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PROTOCOL-BASED INSPECTION SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of U.S. Provisional Patent
Application 61/451,035, filed March 9, 2011, and is incorporated herein by
reference. This application also incorporates by reference, in their entirety, the
following concurrently filed applications: INTELLIGENT AIRFOIL COMPONENT
SURFACE IMAGING INSPECTION, docket number RORO-1728, serial number

; INTELLIGENT AIRFOIL COMPONENT GRAIN DEFECT

INSPECTION, docket number RORO-1729, serial number X

INTELLIGENT AIRFOIL COMPONENT SURFACE INSPECTION, docket

number RORO-1730, serial number : AUTOMATED OBJECT

MANIPULATION SYSTEM, docket number RORO-1986, serial number

; and ILLUMINATION SYSTEM WITH ILLUMINATION SHIELD,

docket number RORO-1988, serial number

TECHNICAL FIELD
The present invention generally relates to inspection systems, and more

particularly, but not exclusively, to a protocol-based inspection system.

BACKGROUND
Present approaches to inspection systems suffer from a variety of

drawbacks, limitations, disadvantages and problems including those respecting
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repeatability, adaptability and others. There is a need for the unique and

inventive protocol-based surface inspection apparatuses, systems and methods

disclosed herein.
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SUMMARY
One embodiment of the present invention is a unique protocol-based
inspection system. Other embodiments include apparatuses, systems, devices,
hardware, methods, and combinations for a protocol-based inspection. Further
embodiments, forms, features, aspects, benefits, and advantages of the present

application shall become apparent from the description and figures provided

herewith.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a schematic of an embodiment of an inspection system of the
present application.

Figure 2 is an illustration of a graphical user interface of an embodiment of
an inspection system of the present application.

Figure 3 is a process flow diagram of an embodiment of an inspection
process of the present application.

Figure 4 is a schematic diagram of an embodiment of a component of an
inspection system.

Figure 5 is a process flow diagram of embodiment software of an

inspection system of the present application.
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DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to the embodiments illustrated in the
drawings and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the invention is
thereby intended. Any alterations and further modifications in the described
embodiments, and any further applications of the principles of the invention as
described herein are contemplated as would normally occur to one skilled in the
art to which the invention relates.

With respect to Figure 1, an embodiment of an intelligent automated visual
inspection system 100 is disclosed which is capable of acquiring and processing
images of components such as, but not limited to, engine components such as
airfoils of gas turbine assemblies. The embodiment of inspection system 100 as
shown in Figure 1 includes an illumination system 110, an imaging system 120, a
manipulation system 130, a user interface 140, an inspection processor 150, and
an image library 160.

An illumination system such as system 110 can include a source of
radiance to be directed toward a component C under inspection. The radiance
can be reflected by the surface of component C and detected by imaging system
120. Radiance type can include various wavelengths in the electromagnetic
spectrum including but not limited to the visible spectrum, ultraviolet light, near
infrared, and x-rays. The source of radiance can include a laser, a discharge

tube and the like. In one embodiment, an imaging system can be a camera
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utilizing a conventional light or other electromagnetic radiation type such as x-
ray, ultraviolet, fluorescent and the like. An embodiment of manipulation system
130 can include a robotic part manipulator and positioning algorithms to provide
predetermined part presentation and positioning during an inspection process.

User interface 140 includes an interface having parameters within
modules to be selected by a user in determining a set of inspection protocols.
The inspection protocols can provide control of illumination system 110, imaging
system 120 and manipulation system 130 to produce an acquired image of
component C under inspection. The acquired image can be analyzed by
inspection processor 150. The inspection protocols can further be applied to the
analysis of the acquired image. In another embodiment, the analysis includes
referencing image library 160.

Inspection system 100 can be used to analyze and determine
characteristics or manufacturing flaws in components being inspected. In one
embodiment, inspection system 100 is a protocol-based visual inspection system
with image processing algorithms and techniques implemented in system
software. A system of such an embodiment can offer intuitive and easy-to-use
interfaces to develop visual inspection procedures of components. In some
forms, inspection system 100 can be used without writing lines of programming
code. An inspection system of another embodiment of the present application is
fully automated, adaptive, and customizable to perform complex visual inspection
comparable to that of a human inspector. The protocol-based system of yet

another embodiment can have a built-in capability to simultaneously facilitate
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automated control of the visual inspection system including the accompanying
illumination, imaging, and component manipulation systems.

An inspection system of one embodiment can have a protocol-based
development technique which follows an interactive process. Through a process
such as the one found in this embodiment of the present application, inspectors
can fine tune the inspection system control parameters to achieve the inspection
of components to various degrees of requirements, yet within an acceptable
margin recommended by the Engineering Inspection Standards (EIS) among
other potential standards, targets, goods, etc. The system protocols of this
embodiment can have built-in memory where detected component features or
flaws can be registered as a historical representation of previously detected
manufacturing imperfections. As such, a component designer can view a surface
map of previously encountered manufacturing features, trouble shoot the cause
of the features and revise the design and/or the manufacturing processes which
potentially may be causing such component imperfections.

With respect to Figure 2, one embodiment of an inspection system'’s
graphical user interface (GUI) for development of inspection protocols is
illustrated. The description that follows is an example of a manner of interacting
with a GUI and configuring and/or executing an inspection protocol. It will be
appreciated that any number of variations in the GUI, in protocol development
and execution, etc. are contemplated herein. Furthermore, additional or fewer
GUI options, combinations of features used in the GUI, etc, than those described

herein are contemplated.
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In some forms, code programming is not required for development of the
protocols. In one embodiment, an inspection protocol is interactively designed to
meet a selected inspection requirement with inspection protocol development
tools selected in an inspection protocol module 215. A user designs a protocol
by selecting a series of available inspection options in an inspection setup
requirement module 205 and by defining four inspection parameters in an
inspection process control parameters module 210 including: contrast strength,
border strength, edge strength, and noise strength. In one embodiment, an
inspection protocol is interactively designed to meet a selected inspection
requirement with inspection protocol development tools selected in an inspection
protocol module 215. In a further embodiment, an inspection of a component
can consist of individual protocols to be executed during the inspection process
one by one in the order they are constructed.

As demonstrated in Figure 2, an exemplary inspection system in one
embodiment can further allow the user to select inspection regions of
components with a designated component regions module 220 consistent with
the specified EIS requirements in an EIS specification requirements module 240.
In a further embodiment, per protocol, the user can specify the section of a
component to be inspected in a component section inspection module 230
according to component linguistic terminology. The exemplary inspection system
protocol development GUI shown in Figure 2 can allow the user to specify
surface conditions of components being inspected with an intrinsic surface

conditions module 250. A still further embodiment can allow the user to control
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parameters enabling synchronization of inspection sub-components including,
but not limited to, illumination, imaging, and component manipulation systems.
For example, the embodiments of the inspection systems and associated
systems described herein can be used to control the illumination system, camera
parameters, and component manipulators together, either concurrently or in a
controlled sequence, with minimal to no additional interaction from an operator.

Figure 3 illustrates a flow chart representing steps for an automated
inspection process 300 that can be done through an embodiment of a GUI, for
example an embodiment that is disclosed herein. Inspection process 300 is
shown as initiating with operation 305 which develops the inspection protocol. A
designed inspection protocol of one embodiment can control the illumination
system, the imaging parameters, and the component manipulation system in
response to the inspection protocol. Built-in communication capabilities of an
inspection system of an embodiment of the present application can facilitate
synchronization of inspection hardware and software.

Following operation 305 is operation 310 which is an image acquisition
operation accessing an imaging parameters module 312, an illumination
parameters module 314, a component manipulation requirements module 316
and an image depository requirement module 318. An imaging system operating
under imaging parameters module 312 can be a camera utilizing a conventional
light or other electromagnetic radiation type such as x-ray, ultraviolet, fluorescent
and the like. lllumination parameters module 314 can correspond with the

technology of imaging parameters module 312. Component manipulation
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requirements module 316 can include manual, automated, or semi-automated
instructions and controls to manipulate a component during inspection. In a
specific embodiment, automated component manipulation controls can be
determined in response to a component identification process. The identification
process can be integrated with image depository requirement module 318.

Upon acquisition of the component image, inspection process 300
performs steps to segment the background from the foreground and component
in operation 320 shown as following operation 310. Operation 320 is a feature
extraction process including an image segmentation module 322, a feature
vector formation module 324, a feature vector clustering module 326 and a weak
feature pruning module 328. Separately or in combination, modules 322, 324,
326 and 328 of feature extraction operation 320 can identify and remove
segments of the component image acquired in operation 310 deemed
unnecessary or periphery. In various embodiments, removal of these segments
allows an image with sharper edges for edge detection analysis or smooth
shading for defect detection analysis, for example. Once segmented in feature
extraction of operation 320, the image background information can be ignored.

In yet a further embodiment, the ability to include and exclude certain
features of the component C can also be provided. For example, the GUI
described above can include, or alternative take the form of, a mask construction
GUI that permits an operator to mask a specific region of the component C. A
polygon mask can be used in some forms and can have any geometrical shape

useful to identify certain areas of the component C. The GUI can also permit an

10
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operator to import and export masks associated with an inspection protocol. The
features available to the operator can permit the mask to be translated, rotated,
expanded, shrunk, etc to identify certain areas. In some forms one or more
vertices of a polygon mask can be manipulated through the GUL Two types of
masks can be used in the various embodiments of the system described herein.
An “Include Mask” and an “Exclude Mask” can be used. The Include Mask can
enclose a section of the component C that is subjected to inspection, while the
Exclude Mack can define sections of the component C that should be excluded
from inspection. In some forms one Include Mask and one Exclude mask are
permitted for any given protocol.

Upon segmentation of the foreground including the component subject to
inspection from the background, defective regions can be determined in defect
detection and validation operation 330. Defects can include burrs, nicks, marks,
scores, pitting, dents, and visible cracks to name a few. Operation 330 includes
a defect spatial registration module 332 and a defect verification checks module
334. Defect spatial registration module 332 can, for example, in one
embodiment provide location information of a determined defect by coordinating
with a component manipulation system. The spatial information can be used to
communicate the location of the detected defect to a user. Defect verification
checks module 334 can operate to provide information regarding characterization
of a defect such as, but not limited to, the severity and type of defect detected.
Defect verification checks module 334 can provide this characterization

information to the next operation.

11
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Operation 340 is shown following operation 330 and is a defect
characterization operation including quantitative and qualitative analysis.
Operation 340 applies a defect statistical data measurement module 342 to
define geometrical properties of an identified defective area. In one embodiment,
fuzzy logic analysis can be applied in one or more portions of the inspection
process 300. The qualitative judgment can provide an indication of the
acceptability of a component with a defect according to the inspection standards
being applied. Furthermore, each defective area can be characterized based on
both quantitative and qualitative measures with the application of a defect
severity assessment module 344 and a defect distribution assessment module
346. Severity and distribution assessment can provide information relevant to
determining a cause for the detected defects in addition to contributing to
decisions regarding acceptability of a component.

In operation 350, defect reasoning and decision making, inspection
process 300 can use an analysis technique to perform defect condition reasoning
with respect to the inspection engineering standards and an image library. Fuzzy
logic analysis can be applied in operation 350. With the assessment of
operation 350, a recommendation can be made for passing, recalling, or rejecting
the inspected component in decision making module 352 and a report can be
generated in report generation module 354.

Figure 4 illustrates an embodiment of functional components with an
inspection processor 450 of an inspection system 400. Inspection processor 450

is represented as a single component containing hardware capable of performing

12
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various functions. Each function can be located on a separate piece of hardware
and can be one of several hardware varieties available and arranged by one
skilled in the art. Processor 450 can also include one or more microprocessors
where in one embodiment a single microprocessor can provide the function of
each module or separate microprocessors can be used for one or more of the
modules.

Functional components can include a graphical user interface 410, a
component manipulation syétem interface 420, an imaging system interface 425,
an image processing library 430 and an inspection preference interface 440. In
various embodiments, image processing library is capable of providing images
for identification, verification and assessment of images acquired from a
component under inspection. Further, image processing library is capable of
storing acquired images for application in subsequent image analysis. In one
embodiment, component manipulation system interface 420 provides a
communication interface to a manipulation system. In some forms the system
420 can be used to pass information from a manipulation programs module 421
when positioning a component. Manipulation programs module 421 can provide
instructions for manipulating a component during an inspection process.
Manipulation programs module 421 can also assess an object to determine the
instructions to be applied when manipulating the component.

Imaging system interface 425 provides a communication interface to a
imaging system. In some forms the system 425 can be used to pass information

from an image calibration settings module 426 when acquiring an image of the

13
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component. Image calibration settings module 426 can provide assessment and
control of the imaging system to ensure consistent performance. In one form,
component manipulation system interface 420 can be a communication interface.
In an alternative and/or additional form, imaging system interface 425 can be a
communication interface.

In the embodiment shown in Figure 4, inspection processor 450 is shown
with a technique module 460, a protocol module 470 and an inspection tool
module 480. Technique module 460 can include protocol based inspection 462,
quantitative characterization 464, and fuzzy logic qualitative reasoning 466.
These techniques can be applied during image analysis. Protocol module 470
can include design standards 472, inspection requirements 474, and protocol
designs 476 selected with a user interface to provide parameters for the
inspection process. Inspection tool module 480 can include post-inspection
analysis 482, defect training 484, and results recording 486. Module 480 can
operate in coordination with image processing library 430 to store products of
inspection tool module 480. Inspection system 400 can also provide a
component quality report 490 with status such as pass, reject, repair and recall,
for example.

In another embodiment, an inspection system of one embodiment includes
a defect training module. The inspection system supports an interactive process
by which an inspector can train the inspection system to detect certain defect
conditions. In one particular embodiment, the inspector can train the system with

two different types of defects including Positive and Negative defects. Each

14
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defect category can be associated with a relative scaling factor of low, medium or
large on a qualitative basis. Furthermore, the training can be used to specify the
identified defect either as a “pass”, a “reject”, or a “rework” defective class. The
system can maintain a library of inspection information such as a surface defect
database. In one form, the library can contain hundreds of different surface
conditions. The inspection library can be referenced when performing calculated
assessments and intelligent reasoning about the condition of observed defects.

In yet another embodiment, an inspection system can support utilities for
registering and displaying complete airfoil surface defect maps. The exemplary
system can allow an inspector to view a substantially 360 degree surface defect
map of inspected airfoil models. The inspection system can register and
maintain spatial locations of defects in a traceable quad-tree format. The
inspection system can also be capable of displaying historical inspection
occurrence maps to allow the i‘nspector to correlate defects with other input
factors such as design and manufacturing parameters.

Figure 5 illustrates a process flow chart of one embodiment of the system
software of an inspection process 900. Inspection process 900 as shown
includes image acquisition 300 and quality verification 400 with comparison to a
library of images 800 for inspection. In one embodiment, quality verification 400
can include modifying the image acquired to provide an image with edge strength
for example. In another example, illumination can be adjusted to produce a
specified image quality or the image can be segmented and background images

can be removed. Image inspection 500 can provide an indication whether a

15
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component under inspection includes anomalies and irregularities in reference to
images from library of images 800. In condition assessment 600, analysis of
negative and positive imperfection and anomaly detections can be conducted
using various techniques including model based, cognitive characterization and
fuzzy logic. A report generator 700 can produce a report regarding the results of
the various analysis techniques which can be made available to indicate
component quality acceptability.

One aspect of the present application is a system including an illumination
system; an imaging system; a manipulation system; a user interface capable of
providing a set of inspection protocols for acquiring an acquired image with the
illumination system, the imaging system and the manipulation system; an image
library; and a processor capable of analyzing the acquired image in response to
the set of inspection protocols and the image library where the set of inspection
protocols can be capable of operating simultaneously to facilitate automated
control of at least one of the illumination system, the imaging system, and the
manipulation system.

Features of this aspect include the manipulation system being further
capable of applying a predetermined manipulation program in response to the
acquired image; the imaging system further having a set of camera calibrations
for acquiring the acquired image and storing a set of analysis results from the
analysis of the acquired image; the processor being further capable of
evaluating the acquired image to identify a component being analyzed and

identifying at least one segment of the acquired image, determining a feature
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strength of the at least one segment, and modifying the at least one segment of
the acquired image in response to the feature strength; and the processor being
structured to further include a technique module, a protocol module, and an
inspection module.

Another aspect of this application is a method including the steps of
developing a inspection protocol with a graphical user interface; allowing
synchronization of a set of analysis operations in response to the inspection
protocol; acquiring a component image of at least a portion of a component;
extracting at least one image feature from the component image; characterizing a
surface feature from the component image; and determining a quality
assessment in response to characterizing the surface feature. Features of this
aspect can include generating a report in response to the quality assessment;
generating a historical representation of the surface feature; determining a cause
for the surface feature; and modifying at least one of a set of design parameters
and a set of manufacturing process parameters in response to the cause for the
surface feature.

Further features can include developing the inspection protocol by
selecting a series of available inspection options and defining a set of inspection
parameters including at least one of contrast strength, border strength, edge
strength, and noise strength; allowing synchronization of the set of analysis
operations with an illumination operation, a manipulation operation and a
detection operation; acquiring the component image by applying an illumination

operation, a manipulation operation, and a detection operation to the component
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and applying a storage operation to the component image and specifying an
inspection region of the component; determining the manipulation operation of
the component in response to acquiring the component image; characterizing the
surface feature by applying a statistical data measurement, a defect severity
assessment and a defect distribution assessment and applying a fuzzy logic
analysis; determining the quality assessment further includes selecting at least
one of a pass grade, a reject grade, and a repair grade.

Yet another aspect of the present application provides a system
comp;ising an illumination source capable of providing an electromagnetic
illumination of an engine component, an imaging system structured to capture
illumination of the engine component, a component manipulation system
structured to position the engine component in a variety of orientations relative to
one of the illumination source and the imaging system, a computer based user
interface capable of identifying an inspection protocol defined to acquire an
image of the engine component at the variety of positions using the illumination
system, the imaging system and the component manipulation system, and a
processor configured to process the inspection protocol for the purposes of
analyzing the acquired image in response to the inspection protocol.

Further features include wherein the user interface is configured to provide
a plurality of inspection protocol attributes capable of being selected by an
operator; wherein the plurality of inspection protocol attributes includes one of
image settings, lighting settings, and component features; wherein the plurality of

inspection protocol attributes includes a masking feature to be applied to the
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acquired image; wherein the user interface permits a selection of a predefined
inspection protocol; wherein the user interface is capable of building an
inspection protocol that can be saved and re-used at a later inspection activity;
an image library that can be referenced as a result of an inspection protocol, the
image library providing a reference for determination of component inspection;
wherein the processor is capable of performing fuzzy analysis instructions to
assess a defect in the engine component; and wherein the set of inspection
protocols is further capable of being synchronized to facilitate automated control
of at least one of the illumination source, the imaging system, and the component
manipulation system.

Still yet another aspect of the present application provides a method
comprising developing an inspection protocol of an article of inspection with a
graphical user interface, the developing including: setting an image parameter
including one of contrast, brightness, and noise, selecting a protocol option
including one of removing a background, labeling a flaw, detecting an edge, and
applying a mask, identifying a location of the component to be evaluated, as a
result of the developing, launching the inspection protocol, and synchronizing a
component illumination, image acquisition, and a component manipulation in
operative communication with a processor that receives information from the
developing.

Still further features of the present application provide wherein the
developing is the result of loading an inspection protocol from a predefined

protocol, wherein the developing includes repeating the developing after the
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synchronizing prior to storing the inspection protocol. Other features further
include evaluating a data produced from an inspection after the synchronizing.
Still other features of the present application provide wherein the evaluating
includes conducting a fuzzy logic analysis to produce an output, wherein the
developing further includes applying a mask to an image provided by the image
acquisition. Yet further features includes generating a report that describes the
result of the inspection. Still other features further include determining at least
one of a pass grade, a reject grade, and a repair grade prior to the generating.
Still other features further include interfacing with a historical library and
comparing an inspection conclusion of pass/fail as a result of the synchronizing
with the historical library. Still another feature includes wherein the component
manipulation includes placing the article of inspection in a variety of positions in
which an image is acquired of the article of inspection.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, the same is to be considered as illustrative
and not restrictive in character, it being understood that only the preferred
embodiments have been shown and described and that all changes and
modifications that come within the spirit of the inventions are desired to be
protected. It should be understood that while the use of words such as
preferable, preferably, preferred or more preferred utilized in the description
above indicate that the feature so described may be more desirable, it
nonetheless may not be necessary and embodiments lacking the same may be

contemplated as within the scope of the invention, the scope being defined by
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the claims that follow. In reading the claims, it is intended that when words such
as “a,” “an,” “at least one,” or “at least one portion” are used there is no intention
to limit the claim to only one item unless specifically stated to the contrary in the
claim. When the language “at least a portion” and/or “a portion” is used the item

can include a portion and/or the entire item unless specifically stated to the

contrary.
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CLAIMS
WHAT IS CLAIMED IS:
1. A system comprising:

an illumination source capable of providing an electromagnetic illumination
of an engine component;

an imaging system structured to capture illumination of the engine
component,

a component manipulation system structured to position the engine
component in a variety of orientations relative to one of the illumination source
and the imaging system;

a computer based user interface capable of identifying an inspection
protocol defined to acquire an image of the engine component at the variety of
positions using the illumination system, the imaging system and the component
manipulation system; and

a processor configured to process the inspection protocol for the purposes

of analyzing the acquired image in response to the inspection protocol.

2. The system of claim 1, wherein the user interface is configured to provide

a plurality of inspection protocol attributes capable of being selected by an

operator.

22
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3. The system of claim 2, wherein the plurality of inspection protocol
attributes includes one of image settings, lighting settings, and component

features.

4, The system of claim 2, wherein the plurality of inspection protocol

attributes includes a masking feature to be applied to the acquired image.

5. The system of claim 1, wherein the user interface permits a selection of a

predefined inspection protocol.

6. The system of claim 2, wherein the user interface is capable of building an

inspection protocol that can be saved and re-used at a later inspection activity.
7. The system of claim 6, which further includes an image library that can be
referenced as a result of an inspection protocol, the image library providing a

reference for determination of component inspection.

8. The system of claim 7, wherein the processor is capable of performing

fuzzy analysis instructions to assess a defect in the engine component.

9. The system of claim 8, wherein the set of inspection protocols is further

capable of being synchronized to facilitate automated control of at least one of

23
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the illumination source, the imaging system, and the component manipulation

system.

10. A method comprising:
developing an inspection protocol of an article of inspection with a
graphical user interface, the developing including:
setting an image parameter including one of contrast, brightness,
and noise;
selecting a protocol option including one of removing a background,
labeling a flaw, detecting an edge, and applying a mask;
identifying a location of the component to be evaluated,;
as a result of the developing, launching the inspection protocol; and
synchronizing a component illumination, image acquisition, and a
component manipulation in operative communication with a processor that

receives information from the developing.

11.  The method of claim 10, wherein the developing is the resuit of loading an

inspection protocol from a predefined protocol.

12.  The method of claim 10, wherein the developing includes repeating the

developing after the synchronizing prior to storing the inspection protocol.
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13.  The method of claim 10, which further includes evaluating a data

produced from an inspection after the synchronizing.

14.  The method of claim 13, wherein the evaluating includes conducting a

fuzzy logic analysis to produce an output.

15.  The method of claim 10, wherein the developing further includes applying

a mask to an image provided by the image acquisition.

16.  The method of claim 10, which further includes generating a report that

describes the result of the inspection.

17.  The method of claim 16, which further includes determining at least one of

a pass grade, a reject grade, and a repair grade prior to the generating.

18.  The method of claim 10, which further includes interfacing with a historical
library and comparing an inspection conclusion of pass/fail as a result of the

synchronizing with the historical library.

19.  The method of claim 10, wherein the component manipulation includes

placing the article of inspection in a variety of positions in which an image is

acquired of the article of inspection.
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