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(57) Abstract: Approaches are provided for an apparatus having an interface, a memory, a display device, and a processor. The
memory store a first case data structure having a first content field and a second case data structure having a second content field
with a selection command. The processor receives via an input of the interface a selection of the selection command. In response to
receiving the selection, the processor automatically populates content of the first content field of the first case data structure with a
content of the second content field of the second case data structure.
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METHOD AND APPARATUS FOR MANGAGING INFORMATION ACROSS LIKE-

CASES
Background
Technical Field
[0001] The subject matter disclosed herein generally relates to managing information

across like-cases. More specifically, the subject matter relates to populating characteristics
from prior like-cases to a given case. More specifically, the subject matter relates to
populating characteristics of prior like-cases having similar problem type characteristics and

related machine type characteristics as compared to a given case.

Brief Description of the Related Art

[0002] In industrial operations, industrial machines and systems are monitored to
ensure proper operation and/or detect anomalies which may arise. Remote Monitoring &
Diagnostic (M&D) approaches often include personnel at one location communicating with
personnel at an operating site located at a separate, geographically remote location. The
M&D personnel view information related to industrial machines or systems located at the

operating site.

[0003] During operation, problems oftentimes occur which may warrant an operator
or maintenance engineer’s involvement. Using known information related to the industrial
machine or system, M&D personnel provide recommendations to personnel at the operating

site.

[0004] In some occasions, similar problems have previously occurred on a given
industrial machine or a similar industrial machine. M&D personnel in some instances are
unable to view and consider prior cases involving the same or similar machine, or the same or
similar problem. Even in instances where M&D personnel are able to view and consider prior
cases, the personnel are often unable to efficiently correlate relevant characteristics of prior
cases involving the same or similar machine, or the same or similar problem, with a current

case.



WO 2017/165307 PCT/US2017/023237

[0005] The above-mentioned problems have resulted in some user dissatisfaction with
previous approaches, inefficient case resolution, and sub-optimal application of remote

monitoring and diagnostic approaches.

Brief Description of the Disclosure

[0006] The approaches described herein provide for populating information across
multiple case data structures. The multiple case data structures have common characteristics
relating to problems associated with industrial machines or systems. Approaches discussed
herein provide for population of information from at least one prior case data structure to a
current case data structure, where the prior cases have at least one characteristic common
with the current case (such as a characteristic associated with a problematic industrial
machine or system). Approaches also provide for linking a current case with one or more

prior cases.

[0007] In many of these embodiments, an apparatus includes a memory device. The
memory device stores a first case data structure and a second case data structures. The first
case data structure includes a first content field representing characteristics of a first case
associated with a first abnormality detected in a first industrial machine or system. The
second case data structure includes a second content field representing characteristics of a
second case associated with a second abnormality detected in a second industrial machine or

system. The second content field also includes a selection command.

[0008] In some approaches, the first industrial machine or system is the same as the
second industrial machine or system. In other approaches the first industrial machine or
system is physically distinct from the second industrial machine or system, but they share

some common characteristics.

[0009] The apparatus further includes an interface including an input. The apparatus

also includes a display device configured to display at least the second case data structure.

[0010] The apparatus also includes a processor. The processor is coupled to the
memory device, the interface, and the display device. The processor is configured to receive

via the input of the interface a selection of the selection command. In response to receiving
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the selection, the processor is configured to automatically populate the first content field of
the first case data structure with a content of the second content field of the second case data

structure.

[0011] In one approach, in response to receiving the selection, the processor is further
configured provide an indicator that the first content field of the first case data structure has
been populated. The indicator is stored in the first content field of the first case data structure
of the memory. In some approaches, the indicator includes a visual indication. The visual

indication is displayed at the displayed device.

[0012] In some approaches, the indicator includes a link to the second content field of
the second case data structure. The link is stored in the first content field of the first case data

structure of the memory.

[0013] In another aspect, a method includes storing a first case data structure in a
memory device. The first case data structure includes a first content field representing
characteristics of a first case associated with a first abnormality detected in a first industrial

machine or system.

[0014] The method further includes storing a second case data structure in the
memory device. The second case data structure includes a second content field representing
characteristics of a second case associated with a second abnormality detected in a second

industrial machine or system. The second content field includes a selection command.

[0015] In some approaches, the first industrial machine or system is the same as the
second industrial machine or system. In other approaches the first industrial machine or

system is different than the second industrial machine or system.

[0016] The method further includes displaying at least the second case data structure
at a display device. The method further includes selecting the selection command. The
method further includes, in response to the selecting, automatically populating the first
content field of the first case data structure with a content of the second content field of the

second case data structure.

[0017] In some aspects, the method further includes, in response to the selecting,

providing an indicator that the first content field of the first case data structure has been
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populated. The method further includes storing the indicator in the first content field of the
first case data structure of the memory device. In some approaches, the indicator includes a

visual indication displayed at the display device.

[0018] In some approaches, the method further includes storing a link to the second
content field of the second case data structure in the first content field of the first case data

structure of the memory device.

Brief Description of the Drawings

[0019] For a more complete understanding of the disclosure, reference should be

made to the following detailed description and accompanying drawings wherein:

[0020] FIG. 1 comprises an illustration of an informational flow chart for providing
information relating to industrial machines or systems according to various embodiments of

the present invention;

[0021] FIG. 2 comprises a block diagram illustrating an exemplary case data structure
for managing information relating to industrial machines or systems according to various

embodiments of the present invention;

[0022] FIG. 3 comprises a block diagram illustrating exemplary case data structures
for managing information relating to industrial machines or systems according to various

embodiments of the present invention;

[0023] FIG. 4 comprises a block diagram illustrating an exemplary apparatus for
managing information relating to industrial machines or systems according to various

embodiments of the present invention; and

[0024] FIG. 5 comprises an operational flow chart illustrating an approach for case

management according to various embodiments of the present invention.

[0025] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity. It will further be appreciated that certain actions and/or steps may be
described or depicted in a particular order of occurrence while those skilled in the art will

understand that such specificity with respect to sequence is not actually required. It will also
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be understood that the terms and expressions used herein have the ordinary meaning as is
accorded to such terms and expressions with respect to their corresponding respective areas

of inquiry and study except where specific meanings have otherwise been set forth herein.

Detailed Description of the Disclosure

[0026] Referring now to FIG. 1, a system 100 for monitoring industrial machines
includes an operating site 110, optionally, a data center 120, and a central monitoring center
130. The operating site 110 includes one or more industrial machines, equipment, or systems
of industrial machines or equipment 112. Examples of industrial machines 112 monitored in
system 100 include aircraft machinery (e.g., turbine engines), marine machinery, mining
machinery, oil machinery, gas machinery, health care machinery, telecom machinery, to

mention a few examples. Other examples are possible.

[0027] Industrial machine 112 is operably connected to a local computing device 114
such that the computing device 114 receives or obtains information from the industrial
machine 112. The computing device 114 may be continuously connected to the industrial
machine 112, or may be removably connected to the industrial machine 112. In one approach,
the computing device 114 is located at the operating site 110. In other approaches, the

computing device 114 is instead located remotely from the industrial machine 112.

[0028] Information received at the computing device 114 from the industrial machine
112 includes operational characteristics of the industrial machine 112. Operational
characteristics may include a measured temperature, a measured vibration, a measured
pressured, a calculated efficiency, a structural defect, a lifespan of machine, a machine

history, and/or a detected position shift. Other examples are possible.

[0029] The computing device 114 may be any type of hardware device such as a
personal computer, a tablet, a cellular telephone, and/or a personal digital assistant. Other
examples are possible. The computing device 114 may include a processor, an interface (e.g.,
a computer based program and/or hardware) having an input (which may also include a user
input) and an output, a memory, and a display device (e.g., a screen or a graphical user
interface which allows for a visualization to be made). In this way, a user of the computing

device 114 is able to observe information at the computing device 114 (such as operational



WO 2017/165307 PCT/US2017/023237

characteristics of the industrial machine 112), input information into the computing device
114, send information from the computing device 114 to a remote device (such as at the data
center 120 or the central monitoring center 130), and receive information from a remote
device. The computer device 114 may be configured to run specific software applications,

such as a historian.

[0030] The computing device 114 is operably connected to a data storage module
116. The data storage module 116 includes a memory for short- and/or long-term storage of
information received from the computing device 114. Examples of information received and
stored at the data storage module 116 include historical information relating to the industrial
machine 112, or information received at the computing device from a remote device (such as

at the data center 120 or the central monitoring center 130).

[0031] The optional data center 120 is in communication with the operating site 110
(preferably, with the computing device 114 at the operating site) such that the data center 120
can send and/or receive information pertaining to one or more industrial machines 112
located at the operating site 110. The data center 120 maybe located at the operating site 110,
at the central monitoring center 130, or in a location geographically remote from the
operating site 110 and the central monitoring center 130. In one approach, the data center 120

is disposed on a cloud based network.

[0032] The data center 120 includes one or more data storage modules 122 having
corresponding memories. The data center 120 may also include one or more computing
devices 124 that include a processor, an interface having an input (which may include a user
input) and an output, a memory, and a display device (e.g., a screen or a graphical user
interface which allows for a visualization to be made). Various applications may be
performed at the data center 120, including analytic modeling, anomaly detection, and/or

calculations of key performance indicators.

[0033] The central monitoring center 130 includes a computing device 132 that is in
communication with the data center 120 such that the central monitoring center 130 can send
and/or receive information pertaining to one or more industrial machines 112 located at the
operating site 110. Alternatively, the central monitoring center 130 is in communication with

the operating site 110 (preferably, with the computing device 114 at the operating site) such
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that the central monitoring center 130 can send and/or receive information pertaining to one

or more industrial machines 112 located at the operating site 110.

[0034] In one example of the operation of the system of 100 of FIG. 1, when an
anomaly, abnormality, or incident is detected in an industrial machine or system (such as
machine 112), a case data structure, discussed in greater detail elsewhere herein, associated
with the case is created. As used herein, a “case” is associated with an anomaly, an
abnormality, or an incident detected in an industrial machine or system, and a “case data
structure” includes a data structure that represents a compilation of characteristics of the case.
In one approach, the case data structure is generated by personnel at the central monitoring
center 130. In another approach, the case data structure is generated at a local computing
device (e.g., local computing device 114 at the operating site 110). In either approach, a user
may link evidence, expert interpretation associated with the evidence, metadata describing
the particular nature of the industrial machine at issue, and/or other relevant information such
that a visual aid is created. When a case is resolved, the case data structure is stored in a
memory (e.g., in data storage modules 122 at data center 120, or in computing device 132 at

the remote monitoring center 130).

[0035] As discussed in greater detail elsewhere herein, the computing device 132
includes a memory configured to store a first case data structure and a second case data
structure. The first case data structure corresponds to a current, unresolved, and/or open case.
The first case data structure includes a first content field representing characteristics of a first
case associated with a first abnormality detected in a first industrial machine or system. The
second case data structure corresponds to a prior, resolved, and/or closed case. The second
case data structure includes a second content field representing characteristics of a second
case associated with a second abnormality detected in a second industrial machine or system.

The second content field also includes a selection command.

[0036] The computing device 132 displays the second case data structure at a display
of the computing device 132. A user at the remote data center 130 views the second case data
structure to determine whether any information of the second case data structure is helpful or
otherwise relevant to the first case data structure. If so, the user selects (for example, using a

mouse cursor) the selection command of the second content field of the second case data

structure. In response to receiving the selection, the computing device 132 automatically
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populates the first content field of the first case data structure with a content of the second

content field of the second case data structure.

[0037] An example case data structure 200 is shown in FIG. 2. The case data structure
200 may include an evidence field 202 with evidence. The evidence includes information
associated with the anomaly and/or the industrial machine 112. For example, the evidence
associated with the industrial machine or system may include: a measured temperature, a
measured vibration, a measured pressured, a calculated efficiency, a structural defect, a
lifespan of machine, a machine history, and/or a detected position shift. The evidence may be

in the form of advisories, alarms, charts, or reports.

[0038] The case data structure 200 may also include an interpretation field 204 with
one or more interpretations. The interpretation includes a user determined condition based at
least in part on the evidence. For example, the interpretation may be: a case diagnosis, a case

prognosis, a case impact, and/or a case urgency.

[0039] The interpretation field 204 may include an impact field 206 for storing an
impact value. The impact value provides an indication of a potential harm posed by the
abnormality detected in the industrial machine or system 112. For example, an assessed
impact associated with a problematic machine on an oil platform may be a given number of
barrels of lost production. If the number of barrels of lost production is relatively minor, the
impact field is assigned a low impact value. Conversely, if the number of barrels of lost

production is relatively major, the impact field is assigned a high impact value.

[0040] The interpretation field 204 further may include urgency field 208 for storing
an urgency value. The urgency value is an indication of timing associated with the potential
harm posed by the abnormality detected in the industrial machine or system. In some
approaches, the urgency value is an indication of how soon an analyst determines the
abnormality should be addressed. In other approaches, the urgency value is an indication of
how soon the harm posed by an abnormality is expected to occur. For example, if the
expected lost production for an oil platform is anticipated to occur in the relatively near
future, the urgency field is assigned a first urgency value indicative of this timing. If the
expected lost production is anticipated to occur in the relatively distant future, the urgency

field is assigned a second urgency value indicative of this timing.
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[0041] The case data structure 200 also includes a recommendation field 210 with one
or more recommendations. The recommendation includes a user determined course of action
to undertake with respect to the industrial machine or system based at least in part on the
interpretation. For example, the recommendation may be: watch, wait, manual inspection,
offline analysis, contact subject matter expert, contact original equipment manufacturer,

change operation, invasive inspection, minor maintenance, schedule work, and/or shut down.

[0042] The case data structure 200 may also include a rating field 212 for storing one
or more ratings. The rating field 212 may include an explanation field 214 for storing a rating

explanation and/or a provider field 216 for storing a rating provider.

[0043] The case data structure 200 may also include a permission field 218, a case
history field 220, and/or one or more widgets 222. The case history field 220 may include, for

example, a case outcome.

[0044] As discussed in greater detail elsewhere herein, the various content fields are

provided with a selection command.

[0045] The case data structure 200 is structured so as to allow a user to provide
updates to the case, to evidence relating to the case, to their expert interpretation as to the
meaning and implication of the evidence (that is, what the issue might be, and what to do
about it at a particular time), and to their recommendation regarding actions to be taken.
Additional abnormalities which may occur prior to or after the creation of the case data
structure 200 may also be linked to the created case data structure 200. Ancillary capabilities
such as collaboration, workflow with assignment/request timers, analytic escalation
notifications, and other constructs can be input and stored in the case data structure 200. That

is, whatever data structure is used, the case data structure 200 is easily modified.

[0046] The information contained in a case data structure 200 may be used to assist
analysts in ascertaining a solution to the present case. Furthermore, assessment of prior case
data structures associated with prior cases often provides valuable insight into the resolution
of a present case involving the same or similar industrial machines or system. For example,
assessment of a prior case data structure may be used in subsequent cases to better aid
analysts in providing recommendations that have historically been shown to be effective. In

this regard, selections of fields of a prior case data structure may be linked to a current case
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data structure. Selections of fields of a prior case data structure may also be used to populate

fields of a current case data structure.

[0047] With reference to FIG. 3, a first case data structure 300 corresponds to a case
associated with an anomaly, an abnormality, or an incident detected in an industrial machine
or system. In a preferred approach, the first case data structure 300 corresponds to a current,
unresolved, and/or open case. For example, the current case may relate to anomalies detected
at a gas turbine at operating site 110, where the cause of the anomalies is currently unknown.
The first case data structure 300 includes a data structure that represents a compilation of
characteristics of the current case, and preferably includes one or more of the fields

previously discussed with respect to the case data structure 200 of FIG. 2.

[0048] A second case data structure 302 is also provided. In a preferred approach, the
second case data structure 302 corresponds to a prior, resolved, and/or closed case. For
example, the prior case may relate to anomalies detected two years ago in a gas turbine model
similar to that of the current case. Unlike the current case, the cause of the anomalies was
determined and correct. Thus, the prior case was resolved and closed. In another approach,
the second case data structure 302 corresponds to another current case, different than the first

current case of the first case data structure 300.

[0049] Similar to the first case data structure 300, the second case data structure 302
includes a data structure that represents a compilation of characteristics of the prior case, and
preferably includes one or more of the fields previously discussed with respect to the case

data structure 200 of FIG. 2.

[0050] The second case data structure 302 has at least one characteristic in common
with the first case data structure 300. In one approach, the first case data structure 300 and the
second case data structure 302 have a common machine type. The machine type may be any
type of industrial machine 112 monitored in system 100 as discussed with respect to FIG. 1,
for example, a gas turbine. In another approach, the first case data structure 300 and the
second case data structure 302 have a common problem type. The problem type may be any
type of anomaly, abnormality, or incident associated with such industrial machines, such as a
detected axial position shift. Other examples of common characteristics are possible. The
commonality may be determined automatically (e.g., by computing device 132 at the central

monitoring center 130 of FIG. 1) or may be performed manually (e.g., by an analyst at the

10
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central monitoring center 130 of FIG. 1). Various approaches may be used to determine

commonality, such as automatic or manual filtering of prior cases.

[0051] A user may view the second case data structure 302 at a computing device,
such as computing device 132 at central monitoring center 130 of FIG. 1. In some
approaches, information contained in the second case data structure 302 may be used by the
user in ascertaining a resolution to a current case. For example, a user may determine that a
prior assessed impact and recommendation provided in a prior case pertaining to an axial
position shift detected on a gas turbine is relevant to a current case involving an axial position

shift on a similar gas turbine.

[0052] In this way, approaches are provide to permit a user to select one or more
characteristics stored in the content fields of the second case data structure 302. The selected
information is then populated into corresponding content fields of the first case data structure
300. As used herein, information is “populated” in a current case data structure when it is
entered, copied, or moved into a content field of the current case data structure. In one
approach, the information is replicated from a content field of the prior case data structure
into a content field of the current case data structure. In another approach, the information
entered into the current case data structure is representative of the information from the prior
case data structure. In still another approach, the information is representative of the

existence of the prior case data structure.

[0053] In one aspect, one or more of the content fields of the second case data
structure 302 includes a user selection command that permits a user to populate the first case
data structure upon command. The user selection command may be stored as code in the
content fields of prior case data structures. The user selection command may also have a
corresponding visual user selection command. As shown in FIG. 3, the visual user selection
command may be a “+” symbol. Any suitable graphical representation may be used. The
visual user selection command allows a user to select a corresponding content field of the
second case data structure 302 as relevant to the first case data structure 300. Upon user
selection of a user selection command, information from the second case data structure 302 is
populated in the first case data structure 300. For example, a prior impact assessment in a
prior impact assessment field 304 in second case data structure 302 may be deemed by a user
to be relevant to a current case. The user is presented with a visual user selection command

306 corresponding to the information contained in the prior impact assessment field 304.

11
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Upon selection of the visual user selection command 306, information contained in the prior
impact assessment field 304 is automatically populated in corresponding current impact
assessment field 308. In another example, a prior recommendation assessment in a prior
recommendation assessment field 310 in second case data structure 302 may be deemed by a
user to be relevant to a current case. The user is presented with a visual user selection
command 312 corresponding to the information contained in the prior recommendation
assessment field 310. Upon selection of the visual user selection command 312, information
contained in the prior recommendation assessment field 310 is automatically populated in

corresponding current recommendation assessment field 314.

[0054] In some approaches, information from a second case data structure is manually
selected to be populated in a first case data structure. Such manual selection may be
performed, for example, by an analyst at central monitoring center 130 of FIG. 1. In other
approaches, information from a second case data structure is automatically selected to be
populated in a first case data structure. Such automatic selection may be performed, for
example, by the computing device 132 at central monitoring center 130 of FIG. 1. In still
other approaches, information from a second case data structure is selected to be populated in

a first case data structure through a combination of manual and automatic selections.

[0055] In another aspect, content fields of a case data structure having information
populated by content fields of another case data structure may be provided with an indicator
signifying information was populated from another case. The indicator may be stored as code
in the content fields of the case data structure. The indicator may also have a corresponding
visual indication. In the example of FIG. 3, impact assessment field 308 of the first case data
structure is provided with visual indictor 316 to indicate the impact assessment field 308 was,
at least in part, populated with information from another case data structure (e.g., prior impact
assessment field 304 of second case data structure 302). Similarly, recommendation
assessment field 314 of the current case data structure is provided with visual indictor 318 to
indicate the recommendation assessment field 314 was, at least in part, populated with
information from another case data structure (e.g., prior recommendation assessment field

310 of second case data structure 302).

[0056] In still another aspect, one or more of the indicators of a case data structure
may include a link. The link may be stored as code in the content fields of the case data

structure. The link corresponds to the prior case data structure from which the populated

12
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content originated. The link may be a hypertext link or any other approach suitable for
retrieving the prior case data structure from which the populated content originated. In one
aspect, the link is a hypertext link that, upon selection, opens the origin prior case data
structure in a new web browser. In another aspect, the origin prior case data structure is

provided in a bubble that appears when the user hovers a mouse cursor over the link.

[0057] In some aspects, a link may be provided in one or more content fields of the
first case data structure prior to, or without, a user selection of a selection command. In this
way, in response to determining the second case data structure has at least one characteristic
in common with the first case data structure (e.g., similar machine type or similar problem
type), a link may be automatically populated in a content field of the first case data structure.
Automatically populating links upon determining commonality between case data structures

permits a user to quickly access common data structures.

[0058] With reference now to FIG. 4, an apparatus 400 (such as computing device
132 of FIG. 1) includes a memory device 402. The memory may be any suitable type of
memory, including volatile or nonvolatile memories such as random access memory (RAM),
dynamic RAM (DRAM), synchronous RAM (SRAM), read only memory (ROM),
programmable ROM (PROM), erasable PROM (EPROM), electrically erasable PROM
(EEPROM), non-volatile RAM (NVRAM), flash memory, solid state drives (SSD),
embedded Multi-Media Card (eMMC). The memory device 402 stores a first case data
structure 404 and a second case data structure 406. As discussed with respect to the case data
structure 200 of FIG. 2, the case data structures 404, 406 represent characteristics of cases
associated with abnormalities detected in industrial machines or systems. The first case data
structure includes a first content field representing characteristics of a first case associated
with a first abnormality detected in a first industrial machine or system. The second case data
structure includes a second content field representing characteristics of a second case
associated with a second abnormality detected in a second industrial machine or system. In
some approaches, the first industrial machine or system is the same as the second industrial
machine or system. In other approaches the first industrial machine or system is different than

the second industrial machine or system.

[0059] The apparatus 400 further includes an interface 408 including an input 410
(which preferably includes a user input) and an output 412. The apparatus 400 also includes a

display device 414 configured to convey information to a user, such as the first case data

13
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structure 404 and/or the second case data structure 406. The display device 414 may be a
liquid crystal display screen, a light-emitting diode backlit liquid crystal display screen, or

other screen capable of conveying information.

[0060] The second content field of the second case data structure also includes a
selection command. The user selection command may also have a corresponding visual
indication for display at the display device 414. The visual indication may be, for example,
visual user selection command 306 of FIG. 3. The visual user selection command allows a
user to select a content field of the second case data structure 406 to populate information

into a corresponding content field of the first case data structure 404.

[0061] The apparatus 400 also includes a processor 416. The processor 416 is coupled
to the memory device 402, the interface 408, and the display device 414. The processor 416
is configured to receive via the input 410 of the interface 408 a selection of the selection
command. The selection may be provided, for example, through a mouse selection of the

selection command.

[0062] In response to receiving the selection, the processor 416 is configured to
populate the first content field of the first data structure 404 with a content of the second
content field of second case data structure 406. In a preferred approach, the first and second
content fields correspond to each other. Content fields are correspond when they are intended
to contain the same or similar types of information. By “populate,” and as used herein, it is
meant to associate a first software routine or module with a second one. For example, the first
software module (e.g., first case data structure 404) may include a template portion that is
replaced or augmented with information from the second software module (e.g., second case
data structure 406) upon association. In one approach, the information is replicated from the
second content field of the second data structure 406 into the first content field of the first
case data structure 404. In another approach, the information entered into the first case data
structure 404 is representative of the information from second case data structure 406. In still
another approach, the information is representative of the existence of the second case data

structure 406.

[0063] In a preferred approach, content is “automatically” populated from a content
field of a data structure to another content field of another data structure such that no

intervening user steps are necessary. Other approaches are possible.
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[0064] In one aspect, in response to receiving the selection, the processor 416 is
further configured to provide an indicator that the first content field of the first case data
structure 404 has been populated by another case data structure. The indicator is stored, for
example, as code in the first content field of the first case data structure 404 of the memory
device 402. The indicator may also have a corresponding visual indication, such as visual

indictor 316 of FIG. 3.

[0065] In some approaches, the indicator includes a link to the second content field of
the second case data structure 406. The link is stored, for example, as code in the first content
field of the first data structure 404 of the memory device 402. The link corresponds to the
second case data structure 406. The link may be a hypertext link or any other approach
suitable for retrieving the second case data structure 406 for display on the display device
414. In one aspect, the link is a hypertext link that, upon selection, opens the second case data
structure 406 in a new web browser. In another aspect, second case data structure 406 is

provided in a bubble that appears when the user hovers a mouse cursor over the link.

[0066] In another aspect, the processor 416 is further configured to receive via the
input 410 of the interface 408 a second selection of a second selection command
corresponding to a fourth content field of the second case data structure 406. In response to
receiving the second selection, the processor 416 is configured to populate information in a
third content field of the first case data structure 404. In response to receiving the second
selection, the processor 416 may further be configured provide a second indicator in the third
content field of the first case data structure 404. The second indicator is preferably stored in
the third content field of the first case data structure 404 of the memory device 402. In some
approaches, second indicator includes a second link to the fourth content field of the second
case data structure 406. The second link is preferably stored in the third content field of the
first data structure 404 of the memory device 402.

[0067] Turning now to FIG. 5, a method 500 includes storing 502 a first case data
structure in a memory device. As discussed with respect to the case data structure 300 of FIG.
3, the first case data structure includes a first content field representing characteristics of a
first case associated with a first abnormality detected in a first industrial machine or system.
In a preferred approach, the first case data structure corresponds to a current, unresolved,
and/or open case. For example, the current case may relate to anomalies detected at a gas

turbine at operating site 110, where the cause of the anomalies is currently unknown.
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[0068] The method 500 further includes storing 504 a second case data structure in
the memory device. The second case data structure includes a second content field
representing characteristics of a second case associated with a second abnormality detected in
a second industrial machine or system. In a preferred approach, the second case data structure
corresponds to a prior, resolved, and/or closed case. For example, the prior case may relate to
anomalies detected two years ago in a gas turbine model similar to that of the current case.
Unlike the current case, the cause of the anomalies was determined and correct. Thus, the
prior case was resolved and closed. In another approach, the second case data structure
corresponds to another current case, different than the first current case of the first case data
structure. The second content field also includes a selection command. In some approaches,
the selection command may be represented by a visual indication, such as visual user

selection commands 306, 312 of FIG. 3.

[0069] In some approaches, the first industrial machine or system is the same as the
second industrial machine or system. In other approaches the first industrial machine or

system is different than the second industrial machine or system.

[0070] The method 500 further includes displaying 506 at least the second case data
structure at a display device. The method further includes selecting 508 the selection
command.

[0071] The method 500 further includes, in response to the selecting, automatically

populating 510 the first content field of the first case data structure with a content of the
second content of the second case data structure. In one approach, the information is
replicated from the first content field of the second data structure into the first content field of
the first case data structure. In another approach, the information entered into the first case
data structure is representative of the information from second case data structure. In still
another approach, the information is representative of the existence of the second case data

structure.

[0072] In some approaches, the method 500 further includes, in response to the
selecting, providing an indicator in the first content field of the first case data structure. The
indicator indicates at least some information was populated from the second case data
structure. The indicator is stored, for example, as code in the first content field of the first

case data structure of the memory device. The indicator may also have a corresponding visual
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indication, such as visual indictor 316 of FIG. 3. In some approaches, the method 500 further
includes storing the indicator in the first content field of the first case data structure of the

memory.

[0073] In some approaches, the indicator includes a link from the first content field
back to the second case data structure. The link corresponds to the second case data structure.
The link may be a hypertext link or any other approach suitable for retrieving the second case
data structure for display on the display device. In one aspect, the link is a hypertext link that,
upon selection, opens the second case data structure in a new web browser. In another aspect,
second case data structure is provided in a bubble that appears when the user hovers a mouse
cursor over the link. In some approaches, the method 500 further includes storing the link in

the first content field of the first case data structure of the memory.

[0074] In still other approaches, the method 500 includes receiving a second selection
of a second selection command. The second selection command corresponds to a fourth
content field of the second case data structure. The method 500 preferably includes, in
response to receiving the second selection, automatically populating a third content field of
the first case data structure with a content of the fourth content field of the second case data

structure.

[0075] In some aspects, the method 500 includes, in response to receiving the second
selection, providing a second indicator in the third content field of the first case data
structure. The method 500 may further include storing the second indicator in the third

content field of the first case data structure of the memory device.

[0076] In one approach, the second indicator includes a second link to the fourth
content field of the second case data structure. In some aspects, the method further includes
storing the second link in the third content field of the first case data structure of the memory

device.

[0077] In this way past, “like-cases” may be correlated with a current case to assist a

user in assessing a current case.

[0078] Preferred embodiments of this invention are described herein, including the

best mode known to the inventors for carrying out the invention. It should be understood that
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the illustrated embodiments are exemplary only, and should not be taken as limiting the scope

of the invention.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:
an interface with an input;
a memory, the memory configured to store:

a first case data structure, the first case data structure comprising a first
content field representing characteristics of a first case associated with a first
abnormality detected in a first industrial machine or system; and

a second case data structure, the second case data structure comprising
a second content field representing characteristics of a second case associated
with a second abnormality detected in a second industrial machine or system,
the second content field comprising a selection command;

a display device configured to display the second case data structure; and

a processor coupled to the interface, the memory, and the display device, the
processor configured to receive via the input a selection of the selection command, the
processor configured to, in response to receiving the selection, automatically populate the

first content field with a content of the second content field.

2. The apparatus of claim 1, wherein in response to receiving the selection, the processor
is further configured to provide an indicator that the first content field of the first case data
structure has been populated, wherein the indicator is stored in the first content field of the

first case data structure of the memory.

3. The apparatus of claim 1, wherein the indicator includes a visual indication.

4. The apparatus of claim 2, wherein the indicator includes a link to the second content
field of the second case data structure, and wherein the link is stored in the first content field

of the first case data structure of the memory.

5. The apparatus of claim 1, wherein the first industrial machine or system is the same as

the second industrial machine or system.

6. The apparatus of claim 1, wherein the first industrial machine or system is different

than the second industrial machine or system.
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7. The apparatus of claim 1, wherein the first case corresponds to a current case, and

wherein the second case corresponds to a prior case.

8. A method comprising:

storing a first case data structure in a memory device, the first case data structure
including a first content field representing characteristics of a first case associated with a first
abnormality detected in a first industrial machine or system;

storing a second case data structure in the memory device, the second case data
structure including a second content field representing characteristics of a second case
associated with a second abnormality detected in a second industrial machine or system, the
second content field comprising a selection command,

displaying the second case data structure at a display device;

selecting the selection command; and

in response to the selecting, automatically populating the first content field with a

content of the second content field.

0. The method of claim 8, further comprising:

in response to the selecting, providing an indicator that the first content field of the
first case data structure has been populated; and

storing the indicator in the first content field of the first case data structure of the

memory device.

10. The method of claim 9, wherein the indicator includes a visual indication displayed at

the display device.
11. The method of claim 8, further comprising:
storing a link to the second content field of the second case data structure in the first

content field of the first case data structure of the memory device.

12. The method of claim 8, wherein the first industrial machine or system is the same as

the second industrial machine or system.
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13. The method of claim 8, wherein the first industrial machine or system is different than

the second industrial machine or system.

14.  The apparatus of claim 8, wherein the first case corresponds to a current case, and

wherein the second case corresponds to a prior case.

21



PCT/US2017/023237

WO 2017/165307

1/5

3LIS ONILVHIdO

)
0192

W_m_._.ZMO vivd
N

‘
0cl

H31N30

ONIMOLINOW TVHLINIO E
eV

0gl

- 00L



WO 2017/165307 PCT/US2017/023237

2/5

200 —
4
Case Data Structure
202-_|~|+ Evidence
2041 ~+ Interpretation
206 | A~ + Impact + Urgency -~.1.-208
210~ + Recommendation
212 ||+ Rating

214 1 +Explanation + Provider 216

218 ||+ Permission
220~ —~+ Case History

+ Widgets
2213 EE @790, 660 @

FIG. 2



€ 9ld

ONA-RIANER Jo) =}

PCT/US2017/023237

3/5

s196pIAf +

AL0ISIH ase) +
uolssiulag +
ispiroid 4 || uoneueidx3 4
Buney +
LIOIIEPUSILIODDY +
>ocm93/H | wedun i
uolnejaidisiuj +(
90UBPIAT +

3INPNAS Ble( 8se) puodag

"90¢

<~¢0¢

WO 2017/165307

® 0P O iw DHEY
s196pIM

A40}1SIH 95D

uolssiwisd

18pInOid uoneue|dx3

Buney

()

UOIIEPUBLLILIODSY

—

. L L =

-

=

Kouabin “pedw

uonelaidiayy]

80UBPIAT

ainpnng eyeq ased 1sii4

44

- 9te

~80¢€

-~-00€




WO 2017/165307

400~

408.

410

412

PCT/US2017/023237
4/5
404
/
{
\ —|__-402
Y Memory
_|.-406
H Interface processor |16
414
Display Device

FIG. 4



WO 2017/165307 PCT/US2017/023237

5/5

500
¥
| Begin |
Y
Store a first case data structure in a memory 502
device
Y
Store a second case data structure in the memory 504
device
Y
Display the second case data structure at a 506
display device
4
Select a selection command of a second content field of the | o
second case data structure -
]
In response to the selecting, automnatically populate the first 510
content field with a content of the second content field T

End

FIG. 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/023237

A. CLASSIFICATION OF SUBJECT MATTER

INV.
ADD.

G06Q10/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 20047103121 A1l (JOHNSON TIMOTHY LEE
[US] ET AL) 27 May 2004 (2004-05-27)
paragraph [0004] - paragraph [0005]
paragraph [0015] - paragraph [0031]
figure 4

FONG A C M ET AL: "An intelligent online
machine fault diagnosis system",
COMPUTING AND CONTROL ENGINEERING, IET
PUBLISHING GROUP, STEVENAGE, GB,

1-14

1-14

vol. 12, no. 5,

217-223, XP007904463,
ISSN: 0956-3385
abstract

page 218 - page 223

1 October 2001 (2001-10-01), pages

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 May 2017

Date of mailing of the international search report

29/05/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bohner, Michael

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/023237

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5 666 481 A (LEWIS LUNDY [US]) 1-14

9 September 1997 (1997-09-09)

abstract

column 3, Tine 25 - column 10, line 40
A US 2009/204881 Al (MURTHY KOLLURU VENKATA 1-14

SREERAMA [IN] ET AL)

13 August 2009 (2009-08-13)
paragraph [0005] - paragraph [0006]
paragraph [0038] - paragraph [0056]

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/023237
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2004103121 Al 27-05-2004  NONE
US 5666481 A 09-09-1997 AU 674572 B2 02-01-1997
EP 0686330 Al 13-12-1995
JP HO8510101 A 22-10-1996
US 5666481 A 09-09-1997
WO 9419888 Al 01-09-1994
US 2009204881 Al 13-08-2009  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

