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METHOD FOR DEFINING SAFE ZONES FOR LASER MACHINING SYSTEMS

FIELD OF THE INVENTION

[0001] The present invention generally pertains to laser machining devices and to

methods of set-up and operation of laser machining systems.

BACKGROUND

[0002] In material removal devices and processes, commonly referred to as
material machining or simply machining, a cutting head, typically in the form of a carbide
cutting wheel or bit, or in more advanced machining techniques, a laser head, is placed in
contact or close proximity with the material to be machined. The cutting head is then
moved along a path of travel across the material until the desired material is removed
and/or altered from its original condition. In modern machining equipment, the cutting
path and other parameters are programmed into a computer numerically controlled (CNC)
machining device executing a computer program that, in one function, guides the cutting
head along the desired path of travel.

[0003] In conventional and CNC machining devices, it is vital that the expensive
and often delicate cutting heads, whether a cutting bit or a laser, not be subject to a path
of travel that would contact portions of the material that are not to be machined or other
surrounding equipment, for example, fixtures that may position and secure the material to
be machined to a table or workstation. Any such unintended or unauthorized contact of
the cutting head with these areas or equipment can damage or misalign the cutting head
and/or the potentially delicate material that is to be machined.

[0004] In order to avoid unintended contact of the cutting head with surrounding
equipment or portions of the material, safety zones are often established to prevent the
cutting head from entering into certain areas where such undesirable contact of the cutting
head may occur. Depending on the material to be machined, for example a planer or non-
planar material surface, or where complex fixturing is used, these safety or restricted
zones may take the form of two-dimensional x-y coordinate areas or may be three-

dimensional zones having an x-y area as well as a z-coordinate height aspect.
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SUMMARY
[0005] Definition of safe or restricted zones, where it is undesirable for the cutting
head to travel or pass through, typically has to be defined on a job-by-job basis. This is
because either the material to be machined or the fixtures used to position or secure the
object are different. In CNC machines, these coordinates, often three-dimensional, need
to be identified in the coordinate system used by the cutting machine and then input into
the computer program. Where many safety zones and/or safety zones with complex
configurations are required, identification of the coordinates or boundaries of the safety
zones, and input of these coordinates, can be very tedious and time consuming.
[0006] The present invention includes a method for establishing safety or
restricted zones in machining devices that is more efficient and takes less time than prior
methods. It also includes a method for identifying three dimensional coordinates defining
the boundaries of desired restricted zones and importing them into the computer program,
or programs, of computer numerically controlled machining devices.
[0007] As aresult, embodiments of the present invention include a method for
defining safety or restricted zones in laser machining systems whereby once established, a
laser cutting head will not enter or pass through the restricted zones.
[0008] In one aspect of the invention, a computer aided design (CAD) model
using an arbitrary three-dimensional coordinate system is used to generically identify
desired restricted zones where it is undesirable for a laser cutting head to pass into or
through. A selected point or points in each restricted zone is identified on the CAD
coordinate system. These selected points are used as alignment fiducial locations, which
are included in an application file that is created. A machine vision subsystem of the
laser machining system is used to convert or transform the alignment fiducial points from
the CAD coordinate system into the specific laser machining coordinate system. The
remainder of each desired restricted zone is then determined in the specific laser
machining coordinate system by mapping or calculating the perimeter of the zone based
on the prior CAD three-dimensional coordinate data in respect to the alignment fiducial
points.
[0009] In one aspect of the invention, in the CAD model, simple geometric shapes
or volumes are identified that may be combined to encompass or produce an envelope
surrounding and/identifying a restriction zone. For odd or complex-shaped restriction
zones, several simple geometric shapes are combined with each other to form more

complex-shaped restriction zones.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The description herein makes reference to the accompanying drawings

wherein like reference numerals refer to like parts throughout the several views, and

wherein:

[0011] FIG. 1 is a flow chart illustrating method steps of one example of the
invention;

[0012] FIG. 2 is a schematic perspective view of an example of a laser machine

part carrier including two fixtures each having two drill areas wherein one or more
objects are positioned to be machined;

[0013] FIG. 3 is a schematic plan view of the example in FIG. 2 showing
exemplary restriction zones and alignment fiducial points; and

[0014] FIG. 4 is an example of a simplified schematic illustration of a machine
vision system useable with the laser machining system to determine the restricted zones

in laser machine specific coordinates.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0015] Referring to FIGS. 1-4, examples of a method for defining safety or
restricted zones in an exemplary laser machining system are illustrated. Referring to FIG.
1, a schematic flow chart is shown identifying an example of the method steps 10 used to
define restricted zones in an exemplary laser machining application.

[0016] Referring to FIGS. 2 and 3, an example of a part carrier assembly for a
laser machining system shown in a three-dimensional computer aided design (CAD)
model is illustrated, and the descriptions hereafter pertain to the inventive method for
defining restrictive zones on this exemplary laser machine system. It is understood that
the inventive method for defining restricted zones may be used on other laser machining
systems and other material machining devices in general.

[0017] A part carrier assembly of an exemplary laser machining system 20 is
illustrated in FIG. 2. Other elements of the laser machining system 20, such as a laser,
camera, lighting and control shown by example in FIG. 4, are omitted for clarity. The
system 20 as shown includes a part carrier 24 that generally includes a planar support
surface 26 generally defining an x-y coordinate plane as shown by coordinate system 18.

Part carrier 24 may be a moveable surface or may be stationary and is not limited to a
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single planar surface as shown but may include other surfaces or geometries to suit the
particular machining application as known by those skilled in the art.

[0018] Machining system 20 may further include one or more part fixtures 30
(two shown) that assist in positioning and/or holding the particular part or object to be
drilled or machined stationary with respect to part carrier 24. As shown in FIG. 2, each
fixture 30 includes raised sidewalls 34 in the z-direction and a fixture lid 40 connected to
the sidewalls by hinges 42. Each exemplary fixture 30 further includes vacuum lines 44
and cooling lines 50 as generally shown. Part carrier 24 and fixtures 30 may be
manufactured from steel, aluminum or other materials suitable for the particular
machining process as known by those skilled in the art.

[0019] The illustrated fixture lid 40 and sidewalls 34 define drill or machining
areas 54 (four shown) extending down through lid 40 in the z-direction toward support
surface 26 to a depth 58. Depth 58 may be the full height or sells than the height of
fixture sidewalls 34. Where depth 58 is less than the height of sidewalls 34, an alternate
part support surface (not shown) provided by fixture 30 would be used to position and
secure the part to be machined. As shown, fixtures 30 and four exemplary drilling areas
54 define four areas or islands 62 whereby the four drilling areas are generally located.
[0020] With exemplary laser machining device 20 shown and described in FIG. 2,
examples of the method for defining restricted or safety zones will be explained. In use
of the terms restricted or safety zones, these zones, areas or three dimensional volumes
are considered areas where it is undesirable for the laser machining head, and components
and hardware connected thereto, to pass into or through as such passage could result in a
collision of the laser head and other equipment, for example part carrier 24, fixture 30 or
the object to be machined or drilled, resulting in damage to the laser head, fixture or
object to be machined.

[0021] In a first step 66 of an inventive method 10 to define safety or restricted
zones in exemplary laser machining system 20, an existing three-dimensional CAD model
in a CAD system 132 is used or is generated, which includes or details the environment of
laser machining system 20 including, for example, part carrier 24, fixture 30 and drill
areas 54 of FIG. 2. In the CAD model, restricted or safety zones, areas or regions where
the laser head is not to pass into or through are identified in CAD three-dimensional
coordinate system 18. For example, FIG. 3 shows laser system 20 of FIG. 2 including
four restricted zones as rectangular areas 68, 74, 78 and 80. These four restricted zones,

shown in FIG. 3 in two-dimensional space, may vary as to the top or height in the z-

4-



WO 2010/005636 PCT/US2009/044611

direction with respect to part carrier support surface 26. A fifth zone 84 is not included as
a restricted zone, but rather, represents the zone where it is desirable or permissible for
the laser head to pass into as it surrounds the drill area 54 shown in FIGS. 2 and 4.
Although the safety zones are described as zones or areas where the exemplary laser head
is not to pass into or through, it is understood that these zones may be defined such that it
is permissible for the laser head, or other machining head, to nonetheless pass above or
partially through without causing, for example, a collision between the laser head and the
equipment, fixtures or other components.

[0022] It is understood that these restricted zones 68, 74, 78 and 80 are defined in
CAD by three-dimensional coordinate points (x, y and z). It is also understood that,
although shown as rectangular areas, the restricted zones can take any geometric form
such as polygons, cylinders or circles and other shapes known by those skilled in the art.
It is also understood that when using the exemplary rectangles to define restricted zones
in three-dimensional space, the volume or boundaries of the each restricted zone may be
derived by knowing the three-dimensional coordinates of opposing corners on the top and
bottom of the box or rectangle, for example, the upper two left corners and the lower two
right corners. From these points, the remaining corners and the boundary of the restricted
zone are calculated according to known methods given the teachings herein. Also,
although described as a traditional CAD model, other forms of computer aided design
systems may be used such as solid modeling programs and other design or engineering
systems as known by those skilled in the art.

[0023] Once the restricted zones are generally identified and their boundaries are
located in three-dimensional coordinate space according the resident CAD coordinate
system 18, a method step 90 of identifying one or more fiducial alignment points 92 in
the CAD coordinate system is used. The one or more fiducial points, by example points
92 in the CAD model in FIGS. 2 and 3, are identified and serve as alignment or reference
points in the laser machine-specific coordinate system as described later. The fiducial
alignment points 92 are preferably on the boundary of or are positioned within a
particular restrictive zone, although they may be anywhere in the CAD model. In
determining what feature, for example part carrier 24, fixture 30 or drill area 54, will
serve as an alignment point 92, it is considered whether such feature will be more readily
detected or identifiable by the machine vision system used with laser machining system

20 as explained later.



WO 2010/005636 PCT/US2009/044611

[0024] The three-dimensional alignment point (or typically several points) 92 as
well as the CAD coordinates for the identified restricted zones identified in the first step
66 are then loaded into a computer application file or program in a method step 100. Use
of this data in the application file is further discussed below.

[0025] In the particular physical laser machining system or device 20 including
the exemplary part support 24, fixture 30 and drill areas 54, there will typically be a
different positional coordinate system (machine specific coordinate system) that will not
directly match one-for-one CAD coordinate system 18 described above. Laser machining
system 20 will, however, include the CAD-modeled physical components of part carrier
24, fixture 30, drill areas 54 and other associated components described above within
reasonable tolerances known by those skilled in the art.

[0026] Advantageously, embodiments of the inventive method are able to utilize
CAD information respecting restrictive zones 68, 74, 78 and 80 in the machine specific
coordinate system using the below described steps and processes.

[0027] As generally shown in FIGS. 1 and 4, in one example of the invention, a
method step 120 uses a machine vision subsystem or group of components along with
laser machining system 20 components to first read or find the fiducial alignment points
92 on the physical components that were previously identified in the CAD model. In one
example, one or more cameras 122 are used in combination with one or more light or
illumination sources 124 to obtain images made up of pixels of the area or areas of the
physical components, for example of fixture 30, where the previously identified fiducial
point or points 92 are estimated to be located. In one example, camera(s) 122 are charge-
coupled device-type cameras (CCDs) and illumination source 124 is one or more rings of
light emitting diodes (LEDs). Other forms of cameras and illumination sources to
produce, for example, bright field or dark field illumination of an object, may be used as
known by those skilled in the art. In addition to these components, the machine vision
components may include the drivers and controllers for camera 122 and illumination
sources 124, a display terminal 126 to view the images taken by camera 122, a
microprocessor 128 and a data storage and/or software library 130, all in electronic
communication with the machine vision components and CAD system 132.

[0028] Through one or more known image recognition techniques or algorithms,
for example, normalized correlation, edge detection and blob analysis, the fiducial points
on the physical laser machining components that match the fiducial points 92 in the CAD

model are located and positively identified in three-dimensional space in the machine-
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specific coordinate system. In one example of determining the three dimensional location
of a point or other marker on the physical components, the captured image is represented
in pixels. Since the laser machining system knows where the camera is, it can readily be
determined, for example, where the center of the captured image is. From this or other
known image points, it can readily be calculated how many pixels away, in x-y
coordinates, the desired point or fiducial alignment point is from the reference center
point. Since the resolution of the camera is known, a user would know that, for example,
each pixel is 2 microns (um) wide. The distance from the exemplary reference point of
the captured image to the fiducial alignment point can then be calculated in the laser
machine coordinate system. This provides the precise location of the fiducial alignment
point or points in the machine specific coordinate system. For explanation of one blob
analysis technique, see U.S. Patent No. 7,055,112 to Electro Scientific Industries, Inc., the
common assignee of the present invention. For description of different illumination
sources see U.S. Patent No. 6,870,949, also assigned to Electro Scientific Industries, Inc.
Both patents are herein incorporated by reference in their entirety.
[0029] Upon identifying and determining the position of the fiducial alignment
point or points in the physical laser machining system’s machine specific coordinate
system, the positions of the same fiducial points in both the CAD coordinate and machine
coordinate systems are known, and a comparison step 140 is initiated through use of the
application data file created in step 100 containing the CAD data. A calculation step 150
is then carried out to determine the coordinate transform that maps the CAD fiducial
alignment point or points to the machine specific coordinate system. In one example of
coordinate mapping, such a coordinate transform would comprise an affine function from
the CAD coordinate system to the machine coordinate system. One example of a
coordinate transform is:

X_machine =a + b*x_CAD + c*y_CAD + d*x_CAD*y_CAD; and

Y machine = e + f*x_CAD + g*y_CAD + h*x_CAD*y_CAD ; wherein
x_CAD and y_CAD represent the x-y coordinate values from, for example, a fiducial
reference point from the CAD coordinate system, and X_machine and Y_machine
represent the x-y coordinates of the same fiducial in the machine specific coordinate
system. The a — h coefficients represent the parameters describing the coordinate
transform.
[0030] The coefficients associated with this exemplary transform would represent

offset, rotation, scaling and keystone effects, and the standard least-squares method may
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be utilized to calculate the coefficients characterizing such a transform in such a way as to
minimize the sum square of errors between the measured and mapped fiducial
coordinates. It is understood that different coordinate or mapping transforms and
alternative methods for calculating the parameters that characterize such transforms other
than the example described may be used as known by those skilled in the art.

[0031] Once the appropriate mathematical conversion or coordinate
transformation is determined, a method step 160 using the coordinate transform is applied
on the above-described application data file that contains the remaining, or all of the,
boundary points or coordinates for the restrictions zones previously determined in CAD.
Using the predetermined coordinate transform, the other CAD points defining the
restricted zone boundaries are converted or “mapped” to calculate or convert these CAD
positional reference points into the laser machine-specific coordinate points.

[0032] Once converted or transformed as described above, the prior reference
CAD data for restrictive zones 68, 74, 78 and 80 is obtained in laser machine-specific
coordinate system and is useable in that system to establish a cutting tool guide path, or in
the alternative, identify areas that must lie outside of the machine tool path. A method
step 170 to input the transformed laser machine-specific data into the laser machine
cutting tool program or other computer program or subprograms can be performed. Then,
this data can be used to check to make sure that the intended cutting path does not touch
or enter into one of these zones, which could result in a collision and damage to the
sensitive equipment or work piece to be machined.

[0033] The present method includes several advantages. By using existing CAD
data and transforming that data into machine specific data for use in defining safety or
restrictive zones, the exemplary process eliminates the cumbersome and time consuming
procedures of manually determining each safety zone boundary point and then
implementing those points into the machine specific laser system. These advantages
provide for much less system build time, the ability to utilize the same data file in CAD
coordinate system to describe the safe and restricted zones across multiple systems whose
machine coordinates do not necessarily match one another, and the advantage of easily
changing between different restricted or safety zone topologies, for example, using a
different part fixture for a different application, which improves ease-of-use and overall
system productivity.

[0034] The above-described embodiments have been described in order to allow

easy understanding of the present invention, and do not limit the invention. On the
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contrary, the invention is intended to cover various modifications and equivalent
arrangements included within the scope of the appended claims, which scope is to be
accorded the broadest interpretation so as to encompass all such modifications and

equivalent structures as is permitted under the law.
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What is claimed is:

1. A method of defining restricted safety zones for use in a material
machining system, the method comprising:

identifying positional coordinates of at least one safety zone in a computer
aided design model of a physical material machining device;

identifying positional coordinates of at least one fiducial alignment
reference point in the design model;

determining positional coordinates of the at least one fiducial reference
point in the material machining device;

calculating a positional difference of the fiducial reference point between
the design model and the material machining device; and

converting the safety zone positional coordinates in the design model to
the material machining device coordinates using the positional difference for use by the

material machining system.

2. The method of claim 1 wherein the at least one reference fiducial

reference point is one of the safety zone positional coordinates.

3. The method of claim 1 or claim 2 wherein determining the
positional coordinates of the at least one fiducial reference point in the material
machining device comprises capturing a visual image of at least a portion of the material
machining device including the at least one safety zone and the fiducial reference point as

defined in the design model.

4. The method of claim 3 wherein capturing an image comprises
selectively activating a camera and a lighting source positioned in proximity to the at least
a portion of the machining device including the at least one safety zone and the fiducial

reference point.

5. The method of claim 4 wherein calculating the positional
difference of the fiducial reference point comprises determining the number of image
pixels that separates the design model fiducial reference point location from the fiducial

reference point location on the image.

-10-
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6. The method of claim 1 or claim 2 wherein calculating the
positional difference of the fiducial reference point further comprises the step of defining
a coordinate transform to convert the positional coordinates of the fiducial point in the

design model to the machining device.

7. The method of claim 6, further comprising:
determining transform coefficients of the coordinate transform wherein the

coefficients represent at least one of offset, rotation, scaling and keystone effects.

8. The method of claim 6 wherein converting the safety zone
positional coordinates comprises applying the predetermined coordinate transform to the

design model safety zone positional coordinates.

0. The method of claim 1, further comprising:
importing the defined machine device safety zone into a computer cutting

path program for the material machining system.

10. The method of claim 1 or claim 9, further comprising:
generating the computer aided design model of the physical material

machining device.

11. The method of claim 1 wherein the at least one safety zone is a
plurality of safety zones and the at least one reference fiducial point is a plurality of
reference fiducial points, each being one of the safety zone positional coordinates

associated with a respective one of the plurality of safety zones.

12. The method of claim 1 wherein the material machining system is a

laser machining system.
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Identify One or More Safety Zones Through
Positional Coordinates in Reference CAD Model

66

Identify One or More Fiducial Alignment
Reference Points in CAD Model Coordinates

90

Create Application Data File Including
Reference Fiducial Alignment Points and Safety
Zones in CAD Coordinates

100

Utilize Machine Vision System to Identify Same
Fiducial Points in Laser Machining System in
Machine Specific Coordinate System

120

Compare Determined Fiducial Alignment Points
in Machine Specific Coordinates to Reference
Fiducial Points in Reference CAD Coordinates

140

Determine Appropriate Coordinate
Transformation to Convert Safety Zone
Reference CAD Coordinate Data to Machine
Specific Coordinates

150
FIG. 1

Convert Each CAD Safety Zone Boundaries to
Machine-Specific Coordinate System

Import Safety Zones into Laser Machine Cutting
Program
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