Fig. 3 assumes the user already has the router
attached to the rig and has mapped their material and loaded up thetr design. In some
embodiments, at act 651, the user starts the process to cut the material. The process can
include moving the too! to a spot within the range of plan or path on the material {act 653).

For example, a user may move the tool or the tool may be remotely controlled.

[B8162] In some embodiments, the process includes determuning, based on the location of
the tool, whether there 15 a point on the plan within the adjustment range of the rig {act 655).

In the event that there is no point within range, the process may mchude sending a notification
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{¢.g., via the display, audio, vibration, light, or LED) and waiting until the user moves the

device withio the adjustment range {act 657},

{06103] In some embodiments, if there is 3 point within the adjustment range, the process
mcludes, at act 639, setting the point on the plan nearest to the tool as the target point. In
some embodiments, the process may include moving the tool to the target point and cuts the

material {act 6613,

130184] In some embodiments, the process includes creating a second target by determining
if a new target is within the adjust range {act 663). Ifthere 15 a second target, the process
may include sctting the second target point as the new target (act 6635). The device may
continue to move in 4 clockwise direction, cutting from the old target pomnt to the new target
point. In some embodiments, the process may inclade dentifying the next target point within
the adjustment range {act 663) while the tool or router is cutting from the old target pomnt to
the new target point. For example, the determination of an optimuim or desired second target
may be continuous, and based on the image, or vanous images, detected from the camera and

processed by the system.

[60185] If there is no target point within range, in some embodiments, the process inchides
clearing the target point {act 667) and starting at act 655 to determine whether there 15 a point
on the plan within the adjustment range. In some embodiments, this process continues until
the tool has gone throogh the all or part of the plan in a particular direction, such as a

clockwise direction.

[08186] In some embodiments, the mapping phase may be bypassed if the material size 1
greater than the design. For example, the user may determine a starting point that
corresponds with a region on the design {i.¢. the top nght comer) and the svsiem 800 may

start pamting the image.

{08187} The embodiments discussed herein so far have focused on rigs that accommeodate a
tool being attached to a stage and the stage i1s moved or controlled by one or more motors.
The lincar design depicts 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 can 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
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motors and might include a display integrated into the housing. Through such an

embodiment, the form factor might be improved to look fike a one piece tool.

{08108] The embodiments presented here are not meant to be exhaustive. Other
embodiments using the concepts described herein are possible. In addition, the components
in these embodiments may be implemented n a variety of difterent ways. For example, a
lincar 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 {0 s detected position and

its intended postiion.

16010%] By way of cxample, the svstems and methods described herein can 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 sach that the plan includes one or more target points mstead
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 drll a hole, drive in a nail, or perform other operations.

[66118] In some embodmments, the tools can facilifate performing a task without providing
automatic adjustment. For example, 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 includes 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 positicning.

{08111} In some embodiments, the present disclosure facilitates guiding or positioning a
jigsaw. A jigsaw blade may be rotated and moved in the direction of the blade, but not
moved perpendicular to the blade or it will snap. The present disclosure may include a
rotating stage that can be placed on top of the positioning stage. The jigsaw may be attached
to this rotating stage. The software may be modified to make the jigsaw follow the plan and
rotaie to the correct orientation, and made to ensure that the jigsaw was not moved
perpendicular to the blade. In some embodiments, a saber saw may take the place of the
jigsaw to achieve the same ¢ffect. The cutting implement may be stecred by rotating the
rotating stage, and the cutting implement could be moved along the direction of cutting by

moving the positioning stage.
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[08112] In some embodiments, the system may support rotation and not support translation.
For example, the system may automatically orient the blade in a scrolling jigsaw {¢.g., a
jigsaw with a blade that can be rotated independently of the body). In this embodiment, the
software may steer the blade to aim it at the correct course and the user may be responsible

for controiling its position.

[08113] In some embodiments, the system may position a scroll saw. For example, the
camera may be coupled to the scroll saw, and the user may move the matenial. The upper and
tower arms of the scroll saw may be mechanized such that they can move independently by
computer control. The user may 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. In some embodiments, the upper and lower ars could be moved to the same position,

or moved independently to make cuts that are not perpendicular to the material.

[B8114] In some embodiments, the position correcting device can be mounted to a mobile
platform. For example, the deviee may be placed on material and left to drive itsclf around.
The device can also be used in an alternative embodiment in which two mobile platforms
stretch a cutting blade or wire between them. For example, each platform may be controlied
independently, allowing the cutting line to be moved arbitranly m 3D, for example to cut

foam.

[36115] In some embodiments, the system may be coupled or otherwise attached to vehicles
or working equipment such as a dozer in which the position-correcting mechanism is
mounted on the vehicle. For example, some embodunents of the hybrd posttioning svstem
may include a vehicle comprising a first position-correcting svstem that is accurate to within
a first range and a second posttion-correcting system that is accurate to a second range that is
more precise than the first range. The vehicle may be driven over a sheet of material such as
a steel plate lving on the ground, and a cutting tool such as a plasma cutter could be used to
cut the material. In some embodiments, the present disclosure may facilitate a plotting device
or painting device, for example to lay out lines on a football ficld or mark a construction site.
The vehicle, for example, may include an industrial vehicle such as a forklift type vehicle
configured to inchude a cutier or other tool, a camera, and control circuitry described heren to
determine location of the vehicle (or the tool) on the material, identify where to cut or mark

the material, and adjust the tool to cur or mark the material in the appropriate location.
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[08116] Fig. 615 a block diagram of a computer svstem 600 in accordance with an
iustrative implementation. The computer system 600 can be used to implement system 680,
The computing system 600 includes a bus 605 or other communication component for
communicating information and a processor 610 or processing circuit coupled to the bus 605
for processing information. The computing svstem 600 can also inchude one or more
processors 610 or processing circuits coupled to the bus for processing information. The
computing svstem 600 also includes main memory 615, such as a random access memory
{RAM} or other dvnamic storage device, coupled to the bus 603 for storing information, and
instructions to be executed by the processor 610. Main memory 615 can also be used for
storing position mformation, temporary variables, or other intermediate information during
execution of instructions by the processor 610, The computing system 600 may further
include a read only memory (ROM} 1220 or other static storage device coupled to the bus
603 for storing static information and tostructions for the processor 610. A storage device
625, such as a sohd state device, magnetic disk or optical disk, is coupled to the bus 605 for

persistently storing mformation and instructions.

38117} The computing system 600 may be coupled via the bus 605 to a display 635, such as
a liguid crystal display, or active matrix display, for displaying information to a user. An
input device 630, such as a kevboard including alphanumeric and other keys, may be coupled
to the bus 605 for communicating information and command selections to the processor 610,
In angcther implementation, the input device 630 has a touch screen display 635, The input
device 630 can include a cursor control, such as a mouse, a trackball, or cursor direction keys,
for comuunicating direction information and command selections to the processor 610 and

for controlling cursor movement on the display 635,

[66118] According to various implementations, the processes described hercin can be
implemented by the computing system 600 in response to the processor 610 executing an
arrangement of instructions contained in main memory 615, Such mstructions can be read
into main memory 615 from another computer-readable mediuwm, such as the storage device
623. Execution of the arrangement of mstructions contaimed in main memory 615 causes the
computing system 600 to perform the illustrative processes described herein. One or more
processors in a multi-processing arrangement may also be emploved to execute the
mstructions contained in main memory 615, In altemative implementations, hard-wired

circuttry may be used in place of or in combination with software instructions {o effect
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tthustrative implementations. Thus, implementations are not limited o any specific

combination of hardware circuitry and software,

136119} Although an example computing system has been described 1 FIG. 6,
mmplementations of the subject matter and the functional operations described m this
specification can be implemented in other types of digital clectronic circniiry, or in computer
software, firmware, or hardware, imncluding the structures disclosed in this specification and

their structural equivalents, or in combinations of one or more of them.

[36120] Implementations of the subject matter and the operations described in this
specification can be implemented in digital electronic circuitry, or in compuier software,
firmware, or hardware, including the structures disclosed in this specification and their
structural equivalents, or in combinations of one or more of them. The sabject matter
described 1o this specification can be implemented as one or more computer programs, 1.¢.,
one or more circuits of computer program instructions, encoded on one or more computer
storage media for execution by, or to control the operation of, data processing apparatus.
Alternatively or in addition, the program mstroctions can be encoded on an artificially
generated propagated signal, ¢.g., a machime-generated electrical, optical, or electromagnetic
signal that 15 generated to encode mformation for transmission to suitable receiver apparatus
for execution by a data processing apparatus. A computer storage medium can be, or be
included m, a computer-readable storage device, a computer-readable storage substrate, a
random or serial access memory array or device, or a combination of one or more of then.
Moreover, while a computer storage medium is not a propagated signal, a computer storage
medium can be a source or destination of computer program instructions encoded in an
artificially gencrated propagated signal. The computer storage medium can also be, or be
included in, one or more scparate components or media (e.g., multiple Chs, disks, or other
storage devices). Accordingly, the computer storage medium is both tangible and non-

fransitory.

136121} The operations described in this specification can be performed by a data processing
apparatus on data stored on one or more computer-readable storage devices or received from

other sources.

{68122} The term “data processing apparatus” or “computing device” encompasses various

apparatuses, devices, and machines for processing data, imcluding by way of example a
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programmable processor, a computer, a system on a chip, or multiple ones, or combinations
of the foregoing. The apparatus can mchide special purpose logic circuitry, e.g., an FPGA
(ficld programmable gate array) or an ASIC (apphication specific infegrated cireuit). The
apparatus can also include, in addition to hardware, code that creates an execution
environment for the computer program in question, e.g., code that constitutes processor
firmware, a protocol stack, a database management system, an operating system, a cross-
platform runtime environment, a virtual machine, or a combination of one or more of them.
The apparatos and execution environment can realize various different computing model
infrastructures, such as web services, distributed computing and grid computing

infrastructures.

106123] A computer program {also known as a program, software, sofiware application,
script, or code) can be written in any form of programming language, mcluding compiled or
interpreted languages, declarative or procedural languages, and if can be deploved in any
form, including as a stand alone program or as a circuit, component, subroutine, object, or
other unit surtable for use in a computing environment. A computer program may, but need
not, correspond to a file in a file system. A program can be stored in a portion of a file that
holds other programs or data {e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program in question, or in muktiple coordinated
files {e.g., tiles that store one or more circuits, sub programs, or portions of code). A
computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a

communication network.

106124] Processors suitable for the execution of a computer program imchude, by way of
exaraple, both general and special purpose microprocessors, and any one or MOTE Processors
of any kind of digital computer. Generally, a processor will receive mstructions and data
from a read only memory or a random access memory or both. The essential elements of a
computer are a processor for performing actions in accordance with instructions and ong or
more memory devices for storing instructions and data. Generallv, a computer will also
include, or be operatively coupled to receive data from or transfer data to, or both, one or
more mass storage devices for storing data, €., magnetic, magneto optical disks, or optical
disks. However, a computer need not have such devices. Moreover, a computer can be

embedded in another device, ¢.g., a mobile telephone, a personal dignial assistant (PDA), a
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mobile audio or video player, a game console, a Global Positioning System (GPS) receiver,
or a portable storage device {.g.. a universal serial bus (USB) flash drive)}, to name justa
few. Devices suitable for storing computer program nstructions and data include all forms of
non volatile memory, media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices;
magnetic disks, e g., internal hard disks or removable disks; magneto optical disks; and CD
ROM and DVD-ROM disks. The processor and the memory can be supplemented by, or

ncorporated in, special purpose logic circuitry,

308125} To provide for mteraction with a user, implementations of the subject matter
described in this specification can be implemented on a computer having a display device,
¢.g.. a CRT {cathode ray tube} or LCD (higuid crystal display) monttor, for displaying
information to the user and a keyboard and a pointing device, ¢.g.. a mouse or a trackball, by
which the user can provide input to the compoter. Other kinds of devices can be used to
provide for interaction with a user as well; for example, feedback provided to the user can be
any torm of sensory feedback, e.g., visual fecdback, auditory fecdback, or tactile feedback;
and input from the user can be received in any form, including acoustic, speech, or tactile

mnput.

[66126] Referring to Fig. 7A, an illustrative example of an embodiment of a design plan and
marking material 702 is shown. Placing marking material 704 may facilitate mapping the
target material. For example, the target material may not contain sufficient differentiating
marks. Adding differentiating marks {e.g., stickers, ink, pencil) to the target matenal may
facilitate the systemn 680 in mapping the target material and tracking the positioning of the
cutting tool duning the cutting process. In this example, the design plan is in the shape of a
country. The marking material may be placed on the surface of the target material to
facilitate mapping the target matenial and tracking the position and adjusting the position n

accordance with the design.

{36127} Refernng to FIG. 7B, an tllustrative example of an embodiment of locating markers
706 1s shown. The locating markers 706 may be included as part of the design plan or may
refer to a type of marking material 702 used to form the design plan. The locating markers
706 may be placed on the target material and used by the system 680 to map the target

material and track a posttion of the cutting tool relative to the surface of the material.
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[06128] Locating markers 706 can be designed, constructed or configured such that they are
casy for the system 680 to detect and read {¢.g., via camera or sensor 682). For example, the
locating markers 706 may include donunoes that represent a binarized mmage. A binanzed
wmage may include an image with two values, such as an 1mage with two colors. In some
embodiments, the two colors may be selected such a first color of the two colors contrast with
a second color of the two colors. For example, the two colors may mclude white and black,
red and white, orange and blue, green and purple, etc. Dominoes-based locating markers 706
may be casy and fast to read by system 680, By using locating markers 706 with a
predetermined number of features {e.g., blobs 710}, the locating markers 706 can be read
from a binarized image contour tree fast. Further, each domino can include a number, which
facilitates tracking multiple dominoes. Further, the system 680 can casily determine a
subpixel accuracy for cach circle 710, In some embodiments, comer circles (e.g., 710) may
he present in cach of the plurality of dominoes 706. Having a comer circle 710 present in
cach of the dommoes facilitates reading the locating markers 706, and may allow the system
680 to read the locating markers at increased distances because there i1s a umform size of
features. Having uniformed sized features prevents a subset of the features from disappearing
from the binzrized image before all the features disappear. For example, if all the features
710 are the same size, then the system 680 may etther detect all the features, or detect none of

the features if the locating marker 708 15 outside a detection range.

(68129} Insome embodiments, the locating markers 706 can include a fiduciary marker 708,
A fiduciary marker may refer to a marker that can be detected by system 680 with ninimal
computation power. In some embodiments, the system 680 can detect the locating markers
700 directly from mput that is a black-and-white image (possibly as a binanzation of an

image with more data, ¢.g. grayscale or full color).

[08133] In some embodiments, the system 680 can detect locating markers 706 using a
contour tree of a binarized image. The contour tree may refer to a tree of biobs. A blob may
refer to a region of the same color. The contour may refer to or include a border of the blob
or the region of the same color. The blob may have a shape, such as a circle, square, triangle,
polyzon, oval, ellipse. rectangle. pentagon, outline, or another shape that allows the system

680 to detect a location marker.

(68131} Insome embodiments, the blobs can be organized in a tree such that cach node

the tree corresponds to a blob. Further, a node may be a child of another node 1t the child
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blob is encompassed by the parent blob. For example, n an image of the capital letter “B7,
there are four blobs: the white background, the black of the letter, and two white blobs of the
inner parts of the B. They are organized in a tree such that the letter is the child of the

background and the two mner blobs are both children of the letter.

[66132] In some embodiments, location markers may include dominoes as ithustrated in FIG.
7B. While rectangle dominoes are lhustrated m FIG. 7B, other markers with patterns or other
shaped biobs can be used. For example. rather than a rectangie marker 708, the marker may
be a polygon, circle, cllipse, square, triangle, pentagon, etc. The blobs 710 may be circles, or
other shapes. The collection or plurality of markers may be referred to as a scene 706 or
plurality of markers 706 or plarality of candidate location markers 706. A marker 708 may
be a candidate marker because the system 680 may perform mitial processing to identify the
mmage and determine whether the tmage 1s a location marker based on a threshold test or
satisfying a criteria (¢.g., whether blobs are present in predetermined locations, is there a
pattern present, or other signature that indicates that the 1mage corresponds to a location

marker 708).

106133] The location markers may include one or more rows 712 mchuding one or more
markers 708; and one or more columns 714 mcluding one or more markers 708. In some
embodiments, the plurality of location markers 706 or scene 706 may be svmmetrical {e.g., a
same number of rows and columns). In some embodiments, the plurality of location markers

706 ot scene 706 may not be symmetrical (e.g., a different number of rows and columns).

136134] Each of the dominoes 706 may include a recognizable signature in the contour tree.
For example, a domine may include 10 white blobs inside a black blob. The white biobs may
not have children blobs. The domino contiguration may include a contour tree with ten white
children that are leaves of the black background tree. Thergfore, if the system 680 detects
this configuration {¢.g., a black blob with 10 white blobs), the system 680 can take the black
blob and process it as a fiducial marker. This additional processing may end up rejecting the
domino as a marker, or accepting the domino as a location marker. This possibility extends
to any recognizable signature in the contour tree, which may involve a variable number of
children blobs, as long as it is distinctive enough that just from the contours one can have a
good probability that it is a marker and spend additional computational resources fo study it

closer.
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[08135] Thus, the system 680 can be configured to perform an initial assessment of a
detected image using an initial image processing techunique. During the mitial processing
technique, the system 680 identifics a contour tree to determing if the contour tree matches or
satisfies an initial screening. For example, 1t the system 680 detects a black blob and 10
white blobs (e.g., as shown in domime 708), the system 680 may determine that the image
may include a location marker, and forward the image for further processing. By performing
an inttial assessment, the system 680 can prescreen tmages and select a subset of the tmages
for further, more computationally intensive processing. Thus, the system 680 can increase
efficiencies and reduce the amount computational resources used to determine the location of

a tool relative to a working surface.

106136] In some embodiments, the marker that can be detected extremely quickly by
binarizing an input image, computing the contour / blob tree, or looking for a known
signature. In some embodiments, the location marker may encode data mto each fiducial
{c.g., 708) and be easy 1o detect. For example, the fiducial marker 708 may ¢ncode a
number, which allows the system 680 to keep track of {(manage, maintain, identify, or
determine) multiple fiducials present in a scene (¢.g., a scene may refer 1o location markers
706). The number of the fiducial 708 may be unigue in the scene 706, or may not be unigue
in the scene 706. In some embodiments, marker such as each of the dominoes 708 includes a

pattern of white blobs that cneodes a nwmber in binary.

[B8137] In some embodiments, a marker 708 may include blobs (c.g., 710) that arc
posttioned 1n a predetermined location. A marker 708 may include blobs in each of the four
corners, allowing the system 680 to determine not just the presence of the fiducial marker 708
but a layout for it (such as the position and orientation of a marker relative to the camera 682.
Including blobs m predetermined positions may mprove the ability of system 680 to decode
a message encoded in the marker itself. For exampile, if the blobs are arranged in a gnd,
recognizing the comers provides a layout of the grid and allows the system 680 to map cach
grid square to a | or O for a blob being present or absent. In some embodiments, the svstem
680 mav use the blobs in the predetermined location of the marker to detect the layout of the
donuno or marker 708, but then parse some encoded data in another way, which may or may

not be encoded in the binanzed image / contour tree.

[08138] In some embodiments, the marker 708 may mchide biobs that are shapes that can

then be resolved with subpixe] accuracy by referring back to the full-color {or grayscale)
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mmage. For example, the system 680 may identify the blobs as circles (or preconfigured to
identify the blobs as circles). The system 680 can determine the bounding box of each blob
in the binarized tmage. The systom 680 can then use the corresponding grayvscale pixels in
the grayscale image to fit an eliipse {circle viewed m perspective) to the pixels, giving a
subpixel accuracy. The system 680 mayv more accurately detect the position and orientation
of the fiducial 708 relative to the camera by using this subpixel-accurate detections of the
blobs. This position and orientation can then be fed forward in the system 680 for further

processing, such as localization of the camera m 3D space.

{30138} Reterring now to FIGs. 8A-8B, systems, methods, and apparatus for directing and
extracting dust is shown. Dust extraction may refer to the evacuation of particles of material
that have been removed from a bulk workpiece {surface of a matenal, work surface) during a
machining process such as milling, routing, sanding, ctc. In the domain of woodworking, the
dust may be saw dust. Effectively extracting dust facilitates maintaining a clean working
environment, safe air for breathing that is free of dust, and provents a buildup of dust in the
vicinity of the tool that can otherwise trapede s cuiting action and also result in the
generation of excessive heat. Additionally the accumulation of wood dust can create an
explosion risk. Further, for automatically guided tools (such as system 680} that utilize an
optical method for localization {¢.g., camera 682}, dust can interfere with the tool’s ability 1o
determine a location of the tool relative to the surface of the material. Systems, methods and
apparatus of the present disclosure efficiently evacuating dust from the working area of a
tool. In some embodiments, dust can be routed away from the working arca in a controlied

direciion 1 the absence of a vacuum source.

106146] FIG. 8A iHustrates a tool 800 configured to direct and evacuate dust i accordance
with an embodiment. The tool 800 includes a rotating cutter 1 {or tool tip, or cutting
member, or working member) that shears material 2 as the rotating cutter 1 moves axially,
laterally, or a combination thereof through the material 2. The tool 800 includes a tool frame
3. The tool frame 3 may mmchude a cavity formed of a void in the tool frame 3. The cavity 3
may be further formed by a space 4 where portions of working material 2 have been removed
or cut away. A cutting member or rouier bit or tip of the tool can extend throogh cavity 3.
The cavity 3 can form one or more channels or a portion of a channel. The channel directs air

flow 6. Channels are further illustrated i FIGs. 9A-9B. The tool can include a camera 10,
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which can include one or more functionality of camera 682, The camera 10 can inclade or be

referred to as a sensor, such as an tmage sensor, infrared sensor, or laser sensor.

106141 In some embodiments, the rotational motive power for the rotating cutter 1 may be
generated by a router 5 or spindie 5 {¢.g., a woodworking trim router, or metal cutting tool, or
plastic cutting tool, etc.) that includes an mtegral fan 802, The fan 802 may be a separate fan
that 18 integrated tnto the spindle 5, or the fan 802 may refer to an airflow that is gencrated as
a by-product of the spindle 3 rotating the cutting tocl 1. In some embodiments, the fan 802
may be extermnal to the tool, such as extemal to the spindle 5. The tan 802 can include one or
more vanes or blades in an arrangement that, when rotated, generates airflow. This fan 802
can generate a downward airflow 6 that drives dust cut of the collection cavity formed by the
tool frame 3 and space 4 and along channels in the tool’s base plate 7. These channels direct
dust towards the front of the tool 8, which keeps dust from accumulating to the rear of the
tool 9 where an optical locating system 10 {¢.g., camera 6823 may be aimed. In some
embodiments, the front 8 of the tool 800 may refer to a portion of the tool that faces away
from the direction the tool is cutting or a portion of the tool closer to the user of the tool. fn
some cmbodiments, the rear 9 of the tool 300 may refer to a portion of the tool that faces the
direction the tool s cutting or a portion of the tool further away from the user of the tool. In
some embodiments, the rear 9 of the tool refers to the portion of the tool 800 where a camera
1015 aimed. The tool 800 can mchude a vacuum port 11 that opens into one of the channels

formed by voids 3 and 4 that receives air flow 6.

[68142] FIG. 8B illustrates an embodiment of a tool 801 similar to tool 800 that includes a
vacuum source 12 attached to the vacuom port 11, The vacuum source 12 biases airflow
towards the vacuum source 13, This can extract through the connected channel formed by
voids 3 and 4 m base plate 7 and into the vacuum source 12, In this configuration, dust may
be efficiently removed from the tool without entering the surrounding environment {(e.g., rear

of tool 9).

166143} The channel formed by cavities 3 and 4 allow the airflow 6 generated by the fan 802
of the tool spindle 5 and the airflow generated by the vacuum source 12 to actalong a
common path to remove dust. This provides for efficient dust extraction system as the
vacuum source 12 1a not fighting agamst the airflow generated by the mtegrated spindle fan

802.
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[06144] FIG. 9A iHlustrates a top-down perspective view of an apparatus 900 for directing
and extracting dust. The apparatas 900 may be coupled to, be part of, or be formed of one or
more component of systers or apparatus 800 or 801, In some embodiments, apparatus 900
includes the base plate 7 of the tool 800. The baseplate 7 includes channels 904a-b formed
by the void or cavity 3 in the base plate 7. A portion of the base plate 7 faces or rests on or is
opposiic the material 2. The fan 802 generates air flow 6 that flows downward towards the
material 2. The vacuum source 12 generates airflow 13 towards the vacuum source 12 and
vacuum port 11, The direction of airflow 6 as going towards the material 2 1s illustrated by
an X, while the airflow 13 shown going towards the vacuum port 11 is dllustrated by a dot in

a circle.

160145} In some embodiments, the channels 904a-b formed in basc plate 7 arc V-shaped. In
some embodiments, there may be two channels 904a and 904b that extend from the cavity 3.
In some embodiments, there may be one channel {¢.g., just channel 904a). In some
cmbodiments, there may be a plurality of channels {¢.g., two or more channels). One of the
plurality of channels may include a vacuum port 11 coupled to a vacuum source 12, The
channels 904a and 904b may form a U shape. The channels 804 may include a third channel

that extends perpendicular to channels 904a and 904b via the cavity 3.

[08146] The channels 904a and 904b may form an angle 906. The angle 806 may range
from 1 degree to 180 degrees. In some embodiments, the angle 906 may be 90 degrees, 45
degrees, 60 degrees, 120 degrees, etc. The angle 906 may be selected such that dust from
material 2 18 effectively directed away from the rear 9 of the tool and towards the front 8 of

the tool via channel 904a-b and air flow 6 and 13.

{68147} The channels 904a-b may include a channel depth. The channel depth may be the
same for channel 904a and channel 904b, or may be different among the different channels.
The channel depth may be greater than zero. The channel depth may be a value that ranges
from 0.02 inches to 2 inches. The depth may be less or greater based on the type of tool or
type of material being cut. For example, a size of particles being directed or extracted may
determine a channel depth (¢ g., shallower channel depth for smaller particles, and deeper

channels for bigger particles).

[B8148] In some embodiments, a first component of the air flow 6 and 13 generated from fan

802 may be greater than a second component of the atr flow 6 and 13 generated from vacuum
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sovree 12, In some embodiments, a first component of the air flow 6 and 13 generated from
fan 802 may be less than or equal to a second component of the air flow 6 and 13 generated

from vacuum source 12,

160145] In some embodiments, the air flow gencrated from vacuum source 12 may be
determined such that the air flow holds the tool 800 (or apparatus 900) to the material 2. This
may increase the friction between the portion of the tool touching the material, which may

increase stability while cutting or performing the task on the material 2.

10613¢] FIG. 9B ilustrates an apparatus 902 for directing or extracting dust away from a
rear 9 of a tool. FIG. 9B illustrates a top-down perspective view of the apparatus 902 or base
plate 7 mmcluding channels 904a-b. The apparatus 902 mayv be similar to or include one or
more component of apparatus 900. In some embodiments, the apparatus 902 includes a
vacuum port 11, but is not coupled to a vacuum source {¢.g., as shown in apparatus 900).
While the apparatus 902 may not be coupled to a vacuum source at vacuum port 11, the
apparatus 902 may still direct and extract dust via channels 804 and air flow 6 generated by a

fan {c.g., fan 802}

{60181} The vacwumm port 11 may be positioned anywhere along channel 904a or channel
904b. In some embodiments, the vacuum port 11 may be positioned closer to an edge or
comer of the base plate 900 relative to the cavity 3. The distance 908 between the vacuum
port 11 and edge of the base plate 02 may be greater than zero. The distance 910 between
the vacuum port 11 and the cavity 3 may be greater than zero. The distance 910 may be
different from distance 908. The distance 910 may be greater than distance 908, The
distance 910 mav be a multiple of the distance of 908, The distances 908 and 910 may be
determined such that dust can be effectively and efficiently directed and extracted away from

rear 9 of tool.

106132] FIG. oC idllustrates a bottom perspective view of base plate 910, Base plate 910 may
correspond to base plate 7. Base plate 910 includes chaonels 912a-b, which mav correspond
to channels 904a-b. The base plate 910 mmcludes a cavity 916 that may correspond o cavity
3. The base plate 910 includes a vacuum port 914 in channel 912, which may correspond to

vacuum port 11, The vacuum port 914 may or may not be connected to a vacuum source.

[66133] The base plate 910 can be made of anv material that facilitates operation of the

system 680 or tool 800, The material may be metal, plastic, an allov, or other material that
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provides adequate structural sapport for the tool 800 and friction to allow the tool to glide on

the surface while providing some stability.

106134] FIG. 9D is a top down perspective view of base plate 920, which may correspond to
an embodiment of the basc plate 902 of FIB. 9B. The base plate 920 includes a cavity 922
through which the cutting member or tip of the tool may extend. The base plate 920 may

include a vacuum port 924,

[36155] The base plate 920 may nclude channels on the bottom of the base plate 920 (e.g.,
the portion or side of the base plate opposite the material on which a task s o be performed).
The base plate 920 may include additional openings or cavities or grooves for one or more

screws, or coupling mechanisms used to couple the base plate 920 to a tool, such as tool 300,

[B0156] Referring to FIG. 10A, a svstem, method and apparatus for determining a position
of a tool tip relative to a work surface or material is shown. The system, method and
apparatus can calibrate position detection for the tool. In some embodiments, system 680 can
he configured, designed or constructed to determine the position of the tool tip relative to the
work surface. The svstem 1000 (or tool 1000) can move, position, or control motion of a tool
tip 24 1 one or more directions {(e.g., FIG. 10B shows the tool tip 24 touching the surface of
the material 2). The control may be manually or automatically motivated. In some
embodiments, the tool 1000 may melude or be configured with automatic control of the
height of a rotating cutter 24 relative to the surface of a workpiece or matenal 2. The system
1000 can include one or more function or component of the system or apparatus of FiGs. 1-9

and 11A-11B.

[B8157] The system 1000 {or tool 1000} can calibrate position detection for the tocl. The
gystern 1000 can include a base 18 coupled to the tool 1000. The base 18 can be in contact
with g working surface 2. In some cases, the base 18 can include a pad 22. For example, the
base 18 can include a pad 22 such that the base 18 is in contact with the working surface 2 via
the pad 22. Thus, and 1 some cmbodiments, the base 18 can refer to the base 18 and the pad
22. In some embodiments, the base 18 may not be in contact with the working surface. The
base 18 can be i contact with the sensors 23 that are in contact with the pad 22, and the pad

22 can be in contact with the working surface or workpiece or material 2.

{38138] The system 1000 can include one or more computing device having one or more

processors. In some cases, the svstem 1000 can include the one or more computing devices
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remote from the tool. For example, the tool can include a wireless or wired communication
interface that can transnut and receive data or controd nformation from one or more

computing devices that are remote from the tool.

[66139] The system 1000 can include one or more sensors 23 communicatively coupled to
the computing device. The svstem 1000 can include a motor 19 controlled by the computing
device o extend and retract the tool tip 24 towards and away from working surface 2. The
motor 19 can control or include or refer to one or more components of the system 1000
configured to extend or retract the tool tip 24, including, for example, a moveable carriage

15.

160166] The system 1000 can identity, via the one or more sensors 23, a first value of a
parameter indicative of an amount of force exerted by a portion of the base on the working
surface. For example, the sensor 23 can include a force sensor 23. The system 1660 can
determine the first value as a first force valuce that indicates a default or mitial force exerted
by the base 23 on the matenial 2. This may ndicate a weight of the tool. The force can be
measured or determined in Newtons or pounds. The sensor 23 can repeatedly detect or

measure the value of the parameter based on a time mterval {e.g., every .1 second, 3 second,

1 second, 2 seconds, 3 seconds, 5 seconds, or some other time interval). The sensor 23 can
compare a first value or first measurement with a second or subsequent measurement. The
sensor 23 can repeatedly compare a measurement with a subsequent measurement until the
sensor detects a change or difference (¢.g., by 5%, 1%, 2%, 3%, or an absolute change such
as TN, 03N, 25N, 1N, 03N, or 2N} between measurements. The difference can referio a
difference by a predetermined threshold. The threshold can be fixed or dynamic. The

threshold can be based on a resolution of the sensor 23,

[08161] The system 1000 can mstruct the motor 19 to instruct the motor to extend the
working member or tip 24 towards the working surface 2. The svstem 1000 can then
wdentify, via the sensor 23 upon the working member 24 contacting the working surface 2, a
second value of the parameter. This second value can be a second force value. The second
force value can be fess than the first force value determined by the sensor 23 when the tool tip
24 was not in contact with the working surface. In some cases, there may be multiple sensors
23 and each sensor can determine a first force value and a second force value. In some cases,
a first sensor can determine a first force value that s different from a first force value

detected by a second sensor. The first values can refer to when the tool tip is not in contact
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with the material 2. The first and second sensors may dentify different first values because
dug to the center of gravity of the tool not located evenly in between the first and second
sensors. Thus, when the tool tip 24 contacts the material 2, a second foree value detected by
the first sensor may be different from a second force value detected by the second sensor.

For example, when the tool tip 24 contacts the matenial 2, the base 18 of the tool may tilt in
an angle {e.g., 1 degrec, 2 degree, 5 degree, or 10 degrees). The tilting of the base 18 may
cause the first sensor 22 to measure a second force value that is less than the first force value
measured by the first sensor 22, while the second sensor 22 can measure a second force value

that is greater than the first foree value measured by the second sensor.

166162] The svstem 1000 (or computing device) can identify the first value of the parameter
based on a portion of the base 18 of the tool i contact with the working surface 2. The
system 1000 can identify, via the sensor 23, the second value of the parameter based on the
portion of the base of the tool not in contact (¢.g., partially in contact or exerting less force on
the surface than previously being exerted) with the working surface responsive to the motor
19 causing the working member 24 to contact the working surface 2. For example, not in
contact may refer to or include less force being exerted by the portion of the base 18, In
some cases, the system 1000 can instruct the motor 19 to contact the working surface 2 to tilt
at least a portion the base 18, Tilting the base 18 can refer to distributing the force exerted by
the base 18 such that a first portion of the basc 18 oxerts greater force on the matenal 2 than a
second portion of the base 18. Tilting the base 18 can refer to changing the distribution of
force exerted by the portions of the base 18. The system 100 can determine the z-axis
posttion of the working member 24 relative to the working surface 2 responsive to the
working member 24 tilting the base 18 of the tool responsive to the working member 24

contacting the working surface 2.

[66163] The system 1000 can compare the first value of the parameter with the second value
of the parameter to generate a difference between the first value and the second value. The
system 1000 can determine an absolute difference {¢.g., a difference of an amount of force},
or simpiy determine that there is a difference i that the two values are not equal to each
other. The system 1000 can determine that if the first and second values for a particular
sensor 22 are not equal, then it is due to the tool tip 24 contacting the material 24 and offset

or distributing the force exerted by the base 18 onto the material 2. The system 1000 can
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determine the z-axis position responsive to the first force value being greater than the second

force value because less force may be exerted by the base 18 onto the material 2.

[08164] Responsive to detecting thus difference, the system 1000 can determine that the tool
tip 24 has contacted the material, and use this information o determine a z-axis position of
the working member relative to the working surface. For example, the system 1000 can
determine that this is the baseline or default position for the tool tip 24. The system 1000 can
calibrate the position of the tool tip 24 such that this is a zero position. As the system 1000
retracts the tool tip 24 away from the matenal, the system 1000 can monitor or track the
distance of the tool tip 24 from the calibrated zero position corresponding to the surface of
the material 2. For example, the svstem 1000 can control or instruct the motor 19 to retract or
move the tool tip 24 a distance {e.g., 1 millimeter, 5 millimeters, | centimeters, 5 contimeters,
or 10 centimeters) away from the calibrated zero position which may correspond to the
surface of the material. The system 1000 can, i some cases, mstruct or control the motor 19
to insert the tool tip 24 a distance into the material 2. For example, the system 1600 can
nstruct or control the motor 19 to insert the tool tip 24 one centimeter beyond the calibrated
zero position, which may nsert the tool tip 24 one centimeter into the matenial 2. For
example, the system 1000 can make a one centimeter hole in the material using the calibrated

Zer position.

[88165] The system 1000 can mstruct the motor 19 to retract the working member 24 1n
contact with the working surface 2 away from the working surface 2. The systern 1000 {(or
sensor 23 thercof) can wWdentify when the working member 24 13 not in contact with the
working surface by measuring a third value of the parameter. The third value of the
parameter may be greater than the second value of the parameter because the tool tip 24 is no
longer offsctting the force exerted by the base 18 onto the material 2 (¢ g., via sensor 23 or
pad 22). The third value of the parameter may be cqual to {¢.g., substantially equal within
1%, 2%, 5%, or 109%) the first value of the parameter when the tool tip 24 was also not in
contact with the material 2. The system 1000 can determine a second z-axis position of the
working member relative to the workimg surface responsive to a second difference between
the first value and the third value less than a threshold (e g, the difference is less than a

%, or 10%; or a force

percentage of the first value or the third value such as 1%, 2%, 3%, 5
value such as 1 Newton, 0.5 Newton's, .01 Newton’s, 2 Newton's, § Newton’s, or 10

Newton’s).

46



WO 2016/183390 PCT/US2016/032224

[08166] Thus, to facilitate controlling the height of the rotating cotter 24, the tool may
determine a reference or “zere” point so that the tool 1060 (o g, via cutting member 24) can
be positioned to remove an anmount of matenial 2. For example, the tool 1000 may plunge a
rotating cutter 24 a specified depth into a workpicee 2 before being moved laterally to create
a groove., The tool may use a method to precisely determine the position of the tool tip
relative to the work surface. In some embodiments, the tood 1000 uses low cost sensors 23,
such as force sensors, that detect a delta or change in the force exerted by a portion of the tool
1000 on the material 2. In some cases, the sensors 23 can include capacitive sensors, photo-
clectric sensors, electromagnetic sensors, load sensors, strain gauge load cells, piezoclectric

crystals, hydraulic load cells, or ppeumatic load cells.

108167] Asthe tip 24 moves towards the material 2 and touches the material 2, the force
exerted by the base 18 may be reduced because the foree is being offloaded to the tip of the
tool 24, Detecting this change in force may indicate that the tip of the tool is touching the
surface of material 2 and allow the tool to configure or set or initialize this position as a zers
posttion. This may be useful for handbeld power tools including automatically guided tools,

and may also be applied to fully automatic machine tools.

[60168] In some embodiments, the tool 1000 includes a router it | mounted in the spindle
14 of a router 5 (e.g., woodworking trim router). The router 5 may be secured in a movable
carriage 15 that slides on a guide rail 16. The guide rail 16 may be mounted to a structural
coloom 17, The structural colunmn 17 may be fixed to a base 18 of the tool 1000, A motor 19
may be fixed to the base 18 of the too] 1000 to rotate a leadscrew 20. The leadscrew 20 may
pass through a nut 21 on the movable carriage 15, The leadscrew 20 may include square
threads, acme threads, or butiress threads. When the motor 19 rotates, the movable carriage

15 transiates in proportion to the pitch of the leadscrew 20,

(68169} In some embodiments, the movable carriage 15 may be mounted to a moving stage
which is constrained in the Z direction by the frame. In some embodiments, the 2 column or
guide rail 16 may be mounted 10 a moving XY stage which is constrained in the Z direction
by a frame of the device 1000, For example, the tool or device 1000 can inchide arig or
frame with a stage that may be positioned on the surface of a piece of material such as wood.
The tool can be electncally or mechanically coupled to the frame, and the frame together with
the tool can be passed over the material. The tool can move (or provide instructions for a

user to move) the frame, stage, ortool to a desired XY or Z coordinate on the material. For
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example, the tool may include one or more components (e.g., nig, tool, stage, ete.) of the
system described in U.S. Patent Application Publication No. 2015/0094836. The U.S. Patent
Application Publication No. 2015/0094836 1s hereby incorporated by reference herein in its

enfirety.

160178} In some embodiments, the tool 1000 may use one or more other configurations or
techniques to move the tip 24 of a tool 1000 relative to the work surface. Other
configurations may include a power screw, translation screw, ball screws, roller screws, fhud
power, tear trains, worm drives, rack-and-pinion drives, clectromagnetic actuation,
piezoelectric actuation, hydraulic Lifts, electrical lifts, rotary 1ft, pneumatic ift, mechanic

lifts, levers, gears, stc.

[08171] The base 1R of the tool (or device) 1000 may be separated from the work surface 2
by a pad 22 on which the device 1000 rests. [n some embodiments, one or more force
sensors 23 may be positioned between the pad 22 and the base 18 of the device 1000, The
gravitational force generated by the weight of the device 1800 partially or fully passes
through the one or more force sensors 23 when the device 1000 is resting on the work surface

o]
Lo,

{68172} To locate the tp 24 of the cutting tool 1000, the system or device 1000 may move
the carriage 15 closer to the work surface 2, which moves the tip 24 towards the work
surface. As this motion 1s performed, the force passing through the force sensors 23 may be
measured {8.g., measured responsive to a motion, measured pertodically, measured based on
a time interval such as every millisecond, 10 mulliseconds, 1 second, etc.). Once the tip 24 of
the cutting tool makes countact with the work surface 2, additional motion resulis m a fraction
of the weight of the device 1000 to be transferred to the work surface 7 through the tool tip
24, and the force passing through the sensors 23 is correspondingly reduced. The system
detects the change 1n force on the one or more sensors 23 and the motion of the carriage may
be stopped. The position of the carriage 15 15 recorded and may correspond to the point at
which the tool tip is positioned at the surface of the work. Because the tool tip and the work
surface may be stff, a detectable transfer of weight occurs over very small distances and the
crror of this method may correspond to fess than 0.00057 using a %47 carbide routing biton a

birch plywood surface.
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[08173] The system 1000 can repeatedly extend and retract the tool tip 24 towards and
aware from the material 2 or a surface (e.g., desk, bench, floor, or other support strocture)
supporting the material 2. The system 1000 can repeatedly extend and retract the tool tip 24

to generate or create a 3-dimensional map of the matenal 2.

[66174] In some cases, the systern 1000 can extend the tool tip 24 adjacent to an edge of the
material 2. The system 1000 can extend the tool tip 24 adjacent to the edge of the material 2
until the tool tip 24 contacts a surface supporting the material 2. The system 1000 can
determine a thickness of the material by determining the distance bevond the surface of
matenal 2 the tool tip 24 extends in order to contact the surface supporting the material 2.
The system can determining these positions using the force sensors 23 to detect when the tool
tip 24 contacts the matenal 2 or the surface supporting the material. For example, the system
1000 (or motor 19) can extend the working member 24 towards a surface supporting the
working surface. A part of the base 18 of the tool can be tn contact with the working surface
2, while a part of the base 18 of the too! may be off the material 2. Or, in some cases, the
base 18 may be in contact with the matenial 2, and the matenial can be shaped or configured
such that the tool tip 24 when extended may contact the surtace supporting the material 2 as
opposed to the surface; or the tool tip 24 may extend through a hole in the material 2 to
contact the surface supporting the material 2. The system 1000 {e.g., via sensor 23} can
detect the working mermber 24 contacting the surface supporting the working surface. For
example, the system 1000 can detect a third value of the parameter (¢ 2., force}, and
determine a thickness of the working surface 2 responsive to a second difference between the
first value and the third value greater than a threshold (e g, the difference can be greater than
1%, 2%, 5%, 10%, of one of the first value or third value; or the difference can be greater
than a force value such as 1 Newton, 0.3 Newton's, 0.01 Newton’s, Z Newton's, 5 Newton's,

or 10 Newton’'s) .

[08175] The system 1000 can determine multiple location points based on the working
member 24 of the tool contacting the working surface. For example, the system 1000 can
repeatedly extend and retract the working member of the 24 to contact the matenal 2 and
move the working member 24 away from the surface. The system 1000 can record
information cach time the tool tip 24 contacts the material 2 {or does not contact the material
2). For example, the system 100 can record or identify location points. Each location point

can have an x-axis coordinate, a y-axis coordinate, and a z-axis coordinate. The x-v
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coordinates can be determined using markers on the surface of the material and may be
relative to a surface of the material or position on the sarface of the material. The x-y
coordinates can be determined using fiducial markers on the surface of the material, imaging
techniques, or visual technigues. For example, a second sensor of the tool {e.g., a visual
sensor or camera) can determine the x-axis coordinate and the y-axis coordinate of each of
the location points using a fiducial marker placed on the working sarface. The system can
determine the z-coordinate {or depth) by extending the tool tip 24 until the tip 24 contacts the
surface, and measuring the depth relative to a caltbrated zero position. The calibrated zero
position can be a position on the surface of the material. The system 1000 can generate a

three dimensional map of the working surface 7 using the location pomts,

108176] The system 1000 can measure the geometry of the work surface 2 by correlating the
tool tip 24 position with device {¢.g., tool 1000) position on the plane of the work surface 2.
To do so, the tool tip 24 {(e.g., a cylindrical tool with a conical or spherical tip) can first be
related to the reference frame of the tocl 100 by detecting the position of the tool tip 24,
Once the position of the tool tip 24 is known relative to the tool’s reference frame, the tool
can be positioned laterally over a surface of interest {e.g., working surface 2) to determine the
vertical position of the working surface. The vertical position of the working surface can
refer to a surface of the material of the working surface. In some cases, the vertical position
can indicate a recess, cavity, indent, or concave portion in a piece of wood whose depth s of
interest. In some cases, the vertical posttion can indicate a raised portion, bump, protrusion,
or convex portion in a piece of wood whose depth is of interest. The tool tip can then be
nserted, extended, lowered, plunged otherwise moved until the tool tip contacts the surface
ot the portion of the matenal {e.g., recess or protrusion}. The additional displacement of the
tool tip beyond the top portion of the surface where the tool tip first contacted the work
surface can indicate the depth of the recess. Similarly, the reduction in displacement of the
tool tip above the portion of the surface where the tool tip first contacted the work surface can
mdicate a height of the protrusion. {fthe surtace profile of the recess was of interest, the tool
might be moved around the recess to multiple points. The tool can determine, at each of the
mulitiple points, the depth. The tool can record both the depth and lateral position of the tool
{c.g.. x, v, and z coordinates, where x and v coordimates can refer to the lateral position and
the z coordmate can refer to the depth). The lateral motion could be accomplished
automatically using a built-in positioning stage, or performed manually by the user, ora

combination of both.
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[08177] The system 1000 can identify or determune a center position of a hole on a work
surface 2. For example, atool 1 with a conical tip 24 can be fitted mto the system. The tool
1 can then be positioned approxunately (e.g., within 5%, 10%, 153%, 20%, 23%, 30%, 50%,
75%, or 90% of the diameter of the hole ) over the center of the hole, and plunged until the
tip 24 contacts the circle of the hole. Because the tool tip 24 can be conical, the tool tip 24
can cause the tool to conter over the hole. The tool can then determine the lateral position
{c.g.. x and v coordinates) using, for example, a vision svstem with a camera 10 to ascertain

the position of the hole.

[B8178] The svstem 1000 can mclude or communicate with a computing device, processor
or microprocessor {such as a processor of system 680). The computing device can include
the one or more process of system 680, The system 1000 can use the computing device to
control the motion of the positioning motor and also to measure the force passing through the
ong or more force sensors 23. Sensors 23 may mchude, e g, force-sensitive resistors,
piezoelectric sensors, strain gages, load pins, shear beams, tension links, magnetic level
gauge, torque sensor, load cells, hvdraulic load cclis, pncumatic load cells, clastic devices,

magneto~-clastic devices, plastic deformation, foil strain gauges, etc.

[66179] In some embodiments, the tool can detect the tilt using a camera, visual information,
gyroscope, or 3-axis accelerometer. The tool can include a camera 10 {also illustrated in FIG.
8A)}, or other sensor. Camera 10 can include one or more component or functionality of
camera 682, The camera 10 can determing a shift in a captured image corresponding to a tilt
resufting from the base lifting. The camera 10 can take a first picture or image before the tool
brings the tool tip 24 into contact with the working surface 2, and then take a second image
when the tool tip contacts the working surface. The camera 10 can repeatedly take images
based on a time interval (e.g., every 1 second, 2 seconds, 3 seconds, .5 seconds, or 5 seconds)
and compare a first image with a subsequent image to identifv a tilt. The camera 10 can take
a burst of images and then compare the images with one another to detect when the tool tip
contacted the surface to cause the tilt. In some cases, each image in the burst of images can
be associated with a time stamp. Each of the images can further be associated with, tagged
with, or otherwise correspond to a position of the tool tip. The system can determine which
image of the burst of images first indicates a tilt (¢.g., an object in the image taken by camera
10 may appear closer when the tool 1000 is tilted towards the rear of the tool when the tool

tip comes into contact with the material 23, In some cases, the system 1000 can determine a

51



WO 2016/183390 PCT/US2016/032224

difference or misalignment in pixels between a first image and a subsequent image.
Responsive to detecting the misalignment in the pixels, the svstem 10006 can determine that
the tool tip contacted the material 2 at the timestamp corresponding to the subsequent or
second image having the misaligned pixels relative to a first image or previous image. The
camera can compare the first image with the second image to wentify a tilf or variation

between the two images.

[68180¢] The sensor 10 can include an tmage sensor or camera. The parameter can nclude a
pixel. The pixel can have a location in the image. The system 1000 can capture {e.g., via the
tmage sensor) a first image comprising a pixel with a first value {e.g., binary value, 256-bit
value, red, green blue value, grayscale value, brightness value, or numerical value}. The
system 1000 can capture a second image comprising a second value of the pixel. The second
value can be for the same pixel as the first value. The pixel can be a location in the image.
The system 1000 can comparing the first image comprising the first value with the second
tmage comprising the second value to identify the difference between the first value and the
second value. The system can compare one or more pixels in the first image with onc or
more pixels n the second image to detect a difference. The system can compare the two
captured images to determine that they are misaligned. The images may be misaligned due to
the base being tilted in an angle, which may cause the camera to capture the second image at
a different angle or from a different perspective as compared to the first image. Thus, the
system can aftribute the misalignment to the tool tip 24 contacting the surface of the working

material and tilting the base.

166181} The tool can determine the proximity of the tool tip 24 to the working surface 2
using a capacitive sensor 10 or an clectromagnetic sensor 10, For example. the
clectromagnetic sensor 10 can sense or detect a change in inductance of a sensing coil in
proximity to the tool tip 24 or working member 24 that includes metal by sensing eddy

currents induced in the metal.

[36182] In some cases, the tool 1000 can include an accelerometer. For example, sensor 23
or sensor 10 can mchude an accelerometer, such as a 3-axis accelerometer or gvioscope. The
accelerometer can indicate the tilt responsive to a motion or sudden motion caused by the
base lifting. For example, the accelerometer can determine a first value indicating the
acceleration of the base of the tool when the tool tip is not m contact with the surface. The

first vahue can be zero, for exaraple. because the base may be resting on the working surface.
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The accelerometer can determine the second value when the tool tip touches or contacts the
surface. The second value or second acceleration value can indicate an acceleration of the
base, an impact, a movement, a force or other displacement of the base caused by the tool tip
contacting the working surface and moving the base that 1s mechanically connected to the
tool tip. The computing device can compare the first value with the second value to idennfy
the acceleration of the base of the tool based on the working member contacting the working
surface. In some cases, the computing device can determine that the first value and the
second value are not equal or substantially equal (e.g., within 1%, 2%, or 5%), and determing

the tool tip contacted the working surface based on there being a difference 1 acceleration.

166183} The tool can determine or detect additional information about the tool inchuding tip
or working member position, diameter, or tool geometry. Determining the geometry of the
tool can mclude or refer to determining the diameter of the cutting tool. The tool geometry
information can be used to automatically determine a length of a cutting flute of the working
member and an angle of the cutter {e.g. a ¥V carving bit or helix angle). For example, the tool
can include cameras 10 or a break-beam sensor 10 {e.g. laser break beam sensor, infrared
break beam sensor, photoelectric sensor, or optical sensor) proximate to the tool tip 24. The
working member 24 can be dropped into the line of action of the sensors 10 and the tool can
detect the position of the working member 24 when the working member 24 breaks the beam
formed by sensors 10. In some cases, the axis of the beam can be pre-calibrated relative to

the coordinate frame of the tool.

[B8184] In some cases, the system can mnclude one or more vision cameras 10 aimed at the
tool tip 24 or tool member 1 to detenmine the position of the working member 1 or tool tip 24.
The vision camera 10 can be pre-calibrated to the tool coordinate frame to detect the tool tip
24. In some cases, the vision camera can include a linear charge coupled device (CCD)
sensor or other image sensor. A linear CCD sensor may use less processing than a vision

camera to detect the tool tip.

[38185] The system 1000 can measure the diameter of the working member 1 or tool tip 24,
The tool can shift the tool tip 24 around while measuring or determining the posttion of the
tool tip. Bv shifting the tool tip. the tool can use a single break-beam sensor 10 to detect tool
diameter by passing the tool left-to-right through the sensor 10, The lateral motion of the tool
can cause a first break and then un-obstract the beam to provide a measure of the tool

diameter. Since router bits can have helical flutes, the tool can perform multiple
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measirements along the length of the tool to determine the diameter. The tool can determine
the diameter using eddy currents or capacitive sensing with a one-dimensional sensor {o
gather multi-dimensional information about the too! geometry by correlating the scusor data
to the tool position. The tool can determine additional information about the tool tip 24 such
as tip angle m the case of a v-cutting bit. Furthermore, the tool can include a vision camera

10 to detect geometric properties of the tool.

[60186] The system 1000 can include or be configured with a hybrid positioning system to
position the working member of the tool. For example, the system can include a stage. The
system can include a skid pad proximate to the stage to facilitate moving the stage. The
system can include at least one motor adapted to move the stage. The system can included at
least one motor controller that controls the at least one motor. The system can melude a
computing device or a processor in combination with one or more sofiware applications for
processing data and providing information to the at least one motor controller. The system
can include a first sensor contigured to captare first information of a surface of a matenial to
build a map of the surface. The first information can mclude an image of the surface. The
systern can include a second sensor commumnicatively coupled with the processor. The
second sensor can capture second information of the sarface used to determine at least one of
a location of the working member and an orientation of the working member relative to the
surface. The computing device or processor can build the map of the surface using the first
information captured by the first sensor. The computing device Or Processor can receive a
design corresponding to the map of the surface built using the first information. The
processor can display the design overlaid on the map via a display screen. The syster can
receive, via the second sensor, the second information of the surface. The svstem can
determine, based on the second information of the surface and based on the map, at least one
of the location of the working member and the ornientation of the working member relative o
the surface. The system can display the location of the working member overlaid on the map
via the display screen. The system can determine, based on the design registered on the map
and at least one of the location and the orientation, a destred location for the working
member. The system can provide motor control information to control the at lcast one motor
to move the stage and the working member to the desired location while the tool 15 advanced
in a first direction that 1s within a selected range substantially adjacent to an outline of the
design. The system can avtomatically realign the tool 1o a boundary edge of the design mn a

second direction as the tool is advanced in the first direction.
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160187} For example, the system 1000 can use the determined z-axis position of the working
member 1o provide, based at least in part on the z-axis position of the working member,
motor control information to control the one or more motors to move the working member
from a first location to a second location. The motor control information can include one or
more of K-axis information, v-axis information, or z-axis information. The tool can be
advanced in a dirgction that is within a range adjacent to a predetermined path for the

working member of the tool.

[B6188] In some cases, the system 1000 can receive first information from the first sensor
and determine, based on first information of the surface of the material, at least one of a first
location {e.g., x-v coordinates, or x-y-z coordinates) of the working member of the tool and
an ongntation of the working member relative to the surface using a map of the surface. The
system can indicate, via a display screen of the tool, the first location of the working member
of the tool relative to the map of the surface. The system can retricve a design corresponding
1o the map of the surface to identify a path for the working member of the tool. The system
can compare the first location of the working member of the tool with the design to determine
a second location for the working member of the tool corresponding to the path for the
working member of the tool. The system can provide, based on at least one of the second
location and the orientation, motor control information to control the at least one motor to
move the stage and the working member to the second location. The tool can be advanced in

a direction that 1s within a range adjacent to the path for the working member of the tool.

[30188] The system can perform a constant speed technique to provide the motor conirol
information to control the at least one motor to move the stage and the working member to a
plurality of subsequent locations while the tool is advanced in a corresponding plurality of
subsequent directions. The system can antomatically realign the ool to a boundary edge of
the design in a third direction as the tool i1s advanced in a fourth direction. The system can
display a target range window rendering an itHastration of a pomnt of reference of the tool, an
intended cut path, and a desired tool movement path. The mtended cut path can indicate a

position in an x~y coordinates frame as well as z-axis depth.

[66198] The sensor can receive or capture a hive foed of image data. The system can receive
the hive feed of image data captured by the sensor, and use the live feed image data to

compare a previous posttion {(¢.g., x~y coordinates, or x~v-z coordinates) on the design and a
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preferred next position (e.g., x-v coordinates, or x-y-z coordinates) on the design to

automatically realign a position of the tool.

106191] While FIGs. 10A-10B illustrate determining the position of g rotafing cutting tool
24 relative to the work surface 2, the method can apply to plotiing pens, vinyl cutting knives,
pipette tips, vacuum nozzles for pick and place machines, or any other system to determine a

zero position position of a working member 24 relative to 8 working material 2.

[B8182] FIG. 10C iHusirates a force sensor 23 adjacent to a pad in accordance with an
embodiment. The force sensor 23 may be temporarily placed there to perform a calibration
procedure to determine the zero position. The force sensor 23 may be removed after

completion of the calibration procedure.

[66193] FIG. 10D dlustrates a force sensor 23 posttioned or placed on the top of the base
plate 920, The one or more force sensors 23 can be positioned anywhere on the tool 1000
such that the foree sensor 23 can detect a change in force corresponding to the tool tip 24
touching the surface of the material 2. The change i force may be a reduction in detected
force becanse some of the force is being transterred via the tool tip 24 to the matenal rather

than through the force sensor 23 onto the material.

[66194] FIGs. 11A and 1B illustrate a too! 1100 with a basce plate 1105, The tool 1100 may
include one or more component of the tool 1000, and base plate 1105 may correspond to base
plate 910, FIG. 11A illustrates the dust or particles that stay on the material when the dust
extraction and direction technigues are not being used, while FIG. 11B iltustrates how the
dust direction and extraction techniques described herein can remove the dust from the
material {¢.g., via airflow generated by a fan and/or vacoun: source traveling through a
channel away from the rear of the tool or extracted via a vacuum port). The tool 1100 can
moving, via a cavity or chanunel of a base plate of the tool, particles of material removed from
the working surface by the working member. The tool 1100 can evacuate, by a vacoum, the

sarticies via the cavity away from the working member.
J J e

[68195] FIG. 12 lustrates a block diagram of a method of calibrating position detection of a
tool, in accordance with an embodiment. Tn brief overview, the method 1200 mmcludes a tool
detecting a first value of a parameter at 1205, At step 1210, the tool extends a working
member towards a working surface. At 1210, the tool detects a second value of the

parameter. At 1220, the tool determines a position of the working member relative to the
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working surface. The method 1200 can be performed by one or more component or module

of one or more svstem depicted in FiGs. 1-11B.

106196] Stll refemng to FIG. 12, and o further detail, the tool detects a first value of a
parameter at 1205, The tool {¢.g., via a sensor) can detect the first value of the parameter.
The sensor can be commumicatively coupled to a computing device comprising one or more
processors. The parameter, or first valae thereof, can indicate an amount of force exerted by
a portion of a base of the tocl on the working surface or towards the working surface. The
tool can detect the first value of the parameter with the portion of the base of the tool in
contact with the working surface. For example, the portion of the base can be resting or
placed on the working surface or material. In some cases, the base can include a pad that is

in contact with the working surface.

[68197] Atstep 1210, the tool extends a working member towards a working surface. The
tood (¢.g., via a motor controlled by the computing device} can extend the working member
towards the working surface. When the working member contacts the working surface, the
base can be at least partially in contact with the working surface. For example, the working
member can contact the working surface and at least partially hift or tilt a portion of the base.
The portion of the base may or may not be i contact with the surface depending on how
much the tool tip in contact with the surface of the material Lifts or tilis the base. In some
cases, the base may still be in contact with the surface, but the amount of force exerted by the
basc on the working surface may be less. This lesser amount of force may correspond to the

second value of the parameter.

[6G198] At 1210, the tool detects a second value of the parameter. The tool (e.g., via the
sensor) can detect when the working member contacts the working surface by identifving a
second value of the parameter that is less than the first value of the parameter. The second
value can be less than first value because the force exerted by the portion of the base can be
less due to the tool tip distnibuting the force exerted by the base. The force can be distributed
such that the tool tip exerts some of the foree onto the material, or such that another portion
of the base exerts greater force than a first portion of the base. For example, the tool tip can
tilt the base such that a first portion of the base excerts less force than a second portion of the
base. For example, the tool can detect the second value of the parameter with the portion of
the base of the tool not in contact with the working surface responsive to the motor causing

the working member to contact the working surface. The tool can deternyne the z-axis
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position of the working member relative to the working surface responsive to the working

member tilting the base responsive to the working member contacting the working surface.

108199] At 1220, the tool determines a position of the working member relative to the
working surface. The tool {e.g., via the computing device) can determine a z-axis position or
depth of the working member relative 1o the working surface responsive to a difference
between the first value and the second value greater than a threshold. The tool can calibrate
the position detection system of the tool based oo these detected z-axis position. For
example, the tool can set this position as a zero, mitial or default position. The system can
then determine the z-axis coordinate or position of the tool tip relative to the calibrated zero
position. In some cases, the tool mav not calibrate the detected surface as a zero position, but
may record the absolute distance of the spindle. As the tool tip length can vary based on the
type of working mermber or tool, the position of the tip of the spindic can be predetermined

by the tool as it may not be interchangeable.

[B8266] The form and structure of embodiments of the present disclosure for use witha
cutting fool are provided and depicted in FIGs. 13-21. The embodiments depicted in Figures
13-21 provide 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 meludes left
and right displav clips 124 to clamp or lock the monitor or smart device 570 into the device
mount 122, The device 570 includes a display screen 5372 for the user to view the cutting
path for that particuiar use. The base 130 also has left and right handles or grips 106 attached

through handle support arms 108,

160201} 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 FIG. 20, the boitom plate 139 has a bottom
skid pad 141 attached to the botiom. The botiom skid pad 141 15 used to assist movement of
the rig 100 along the surface of the matenial being worked on. The bottom skid pad 141 may
be made of a high density polvethylene, Teflon, or other suitable material which is both

durable and suited for shiding along the matenal.

(68262 The router 500 15 added to the rig 100 by attaching the router base plate 310 to the

stage 150, As seen in Figure 21, the stage 150 has several tool attachment points 164 for
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attaching the router base 510 to the stage 130, The router base 510 has several router base
support legs 508 which forms a cage around the router bit 512, The router 560 alsc hasa
power cord 306 and an on-off switch 304, The rig 100 may be implemented as a self-

contained portable unit meluding an on-board source of power, such as a battery source.

{66263} The smart umit or monitor 570 can have an input cable 574 with a cable terminal or
receptacle 576, Ifthe 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 376 will

connect to the CPU uni.

106204] Asshown in FiGs. 14-19, the svstem 100 can contain a stage motor 210 and a pivot
motor 220. The stage motor 210 is used to control movement of the stage 150, The pivot
moior 220 18 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 lingar motion.
The stage motor 210 and pivot motor 220 each have their own motor cap 212, 222

respectively.

[66265] The motors 210, 220 can be controlled by the stage motor driver 2353 and the pivot
moior driver 254 which are connected to the printed circuit board 250 and the mucrocontroller
board 252. The microcontroller 252 processes low level wnstructions from the smart device or
CPU unit (i.e. alaptop}). The instructions would be mstructions to move the motors 210, 220
to set positions (1.¢. posttions 150, 125) mto the correct siep commands to drive the motors to
those positions. The motors” orientations are tracked by homing them to a zero posttion once
and then tracking all subsequent steps taken. Alteraatively, the system could use rotary
cncoders to keep frack of the state of the motor shafts” orientations. The motors 210, 220 and
the motor drivers 253, 234 are powered by connecting the power plug receptacle 255 o a

POWCT SOUICC.

[36206] As shown Figures 15-16, the back of the rig 100 includes a camera support 190,
The camera support 196 may be one or more support members which are connected to the
upper stage housing 130 and terminate at the top of the ng 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 matenial being worked and the surrounding areas thereof.

[30267] The eccentrics can be used to convert the rotational motion of the motors into lincar

motion. Bocentrics are circular disks rotating around an off-center shaft. As the shafts are
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rotated, they produce hincar motion m the collars wrapped around the eccentric disks.
Eccentrics are able to maintain the same low backlash accuracy of a precision linear stage
whilc being less expensive. A hmear displacement range of 1/2” 1s well within the
capabilitics of an eccentric. The tool can include two eccentrics mounted to the frame and
connected to a stage that can slide on its base. The eccentrics can be 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 o provide larger or smaller relative movement of the tool

699 relative to the workspace.

[B8268] To constrain the stage, one ecceniric can be 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 ¢ccentric 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 mvention, stage displacement is himited to approximately 95%
of the maximum range 1o avoid positions with extreme nonlincarity. 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 mvention makes use of adequately powered
motors which have sufficient power to preclude back driving even in the presence of

significant forces.

[30209] As shown m Figure 21, the upper stage housing 130 can be a one piece unit with
spacers 131, 133, 135 machimed or formed into the upper stage housing 130, The spacers
131, 133, 133 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 acconmodates
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 mimimal friction.

106216] The stage 150 1g 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 |54, tool attachment points 168, and an
opening 160 where the tool extends throogh the stage 150, In addition, a pivot arm 156 1s

most likely machined from the same alloy or material as the stage 150,
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{06211} 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 134 conmected to and surrounding the cam 174 to move
the stage 130, A bearing ring may be used between the cam 174 and the stage arm member

154.

(66212} Additionally, when the pivot motor 220 moves the pivot motor shaft 186 rotates.
There 1s 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 conngcted to and surrgunding the cam 176 to move the pivot arm
156 back and forth which causes the stage 150 to move relative to the pivotaomn 156, A

bearing ring may be used between the cam 176 and the pivot arm 156,

30213} Asthe stage 150 and pivot arm 134 move, the stage stabilizing arms 132 move
along the upper stage skid pads and the lower stage skid pad 151 {¢.g., as in Figure 13} to
stabilize the stage 150 during movement. Further, the stage eccentric 174 and pivot eccentric
176 can 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
scen i Figure 21, The stage eccentric boss is not shown in the figures as it1s flipped relative
to the pivot boss 187 because the stage 150 and the pivot arm 156 are operating on difterent

planes.

[66214] Although various acts are described herein according to the exemplary method of
this disclosure, it is to be understood that some of the acts described herein may be omitied,

and others may be added without departing from the scope of this disclosure.

[36215] It will be recognmized by those skilled in the art that changes or modifications mayv be
made to the above descrbed embodiments without departing from: the broad concepts of the
disclosure. Ikt is understood therefore that the disclosure is not limited to the particular
embodiments which are described, but 1s intended to cover all modifications and changes

within the scope and spirit of the disclosure.

[36216] The systems described herein may provide multiple ones of any or each of those

components and these compounents may be provided on either a standalone machine or, in
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some embodiments, on multiple machines in a distributed system. The systems and methods
described herein may be implemented as a method. apparatus or article of manufactusrc using
progranuning or engincering technigues to produce software, firmware, bardware, or any
combination thereof. In addition, the systems and methods described herein may be provided
as one or more computer-readable programs embodied on or in one or more articles of
manufacture. The term "article of manufacture” as used herain is intended o encompass code
or logie accessible from and embedded in one or more conputer-readable devices, firmware,
programmable logic, memory devices {¢.g., EEPROMs, ROMs, PROMs, RAMs, SRAMs),
hardware {¢.g., integrated circuit chip, Field Programmable Gate Array (FPGA), Application
Specitic Integrated Circuit {ASICY), electronic devices, a computer readable non-volatile
storage unit {e.g., CD-ROM, floppy disk, hard disk dnive). The article of manufacture may
be accessible from a file server providing access to the computer-readable programs via a
network transmission line, wireless transmission media, signals propagating through space,
radio waves, or infrared signals. The article of manufacture may be a flash memory card or a
magnetic tape. The article of manufacture includes hardware logic as well as software or
programmable code embedded i a computer readable medium that 1s executed by a
processor. fn general, the computer-readable programs may be tmplemented m any
programming language, such as LISP, PERL, C, C++, C#, PROLOG, or in any byte code
language such as JAVA. The software programs may be stored on or in one or more articles

of manufacture as object code.

{60217} Having described certain embodiments of methods and systems for virtualizing
audio hardware for onc or more virtual machines, it will now become apparent to onc of skill

in the art that other embodiments ncorporating the concepts of the disclosure may be used.

[66218] While various embodiments have been described and illustrated hercin, those of
ordinary skill in the art will readily envision a vanety of other means or structures for
performing the function or obtaming the results or one or more of the advantages descnibed
herein, and each of such vanations or modifications s deemed to be within the scope of the
embodiments described heremn. More generally, those skilled m the art will readily
appreciate that all parameters, dimensions, materials, and configurations described herein are
meant to be exemplary and that the actual parameters, dimensions, materials, or
contigurations will depend upon the specific application or applications for which the

teachings are used. Those skilled in the art will recognize, or be able {o ascertain using no
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more than routine experimentation, equivalents to the specific embodiments described herein.
It is, therefore, to be understood that the foregoing embodiments are presented by way of
cxample only and that, within the scope of the appended claims and equivalents thereto,
embodiments may be practiced otherwise than as specifically described and claimed.
Embodiments of the present disclosare are directed to each individual featare, system, article,
material, kit, or method described herein. In addition, any combination of two or more such
features, systems, articles, materials, kits, or methods, if such features, systeras, articles,
materials, kits, or methods are not mutually meonsistent, 18 included within the scope of the

present disclosure.

[36219] The above-described embodiments can be implemented in any of mumerous ways.
For example, the embodiments may be implemented using hardware, software or a

combination thereof. When implemented in software, the software code can be executed on
any suitable processor or collection of processors, whether provided in a single computer or

distributed among multiple computers.

[36220] Also, a computer may have one or more input and output devices. These devices
can be used, among other things, to present a user interface. Examples of output devices that
can be used to provide a user interface include printers or display screens for visual
presentation of output and speakers or other sound generating devices for audible
presentation of cutput. Examples of input devices that can be used for a user interface
include keyvhoards, and pointing devices, such as mice, touch pads, and digitizing tablets. As
another example, a computer may receive input information through speech recognition or in

other andible format.

[66221] Such computers mav be interconnected by one or more networks in any suitable
form, meluding a local arca network or a wide area network, such as an enterprise network,
and intelligent network (IN) or the Internet. Such networks may be based on any suitable
technology and may operate according to any suitable protocol and may nclade wireless

networks, wired networks or fiber optic networks.

160222} A computer cmploved to implement at least a portion of the functionality described
herein may comprise a memory, one or more processing units (also referred to herein stmply
as “processors’’), ong or more communication interfaces, one or more display units, and one

or more user input devices. The memory may comprise any compuier-readable media, and
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may store computer instructions {also referred to herein as “processor-executable
instructions”) for implementing the various functionalities descnbed herein. The processing
unii{s) may be used to execute the mstructions. The communication inierface(s) may be
coupled to a wired or wireless network, bus, or other communication means and may
therefore allow the computer to transmiit communications o or recetve commumnications from
other devices. The display unit{s) may be provided, for example, to allow a3 user to view
various information in connection with execution of the instructions. The user input
device(s) may be provided, for example, to allow the user to make manual adjustments, make
selections, enter data or various cther information, or inderact in any of a variety of manners

with the processor during exccution of the mstructions.

136223] The various methods or processes outlined herein may be coded as software that is
executable on one or more processors that employ any one of a vanety of operating svstems
or platforms. Additionally, such software may be written using any of a number of suitable
programiming languages or progranuming or scripting tosls, and also mayv be compiled as

executable machine language code or intermediate code that is executed on a framework or

virtual machine.

[66224] The concept described herein may be embodied as a computer readable storage
medium {or multiple computer readable storage media) (e.g., a computer memory, one or
more floppy discs, compact dises, optical discs, maguetic tapes, flash memories, circuit
configurations m Ficld Progranumable Gate Arrays or other seniconductor devices, or other
non-transitory medium or tangible corputer storage medium) encoded with one or more
programs that, when executed on one or more computers or other processors, perform
methods that implement the various embodiments described herein. The computer readable
medivm or media can be transportable, such that the program or programs stored thereon can
be loaded onto one or more different computers or other processors to implement various

aspects and embodiments described herein.

[36225] The terms “program” or “software” are used herein in a generic sense to refer to any
type of computer code or set of computer-executable instructions that can be emploved to
program a computer or other processor to tuplement various aspects of cmbodiments as
discussed above. Additionally, according o ong aspect, one or more computer programs that
when executed perform methods or operations described herein need not reside on a single

computer or processor, but may be distributed inn a modular {fashion amongst a number of
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different computers or processors to implement varicus aspects or embodiments described

herein.

106226] Computer-exccutable instructions may be in many forms, such as program modules,
executed by one or more computers or other devices. Generally, program modules mclude
routings, programs, objects, components, or data structures that perform particular tasks or
mplement particular abstract data types. Typically the functionality of the program modules

may be combined or distributed as desired in vanous embodiments.

[36227] The data structures may be stored in computer-readable media in any suitable form.
For simplicity of illustration, data structures may be shown to have ficlds that are relaied
through location in the data structure. Such relationships may likewise be achieved by
assigning storage for the fields with locations in a computer-readable medium that convey
relationship between the fields. Any suitable mechanism may be used to establish a
relationship between information in fields of a data structure, including through the use of

pointers, tags or other mechanisms that establish relationship between data elements.

[66228] The concepts described herein may be embodied as one or more methods, of which
an example has been provided. The acts performed as part of the method may be ordered in
any suitable way. Accordingly, embodiments may be constructed 1n which acts are
performed in an order different than illustrated, which may include performing some acts

stmultaneously, even though shown as sequential acts n illustrative embodiments.

[66229] Asused herein, the terms “light”, “optical” and related terms should not but
understood to refer solely to clectromagnetic radiation n the visible spectrum, but instead
generally refer to electromagnetic radiation in the ultraviclet (about 10 nm to 390 nm}, visibie
(390 nn to 750 num), near infrared (750 nm to 1400 nm), mid-mfrared (1400 nn to 15,000

oy}, and far mfrared (15,000 am to about | mm).

[66236] The imdefinite articles “a” and “an,” as used herein in the specification and in the

claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”

[38231] Reterences to “or” may be construed as inclusive so that any terms described using

“or” may indicate any of a single, more than one, and all of the described terms.
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[06232] Inthe claims, as well as in the specification above, all transitional phrases such as
“comprising,” “mchuding.” “carrving.” “having,” “contamning,” “involving,” “holding.”
“composed of,” and the like are to be understood 1o be open-ended. 1.¢., to mean including

but not himated to.

66



WO 2016/183390 PCT/US2016/032224

What i1s Claimed 1s:

1. A svstem to position a working member of a tool, comprising:
a base coupled to the tool;
a computing device comprising one of MOTe Processors;
a sensor communicatively coupled o the computing device;
a motor controlled by the computing device;
the computing device configured to:
identify, via the sensor, a first value of a parameter indicative of an amount of
force exerted by a portion of the base towards a working surface;
mstruct the motor to exiend the working member towards the working surface;
identify, via the sensor with the working member in contact with the working
surface, a second value of the parameter;
compare the first value of the parameter with the second value of the
parameter to identify a difference between the first value and the second value; and
determing a z-axis position of the working member relative to the working
surface based on the difference between the first value and the second value greater

than a threshold.

2. The system of claim 1, comprising:
the computing device configured to identify the first value of the parameter based on

the portion of the base of the tool in contact with the working surface.

3. The system of claim 1, comprising;
the computing device configured to identify, via the sensor, the second value of the
parameter based on the portion of the base of the tool not i contact with the working surface

responsive to the motor causing the working member to contact the working surface.
4. The system of claim 1, comprising:
the computing device configured to determine the z-axis position responsive to the

first value being greater than the second value.

5. The system of claim 1, wherein the parameter comprises force measured by the sensor,

and the second value is less than the first value.
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6. The system of claim 1, comprising:
the computing device configured to:
mstruct the motor to contact the working surface to tilt the base of the tool;
and
determine the z-axis posttion of the working member relative to the working
surface respounsive to the working member tilting the base of the tool responsive to the

working member contacting the working surface.

7. The svstem of claim 1, comprising:

the computing device configured to:

mstruct the motor to retract the working member in contact with the working
surface away from the working surface;

dentify, via the sensor when the working member is not in contact with the
working surface, a third value of the parameter; and

determine a second z-axis position of the working member relative to the
working surface responsive to a second difference between the first value and the

third value less than a threshold.

%. The system of claim 1, wherein the tool comprises a frame having a cavity configured to:
move, away from the working member, particles of material removed from the

working surface by the working member.

9. A method of positioning of a working member of a tool, comprising:

detecting, by a sensor communicatively coupled to a computing device comprising
one or more processors, a first valae of a parameter for a first vertical position of a base of the
tool;

extending, bv a motor controlled by the computing device, the working member
towards the working surface;

detecting, by the sensor with the working member in contact with the working
surface, a second value of the parameter indicating a second vertical position of the base of
the tool; and

comparing, by the computing device, the first value of the parameter with the second

value of the parameter to determine a change i vertical position of the base of the tool; and
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determining, by the computing device, a z-axis position of the workimg member
relative to the working surface based on the change in the vertical position of the base of the

oo,

10. The method of claim 9, comprising:
detecting, by the sensor, the first value of the parameter with the portion of the base of

the tool in contact with the working surface.

11. The method of claim 9, comprising:
detecting, by the sensor, the second value of the parameter with the portion of the
base of the tool not 1n contact with the working surface responsive to the motor causing the

working member to contact the working surface.

12. The method of claim 9, wherein the paramcter comprises force measured by the sensor,
the method comprising:
determining, by the computing device, the z-axis position based on the first value

greater than the second value.

13. The method of claim 9, wherein the sensor comprises an image sensor and the parameter
comprises a pixel, the method comprising:

capturing, by the 1mage sensor, a first image comprising the first value of the
parameter,

capturing, by the image sensor, a second image comprising the second value of the
parameter; and

comparing, by the computing device, the first image comprising the first value with
the second image comprising the second value to identify the difference between the first

value and the second value.

14. The method of claim 9, wherein the sensor comprises an accelerometer, the method
comprising:
determining, by the aceelerometer, the first value;

determining, by the accelerometer, the second value; and
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comparing, by the computing device, the first value with the second value to identify
an acceleration of the base of the tool based on the working member contacting the working

surface.

15. The method of claim 9, comprising:
determining, by the computing device, the z-axis position of the working member
relative to the working surface responsive to the working member tilting the base responsive

to the working member contacting the working surface.

16. The method of claim 9, comprising;

retracting, by the motor controlled by the computing deviee, the working member in
contact with the working surface away from the working surface;

detecting, by the sensor apon the working member not being in contact with the
working surface, a third value of the parameter, the third value of the parameter greater than
the second value of the parameter; and

determining, by the computing device, a second z-axis position of the working
member relative to the working surface responsive to a second difference between the first

value and the third value less than a threshold.

17. The method of ¢lain 9, comprising:

extending, by the motor, the working member towards a surface supporting the
working surface, the base of the tool in contact with the working surface;

detecting, by the sensor responsive to the working member contacting the surface
supporting the working surface, a third value of the parameter; and

determining, by the computing device, a thickness of the working surface responsive

to a second difference between the first vahie and the third value greater than a threshold.

18, The method of clainm 9, comprising:
determining, by the computing device, a plurality of location points based on the
working member of the tool contacting the working surface, cach of the plurality of location
points having an x-axis coordinate, a y-axis coordinate, and a z-axis coordinate; and
generating, by the computing device, a three dimensional map of the working surface

using the plurality of location points.
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19. The method of claim 17, comprising:
determining. bv a second sensor of the tool, the x-axis coordinate and the y-axis
coordinate of each of the plurality of location points using a fiducial marker placed on the

working surface.

28, The method of claim 9, comprising:
moving, via a cavity of the tool, particles of matenial removed from the working
surface by the working member; and

evacuating, by a vacuum, the particles via the cavity away from the working member.

21, A system to position a working member of a tool, comprising:
a base coupled to the tool;
a computing device COmprising one OF MOTe Processors;
one or more sensors communicatively coupled to the computing devics;
one or more motors controled by the computing device;
the computing device configured to:
determine, via the one or more sensors, a z-axis position of the working
member; and
provide, based at least in part on the z-axis position of the working member,
motor control information to control the one or more motors to move the working
member from a first location o a second location, the (ool advanced m a direction that

is within a range adjacent to a predetermined path for the working member of the fool.

22. Fhe system of claim 21, comprnising:
the computing device configure to determine the z-axis position relative to the
working surface based on a contact staic of the working member with the surface of the

material.

23, A system to posttion a working member of a tool, comprising:
a base coupled to the tool;
a computing device COmMprISing ong Or MOIre Processors;
one of more sensors commaunicatively coupled to the computing device;

one or more motors controlied by the computing device;
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a cavity of the tool to move particles of matenial removed from the working surface
by the working member;

the computing device configured to:

deternune, based on first information received via the one or more sensors, a
first location of the working member;

compare the first location of the working member with a predetermined path
to determine a second location for the working member of the tool corresponding to
the path; and

provide. based on the second location, motor control information o control the
one or more motors 1o move the working member from the first location to the sccond
location, the tool advanced in a direction that is within a range adjacent to a
predetermined path for the working member of the tool, the cavity configured to move
the particles of the material in a direction opposite to the direction in which the tool

advances.

24. The system of claim 23, comprising:

a vacuum to evacuate the particles of the material away from the tool.
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