US 20160055260A1

a2y Patent Application Publication o) Pub. No.: US 2016/0055260 A1

a9 United States

Floyd et al. 43) Pub. Date: Feb. 25, 2016
(54) VISUALIZATION AND DIAGNOSTIC (52) US.CL
ANALYSIS OF INTERESTED ELEMENTS OF CPC ........ GOG6F 17/30958 (2013.01); HO4L 43/045
A COMPLEX SYSTEM (2013.01); GOGF 17/5009 (2013.01)
(71) Applicant: The Boeing Company, Huntington 57 ABSTRACT

Beach, CA (US)

(72) Inventors: Joseph F. Floyd, University Place, WA
(US); Brent L. Hadley, Kent, WA (US);
Patrick J. Eames, Newcastle, WA (US);
Darren B. Macer, Seattle, WA (US)

(21) Appl. No.: 14/464,909
(22) Filed: Aug. 21,2014

Publication Classification

(51) Int.CL
GOGF 1730
GOGF 17/50
HO4L 12/26

(2006.01)
(2006.01)
(2006.01)

An apparatus is provided for implementation of a system for
visualization and diagnostic analysis of a complex system
such as an aircraft composed of a plurality of elements. The
apparatus may receive and process data for a physical
instance of the complex system to identify a maintenance
message for the complex system. A diagnostic procedure
defined for and associated with the maintenance message,
may involve or implicate one or more interested elements of
the plurality of elements. The apparatus may generate a visual
presentation of at least a portion of the complex system. The
visual presentation may be digital media and depict the inter-
ested element(s) and one or more other elements of the plu-
rality of elements. And the apparatus may apply a visual effect
to the interested element(s) depicted by the visual presenta-
tion to distinguish the interested element(s) from the other
element(s) depicted by the visual presentation.
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VISUALIZATION AND DIAGNOSTIC
ANALYSIS OF INTERESTED ELEMENTS OF
A COMPLEX SYSTEM

TECHNOLOGICAL FIELD

[0001] The present disclosure relates generally to analysis
of'a complex system and, in particular, to diagnostic analysis
of' a complex system through visual presentation of digital
media depicting elements of the complex system in which a
visual effect is applied to distinguish one or more elements
involved in or implicated by a diagnostic procedure.

BACKGROUND

[0002] Advances in the design of many complex systems
such as those in the acrospace, automotive, marine and elec-
tronics industries have led to the development of numerous
mutually-dependent systems. Failures or malfunctions of one
or more of these systems often affect other systems, directly
or indirectly. Additionally, diagnostics and other analysis of
these failures/malfunctions and their direct and indirect
effects is often required as part of a certification process.
Typically such analyses are manually performed by groups of
system analysts, without reference to a system or process
capable of facilitating such analyses.

[0003] In aircraft programs with federated systems, failure
analyses can be straightforward, and usually involve a limited
number of systems with easily-understood cascading aircraft-
level effects. When performed on complex aircraft systems
with highly-integrated architectures, on the other hand, fail-
ure analyses can involve many systems with complex cascad-
ing effects and aircraft-level impacts that are not easily under-
stood without a complete picture of the event.

[0004] Various systems and methods currently exist for
performing failure analyses of specific aircraft systems. But
these current systems and methods do not always draw atten-
tion to all of the systems involved in or implicated by a
particular failure/malfunction, or any key systems that may
more likely be the root cause of multiple failures/malfunc-
tions. These systems and methods also thus do not visually
present data for performing failure analyses in an easily-
interpretable manner. Therefore, it may be desirable to have
an apparatus and method that takes into account at least some
of'the issues discussed above, as well as possibly other issues.

BRIEF SUMMARY

[0005] Example implementations of the present disclosure
are generally directed to an apparatus for implementation of a
system for visualization and diagnostic analysis of interested
elements of a complex system composed of a plurality of
elements, and corresponding method and computer-readable
storage medium. Example implementations may aggregate
information beneficial for resolution of a problem or to a spot
trend that may involve one or more elements on one or more
physical instances of a complex system. Example implemen-
tations may then display that information in an informative
and visual manner, which may be associated with the three-
dimensional (3D) context of the complex system, so that it
may be easily understood and quickly analyzed.

[0006] A complex system such as an aircraft may be com-
posed of a plurality of elements, and at times, one or more of
these elements may be involved in or implicated by a diag-
nostic process, and may therefore be considered interested. In
accordance with example implementations, a visual presen-
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tation of at least a portion of the complex system may be
generated, and the visual presentation may depict the inter-
ested element(s) and one or more other elements of the com-
plex system. Before, after or as the visual presentation is
generated, a visual effect may be applied to the interested
element(s) to distinguish them from the other element(s)
depicted by the visual presentation. This may further facili-
tate diagnostic analysis of the interested element(s), and in
some examples may facilitate resolution of a failed element of
the complex system.

[0007] According to one aspect of example implementa-
tions, the apparatus includes a processor and a memory stor-
ing executable instructions that in response to execution by
the processor cause the apparatus to at least perform a number
of functions or operations. In accordance with this aspect, the
apparatus may be caused to receive and process data for a
physical instance of a complex system such as an aircraft
composed of a plurality of elements. Here, the data may be
received and processed to identify a maintenance message for
the complex system, and a diagnostic procedure defined for
and associated with the maintenance message, and which
diagnostic procedure may involve or implicate one or more
interested elements of the plurality of elements. In some
examples, a plurality of maintenance messages and diagnos-
tic procedures may be identified; and in these examples, the
diagnostic procedures may involve or implicate a plurality of
interested elements.

[0008] The apparatus may be caused to generate a visual
presentation of at least a portion of the complex system, with
the visual presentation being digital media and depicting the
interested element(s) and one or more other elements of the
plurality of elements. The apparatus may be caused to apply
a visual effect to the interested element(s) depicted by the
visual presentation to distinguish the interested element(s)
from the other element(s) depicted by the visual presentation.
In some examples, the visual presentation may be of at least
a portion of a three-dimensional (3D) model of the complex
system; and in these examples, the visual effect may be
applied to 3D objects of the 3D model that correspond to the
interested element(s).

[0009] Insome examples, a plurality of interested elements
may include a first one or more interested elements involved
or implicated by a first of the diagnostic procedures, and a
second one or more interested elements involved in or impli-
cated by a second of the diagnostic procedures. In these
examples, the apparatus may be caused to vary a property of
the visual element applied between the first interested ele-
ment(s) and second interested element(s) to distinguish the
first interested element(s) and second interested element(s)
from one another.

[0010] In some examples, the memory may store further
executable instructions that in response to execution by the
processor cause the apparatus to further analyze the plurality
of interested elements to identify a key interested element
from the plurality of interested elements. In these examples,
the apparatus may be caused to vary a property of the visual
effect applied to the key interested element, or apply a second
visual effect to the key interested element, to further distin-
guish the key interested element from other interested ele-
ments of the plurality of interested elements.

[0011] In some further examples, the apparatus being
caused to analyze the plurality of interested elements may
include being caused to generate and analyze a graph includ-
ing a plurality of vertices connected by one or more edges. For
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the graph, the vertices may correspond to respective elements
of the plurality of interested elements, and the edge(s) may
represent respective connection(s) between the elements (to
which the vertices correspond). The graph may then be ana-
lyzed to identify a key vertex from the plurality of vertices,
with the key vertex corresponding to the key interested ele-
ment of the plurality of interested elements.

[0012] In other aspects of example implementations, a
method and computer-readable storage medium are provided
for visualization and analysis of interested elements of a
complex system. The features, functions and advantages dis-
cussed herein may be achieved independently in various
example implementations or may be combined in yet other
example implementations further details of which may be
seen with reference to the following description and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0013] Having thus described example embodiments of the
disclosure in general terms, reference will now be made to the
accompanying drawings, which are not necessarily drawn to
scale, and wherein:

[0014] FIG. 1is an illustration of a visualization and diag-
nostic analysis system in accordance with an example imple-
mentation;

[0015] FIGS. 2A, 2B, 2C and 2D illustrate various graphs
corresponding to connected elements of a complex system, in
accordance with example implementations; and

[0016] FIGS. 3 and 4 depict example layouts of pages that
may be displayed in a GUI that has a predetermined viewable
area, and which may be navigated by a user, according to
example implementations of the present disclosure.

DETAILED DESCRIPTION

[0017] Some implementations of the present disclosure
will now be described more fully hereinafter with reference to
the accompanying drawings, in which some, but not all
implementations of the disclosure are shown. Indeed, various
implementations of the disclosure may be embodied in many
different forms and should not be construed as limited to the
implementations set forth herein; rather, these example
implementations are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
disclosure to those skilled in the art. For example, unless
otherwise indicated, reference something as being a first,
second or the like should not be construed to imply a particu-
lar order. Also, something may be described as being above
something else (unless otherwise indicated) may instead be
below, and vice versa; and similarly, something described as
being to the left of something else may instead be to the right,
and vice versa. Like reference numerals refer to like elements
throughout.

[0018] Example implementations of the present disclosure
relate generally to analysis of a complex system. A complex
system may refer to any of a number of physical structures
such as an aircraft composed of one or more components,
subsystems or the like (each generally referred to as a “sub-
system”), with each subsystem being composed of one or
more parts, and each part including one or more features. In
this regard, the parts of the complex system may be assembled
into a number of subsystems, which in turn may be assembled
into the complex system. In the context of an aircraft, one or
more parts or subsystems may be designed as a modular
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component of the aircraft often referred to as a line-replace-
able unit (LRU), of which a single aircraft may include a
number of LRUs and other parts or subsystems. Any of the
complex system itself or any of its subsystems, parts (of
subsystems), features (of parts) or the like may at times be
generally referred to as an “element” of the complex system.
[0019] More particularly, various example implementa-
tions relate to diagnostic analysis of a complex system
through visual presentation of digital media depicting ele-
ments of the complex system in which a visual effect is
applied to distinguish one or more elements involved in or
implicated by a diagnostic procedure. Example implementa-
tions will be primarily described in conjunction with aero-
space applications. It should be understood, however, that
example implementations may be utilized in conjunction
with a variety of other applications, both in the aerospace
industry and outside of the aerospace industry. Furthermore,
it should be understood that unless otherwise specified, the
terms “data,” “content,” “information,” and similar terms may
be at times used interchangeably.

[0020] Referring now to FIG. 1, a visualization and diag-
nostic analysis system 100 is illustrated according to example
implementations of the present disclosure. The system may
include any of a number of different subsystems (each an
individual system) for performing one or more functions or
operations with respect to visual presentations of digital
media depicting elements of a complex system, which may be
two-dimensional (2D) or three-dimensional (3D). As shown,
for example, the system may include an interested-element
identifier 102, information systems 104, 106, model viewer
108, visual-eftect applicator 110 and/or key-element analysis
system 112.

[0021] Although being shown as part of the visualization
and diagnostic analysis system 100, one or more of the inter-
ested-element identifier 102, information systems 104, 106,
model viewer 108, visual-effect applicator 110 and/or key-
element analysis system 112 may instead be separate from but
in communication with the visualization and diagnostic
analysis system. [t should also be understood that one or more
of the subsystems may function or operate as a separate
system without regard to others of the subsystems. And fur-
ther, it should be understood that the visualization and diag-
nostic analysis system may include or be coupled to one or
more additional or alternative systems, subsystems or the
like. One example of a suitable system is an integrated visu-
alization and analysis system such as that disclosed by U.S.
patent application Ser. No. , entitled: Integrated Visu-
alization and Analysis of a Complex System, filed concur-
rently herewith, the content of which is hereby incorporated
by reference in its entirety.

[0022] Turning now to the subsystems of the visualization
and diagnostic analysis system 100, the interested-element
identifier 102 may be configured to receive and process data
for aphysical instance of'a complex system such as an aircraft
composed of a plurality of elements. In some examples, the
data may include data related to the physical instance, and
design data related to the complex system (and not necessar-
ily specific to the physical instance). The interested-element
identifier may receive and process the data to identify a main-
tenance message for the complex system. The interested-
element identifier may also identify a diagnostic procedure
defined for and associated with the maintenance message, and
the diagnostic procedure may involve or implicate one or
more interested elements of the plurality of elements. In some
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examples, a plurality of maintenance messages and diagnos-
tic procedures may be identified; and in these examples, the
diagnostic procedures may involve or implicate a plurality of
interested elements.

[0023] In some examples, data related to the physical
instance may include data related to one or more failures or
other events in the complex system, where a failure may refer
to a malfunction, degradation or failure in the complex sys-
tem. In some examples, the data may include or identify one
or more maintenance messages, or the data may be capable of
analysis by the interested-element identifier 102 to identify
one or more maintenance messages. These maintenance mes-
sages may be predefined for the complex system and identity
or describe (the terms being synonymous herein, and at times
generally referred to as “identify”) an element-level failure,
and in various instances, one or more effects of the element-
level failure. The effects of an element-level failure may
include one or more direct effects, and in various instances,
one or more indirect effects, each of which may manifest
itself as a failure (and may itself be identified by a mainte-
nance message). An aircraft, for example, may experience
failure of an aircraft electrical bus or navigational system.
This failure may in turn lead to direct effects such as hydraulic
effects, navigational effects and/or avionics effects, any one
or more of which may lead to one or more indirect effects. For
example, a hydraulic effect may lead to a flight control effect,
which in turn may lead to an air frame vibration effect.

[0024] The design data may include, for example, data
related to one or more diagnostic procedures that may be
performed to address failures in the complex system, and
which in some examples may be defined for and associated
with respective maintenance messages. A diagnostic proce-
dure may include one or more actions that may be taken, and
which may involve (user) interaction with one or more ele-
ments of the complex system. These elements may be iden-
tified as interested elements and include a failed element or
one or more elements that may be checked or otherwise
interacted with to identify the failed element. These interested
elements may be considered involved in a diagnostic proce-
dure, and at least some of them may be connected to one
another, directly or indirectly through one or more interme-
diate elements that may thereby be implicated by the diag-
nostic procedure. The connection between elements may be
of'any of a number of suitable types, such as physical, elec-
trical, hydraulic, airflow, data communication, fluid or the
like. In some examples, the connection may be a logical
connection such as in the case of elements connected by a
common or related function of the elements in the complex
system.

[0025] To facilitate the interested-element identifier 102
determining the connections between elements involved in a
diagnostic procedure and thus elements that may be impli-
cated by the diagnostic procedure, in some examples, the
design data may also include data that describes the complex
system and various ones of'its elements. This design data may
include, for example, one or more models, schematic dia-
grams or the like. Additionally or alternatively, for example,
the design data may include logical interface information that
may describe logical connections between elements, which
may be reflected by logical interfaces between respective
elements. One example of suitable logical interface informa-
tion is that provided by an interface control document (ICD).
Further, for example, the design data may include a list of one
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or more complex-system-level functions and one or more
elements of the complex system that implement the respec-
tive functions.

[0026] To acquire the data from which to identify the inter-
ested element(s), the interested-element identifier 102 may be
coupled to any of a number of different computer-based
sources of data, information systems or the like, generally
referred to at times as information systems. As shown, for
example, the topical-element identifier may be coupled to one
or more information systems 104 configured to collect data
related to the physical instance, and one or more information
systems 106 configured to collect design data related to the
complex system, although not necessarily specific to the
physical instance. These information systems may in turn
receive the data from any of a number of different sources. For
example, the information systems may receive data directly
from an operator such as through data entry techniques. In
another example particular to data for the physical instance,
the information system may be configured to receive data
directly from the physical instance of the complex system,
which may be equipped with one or more sensors or embed-
ded systems configured to transmit a signal such as in the
event it or one of its elements experiences a failure.

[0027] In yet another example particular to data for the
physical instance, the information system 104 may receive
data from any of a number of other information systems
configured to collect content related to the physical instance,
such as in the form of email messages, items of user-gener-
ated content in the form of Internet forums, weblogs, social
blogs, microblogging, wikis, social networks and the like. In
this other example, the content may itself specifically identify
a maintenance message, from which a diagnostic procedure
and interested element(s) may be identified. Or the content
may include content that may be analyzed by the information
system to identify the maintenance message such as through
an analysis of the content to identify a most relevant mainte-
nance message to which the content may be related.

[0028] In addition to the interested-element identifier 102,
the visualization and diagnostic analysis system 100 may
include a viewer configured to generate digital media in the
form of a visual presentation of at least a portion of the
complex system, and depicting the interested element(s) and
one or more other elements of the plurality of elements. In
some examples, the visual presentation may be a two-dimen-
sional (2D) image of the portion of the complex system. In
other examples, as shown, the visual presentation may be at
least a portion of a digital three-dimensional (3D) model of
the complex system, suchas a 3D CAD or other similar model
(sometimes referred to as a solid model).

[0029] In one example, the 3D model may represent the
complex system as a collection of “primitives” such as edges,
faces, points (e.g., vertices) and the like, which may be
arranged into polygons or other arithmetically-derived struc-
tures to reflect the geometry of surfaces, volumes or elements
of the respective complex system. The complex system may
be defined by a “boundary” representation, or collection of
polygons that demarcate the space occupied by the complex
system, which may include sub-collections of polygons that
demarcate spaces occupied by respective elements of the
complex system. Each of these sub-collections of polygons
may be referred to as a 3D object that corresponds to an
element of the complex system in the 3D model. For some
complex systems, the 3D model may use hundreds of thou-
sands of polygons, which may be arranged in thousands of
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sub-collections of polygons (3D objects) corresponding to
several thousands of elements.

[0030] The 3D model may include information that may
indicate a design type of the model, such as an art concept,
preliminary design, released design or the like. The 3D model
may include information (e.g., name, number, quantity,
source, position, related elements) similar to that described
above for a list of information regarding the complex system
and/or one or more of its elements. The 3D model may even
further include additional information that in some examples,
with the 3D model, may compose a model-based definition
(MBD) of the complex system. For example, the 3D model
may include product manufacturing information (PMI) such
as geometric dimensions and tolerances (GD&T), material
specifications, component lists, process specifications,
inspection requirements or the like. This information may
convey engineering intent (EI), which may reflect the design-
er’s intent for how the complex system should be fabricated,
assembled, operated, maintained or the like. In various
examples, this additional information may be provided
directly in the 3D model, or in metadata associated with the
3D model.

[0031] Insome examples, then, the viewer may be a model
viewer 108 capable of receiving a digital 3D model of the
complex system, such as from the information system 106 in
the form of further design data for the complex system. The
model viewer may be capable of interpreting the 3D model,
and configured to produce a visual presentation of at least a
portion of the 3D model such as in a suitable GUI. The model
viewer may be configured to produce the visual presentation
in accordance with a number of techniques, such as those
employed by CAD viewers, virtual reality modeling language
(VRML) viewers, X3D viewers, Java 3D viewers, Quick-
Time virtual reality (VR) or QTVR viewers, integrating
vision toolkit (IVT) viewers or the like.

[0032] As indicated above, the visual presentation of at
least a portion of the complex system may depict the inter-
ested element(s) and other element(s) of the complex system.
The visualization and diagnostic analysis system 100 may
include a visual-effect applicator 110 coupled to the inter-
ested-element identifier 102, and configured to apply a visual
effect to the interested element(s) depicted by the visual pre-
sentation to distinguish the interested element(s) from the
other element(s) depicted by the visual presentation. The
visual effect may be any of a number of different effects.
Examples of suitable visual effects include an opaque or
translucent outline of a noticeable color around the one or
more 3D objects that correspond to the interested element(s),
or an opaque or translucent fill of a noticeable color applied to
the entire 3D objects for the interested elements. The inter-
ested element(s) may be keyed to their 3D objects in any of a
number of different manners, such as by identifiers (e.g., part
numbers) of the interested element(s).

[0033] In some examples involving multiple maintenance
messages and diagnostic procedures, the interested elements
may include a first one or more interested elements involved
or implicated by a first of the diagnostic procedures, and a
second one or more interested elements involved in or impli-
cated by a second of the diagnostic procedures. In these
examples, the visual-effect applicator 110 may be configured
to vary a property of the visual element applied between the
first and second interested element(s) to distinguish them
from one another. In the case of a colored outline or fill, for
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example, one or more properties of the color such as its hue,
value and/or intensity may vary between the first and second
interested element(s).

[0034] In various instances, it may be desirable to convey
additional information in the visual effect applied to the inter-
ested elements, such as may reflect one or more key interested
element(s). In some examples, then, the visualization and
diagnostic analysis system 100 may further include a key-
element analysis system 112 coupled to the configured to the
interested-element identifier 102 and visual-effect applicator
110. The key-element analysis system may be configured to
further analyze the plurality of interested elements to identify
a key interested element from the plurality of interested ele-
ments.

[0035] The key-element analysis system 112 may analyze
the interested elements in any of a number of different man-
ners, such as in accordance with a graph-based technique. In
some examples, the key-element analysis system may be
configured to generate and analyze a graph including a plu-
rality of vertices connected by one or more edges. For the
graph, the vertices may correspond to respective elements of
the plurality of interested elements, and the edge(s) may
represent respective connection(s) between the elements (to
which the vertices correspond). In some examples, the edges
may be weighted to reflect a variance in the connections
between various elements to which the vertices correspond.
For example, the edges may be weighted to reflect a number
of hops between the connected elements. The key-element
analysis system may then analyze the graph to identify a key
vertex from the plurality of vertices, with the key vertex
corresponding to the key interested element of the plurality of
interested elements. In some examples, this key vertex may be
the vertex with the greatest number of edges to other vertices.
Or in some examples, the key vertex may be the vertex with
the greatest weighted sum of edges to other vertices.

[0036] FIGS. 2A, 2B, 2C and 2D illustrate various graphs
200q, 2005, 200c and 2004 that may be generated by the
key-element analysis system 112 of example implementa-
tions. As shown, the graphs may include vertices 202 con-
nected by one or more edges 204. In graph 200q, one of the
vertices 202' has the greatest number of edges to other verti-
ces, and may thereby be identified as the key vertex, and the
element of the complex system to which it corresponds
thereby being identified as a key interested element. In graph
2025, two of the vertices 202' equally have the greatest num-
ber of edges, and so both may be identified as key vertices,
and their elements as key interested elements. Graph 202¢
also has one vertex with the greatest number of edges, and so
it and its element may be identified as key. Finally, in graph
202d, all of the vertices have an equal number of edges. Here,
none of the vertices may be identified as key. Or in some
examples, all of the vertices in graph 2024 may be identified
as key, and with mostly the same effect.

[0037] Regardless of the exact manner by which the key-
element analysis system 112 identifies a key interested ele-
ment, the visual-effect applicator 110 may then address the
key interested element in the visual representation of the
portion of the complex system depicting the interested ele-
ment(s) and other element(s). For example, the visual-effect
applicator may vary a property of the visual effect (e.g., vary
the hue of a colored fill) applied to the key interested element.
Additionally or alternatively, for example, the visual-effect
applicator may apply a second visual effect (e.g., a colored
outline) to the key interested element, to further distinguish
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the key interested element from other interested elements of
the plurality of interested elements.

[0038] As mentioned above, the visualization and diagnos-
tic analysis system 100 may include or be coupled to one or
more additional or alternative systems, subsystems or the
like, such as the integrated visualization and analysis system
disclosed by the’ application cited and incorporated
above. The integrated visualization and analysis system may
be generally configured to integrate data for a physical
instance of a complex system, visual presentation of a 3D
model of the complex system, and layout of panoptically-
arranged document components at least some of which
include 2D images depicting at least some of the elements.
Through this integration, integrated visualization and analy-
sis system may produce a visual definition of the complex
system for visualization and analysis. In the visual definition,
the 3D model or one or more 2D images may depict elements
of the complex system for which the visualization and diag-
nostic analysis system may identify interested element(s).
The visualization and diagnostic analysis system may then
apply a visual effect to those interested element(s) in the
visual definition, which when provided in the visual defini-
tion with other data for the complex system, may facilitate
analysis of the complex system.

[0039] To even further illustrate example implementation
of the present disclosure, reference will now be made to
FIGS. 3 and 4, which depict example layouts of pages that
may be displayed in a GUI that has a predetermined viewable
area 300 in which at least a portion of a visual definition of an
aircraft is displayed. As shown, the viewable arca may be
divided into a plurality of portions, frames or the like in which
information-based components of the visual definition may
be displayed. For example, the viewable area may include a
first portion 302 in which data for a physical instance of the
aircraft may be displayed. As shown, for example, this data
may include a list of parts from an indentured parts list. The
viewable area may include a second portion 304 in which
either or both of the visual presentation of a 3D model of the
aircraft, or a layout of pages depicting elements of the aircraft
may be displayed, and a third portion 306 in which additional
data for elements of the aircraft may be displayed. As shown,
the second portion is displaying a visual presentation of the
3D model of the aircraft.

[0040] The third portion 306 may display logical data
regarding the aircraft for which the visual presentation of the
3D model is displayed in the second portion 304. This data
may include, for example, one or more systems, wires and
electrical equipment (e.g., boxes) that are electrically con-
nected, and may therefore constitute interested elements
involved in the diagnostic procedure defined for and associ-
ated with a particular maintenance message. The wires that
are traced may be shown in the logical data. This may allow
the user to better understand the maintenance message and its
associated diagnostic procedure.

[0041] In the visual presentation of the 3D model, color
may be applied to some of the elements of the aircraft iden-
tified as being interested, and in which the hue or some other
property of the color may be varied with one or more of the
interested elements being identified as key. As shown in FIG.
3, for example, interested elements 308 to which color has
been applied may reflect elements involved in or implicated
by a diagnostic procedure. The color may distinguish these
elements from other depicted elements 310 of the aircraft.
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[0042] Asshown in FIG. 3, the interested elements 308 are
a battery and battery charger of an aircraft. Elsewhere, the 3D
model depicts a remote data concentrator (RDC) that routes
signals within the aircraft, as well as an electrical module that
runs software to drive various elements. The interested ele-
ments may be those that are electrically connected, and there-
fore may be involved in a fault troubleshooting procedure
(diagnostic procedure). In this regard, the procedure may call
a connector on the battery and the electrical module, but make
no reference to the RDC or battery charger either or both of
which could be at fault.

[0043] The GUI also may present one or more selected
navigation options for navigating the information-based
components. In this illustrative example, pan and zoom navi-
gation options may be presented in the form of controls 312 to
move and/or increase the size of the visual presentation of the
3D model to focus on a portion of it, such as the portion in
which the interested elements are depicted. In other words,
the user may activate the aforementioned controls to move
and/or zoom the visual presentation of the 3D model to fill a
greater portion of the viewable area of the GUI with the
interested elements. FIG. 4 illustrates one example of the
result of navigating the visual presentation in this manner.
[0044] According to example implementations of the
present disclosure, the visualization and diagnostic analysis
system 100 and its subsystems including the interested-ele-
ment identifier 102, information systems 104, 106, model
viewer 108, visual-effect applicator 110 and key-element
analysis system 112 may be implemented by various means.
Means for implementing the systems, subsystems and their
respective elements may include hardware, alone or under
direction of one or more computer program code instructions,
program instructions or executable computer-readable pro-
gram code instructions from a computer-readable storage
medium.

[0045] In one example, one or more apparatuses may be
provided that are configured to function as or otherwise
implement the systems, subsystems and respective elements
shown and described herein. In examples involving more than
one apparatus, the respective apparatuses may be connected
to or otherwise in communication with one another in a num-
ber of different manners, such as directly or indirectly via a
wireline or wireless network or the like.

[0046] Generally, an apparatus of exemplary implementa-
tions of the present disclosure may comprise, include or be
embodied in one or more fixed or portable electronic devices.
Examples of suitable electronic devices include a smart-
phone, tablet computer, laptop computer, desktop computer,
workstation computer, server computer or the like. The appa-
ratus may include one or more of each of a number of com-
ponents such as, for example, a processor (e.g., processor
unit) connected to a memory (e.g., storage device).

[0047] The processor is generally any piece of hardware
that is capable of processing information such as, for
example, data, computer-readable program code, instructions
or the like (generally “computer programs,” e.g., software,
firmware, etc.), and/or other suitable electronic information.
More particularly, for example, the processor may be config-
ured to execute computer programs, which may be stored
onboard the processor or otherwise stored in the memory (of
the same or another apparatus). The processor may be a
number of processors, a multi-processor core or some other
type of processor, depending on the particular implementa-
tion. Further, the processor may be implemented using a
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number of heterogeneous processor systems in which a main
processor is present with one or more secondary processors
on a single chip. As another illustrative example, the proces-
sor may be a symmetric multi-processor system containing
multiple processors of the same type. In yet another example,
the processor may be embodied as or otherwise include one or
more application-specific integrated circuits (ASICs), field-
programmable gate arrays (FPGAs) or the like. Thus,
although the processor may be capable of executing a com-
puter program to perform one or more functions, the proces-
sor of various examples may be capable of performing one or
more functions without the aid of a computer program.
[0048] The memory is generally any piece of hardware that
is capable of storing information such as, for example, data,
computer programs and/or other suitable information either
on a temporary basis and/or a permanent basis. The memory
may include volatile and/or non-volatile memory, and may be
fixed or removable. Examples of suitable memory include
random access memory (RAM), read-only memory (ROM), a
hard drive, a flash memory, a thumb drive, a removable com-
puter diskette, an optical disk, a magnetic tape or some com-
bination of the above. Optical disks may include compact
disk-read only memory (CD-ROM), compact disk-read/write
(CD-R/W), DVD or the like. In various instances, the
memory may be referred to as a computer-readable storage
medium which, as a non-transitory device capable of storing
information, may be distinguishable from computer-readable
transmission media such as electronic transitory signals
capable of carrying information from one location to another.
Computer-readable medium as described herein may gener-
ally refer to a computer-readable storage medium or com-
puter-readable transmission medium.

[0049] Inaddition to the memory, the processor may also be
connected to one or more interfaces for displaying, transmit-
ting and/or receiving information. The interfaces may include
a communications interface (e.g., communications unit) and/
or one or more user interfaces. The communications interface
may be configured to transmit and/or receive information,
such as to and/or from other apparatus(es), network(s) or the
like. The communications interface may be configured to
transmit and/or receive information by physical (wireline)
and/or wireless communications links. Examples of suitable
communication interfaces include a network interface con-
troller (NIC), wireless NIC (WNIC) or the like.

[0050] Theuserinterfaces may include a display and/or one
or more user input interfaces (e.g., input/output unit). The
display may be configured to present or otherwise display
information to a user, suitable examples of which include a
liquid crystal display (LCD), light-emitting diode display
(LED), plasma display panel (PDP) or the like. The user input
interfaces may be wireline or wireless, and may be configured
to receive information from a user into the apparatus, such as
for processing, storage and/or display. Suitable examples of
user input interfaces include a microphone, image or video
capture device, keyboard or keypad, joystick, touch-sensitive
surface (separate from or integrated into a touchscreen), bio-
metric sensor or the like. The user interfaces may further
include one or more interfaces for communicating with
peripherals such as printers, scanners or the like.

[0051] As indicated above, program code instructions may
be stored in memory, and executed by a processor, to imple-
ment functions of the systems, subsystems and their respec-
tive elements described herein. As will be appreciated, any
suitable program code instructions may be loaded onto a
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computer or other programmable apparatus from a computer-
readable storage medium to produce a particular machine,
such that the particular machine becomes a means for imple-
menting the functions specified herein. These program code
instructions may also be stored in a computer-readable stor-
age medium that can direct a computer, a processor or other
programmable apparatus to function in a particular manner to
thereby generate a particular machine or particular article of
manufacture. The instructions stored in the computer-read-
able storage medium may produce an article of manufacture,
where the article of manufacture becomes a means for imple-
menting functions described herein. The program code
instructions may be retrieved from a computer-readable stor-
age medium and loaded into a computer, processor or other
programmable apparatus to configure the computer, proces-
sor or other programmable apparatus to execute operations to
be performed on or by the computer, processor or other pro-
grammable apparatus.

[0052] Retrieval, loading and execution of the program
code instructions may be performed sequentially such that
one instruction is retrieved, loaded and executed at a time. In
some example implementations, retrieval, loading and/or
execution may be performed in parallel such that multiple
instructions are retrieved, loaded, and/or executed together.
Execution of the program code instructions may produce a
computer-implemented process such that the instructions
executed by the computer, processor or other programmable
apparatus provide operations for implementing functions
described herein.

[0053] Execution of instructions by a processor, or storage
of instructions in a computer-readable storage medium, sup-
ports combinations of operations for performing the specified
functions. It will also be understood that one or more func-
tions, and combinations of functions, may be implemented by
special purpose hardware-based computer systems and/or
processors which perform the specified functions, or combi-
nations of special purpose hardware and program code
instructions.

[0054] Many modifications and other implementations of
the disclosure set forth herein will come to mind to one skilled
in the art to which this disclosure pertains having the benefit
of the teachings presented in the foregoing descriptions and
the associated drawings. Therefore, it is to be understood that
the disclosure is not to be limited to the specific implemen-
tations disclosed and that modifications and other implemen-
tations are intended to be included within the scope of the
appended claims. Moreover, although the foregoing descrip-
tions and the associated drawings describe example imple-
mentations in the context of certain example combinations of
elements and/or functions, it should be appreciated that dif-
ferent combinations of elements and/or functions may be
provided by alternative implementations without departing
from the scope of the appended claims. In this regard, for
example, different combinations of elements and/or functions
than those explicitly described above are also contemplated
as may be set forth in some of the appended claims. Although
specific terms are employed herein, they are used in a generic
and descriptive sense only and not for purposes of limitation.

What is claimed is:

1. An apparatus for implementation of a system for visu-
alization and analysis of interested elements of a complex
system, the apparatus comprising a processor and a memory
storing executable instructions that in response to execution
by the processor cause the apparatus to at least:
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receive and process data for a physical instance of a com-
plex system composed of a plurality of elements, the
data being received and processed to identify a mainte-
nance message for the complex system, and a diagnostic
procedure defined for and associated with the mainte-
nance message, the diagnostic procedure involving or
implicating one or more interested elements of the plu-
rality of elements;

generate a visual presentation of at least a portion of the

complex system, the visual presentation being digital
media and depicting the one or more interested elements
and one or more other elements of the plurality of ele-
ments; and

apply a visual effect to the one or more interested elements

depicted by the visual presentation to distinguish the one
or more interested elements from the one or more other
elements depicted by the visual presentation.

2. The apparatus of claim 1, wherein the apparatus being
caused to generate the visual presentation includes being
caused to generate the visual presentation of at least a portion
of a digital three-dimensional (3D) model of the complex
system, the visual effect being applied to 3D objects of the 3D
model that correspond to the one or more interested elements.

3. The apparatus of claim 1, wherein the maintenance
message and the diagnostic procedure are a plurality of main-
tenance messages and a plurality of diagnostic procedures,
the one or more interested elements being a plurality of inter-
ested elements involved in or implicated by the plurality of
diagnostic procedures.

4. The apparatus of claim 3, wherein the plurality of inter-
ested elements includes a first one or more interested ele-
ments involved or implicated by a first of the plurality of
diagnostic procedures, and a second one or more interested
elements involved in or implicated by a second of the plurality
of diagnostic procedures, and

wherein the apparatus being caused to apply the visual

effect includes being caused to vary a property of the
visual element applied between the first one or more
interested elements and second one or more interested
elements to distinguish the first one or more interested
elements and second one or more interested elements
from one another.

5. The apparatus of claim 3, wherein the memory stores
further executable instructions that in response to execution
by the processor cause the apparatus to further:

analyze the plurality of interested elements to identify a

key interested element from the plurality of interested
elements,

wherein the apparatus being caused to apply the visual

effect includes being caused to vary a property of the
visual effect applied to the key interested element, or
apply a second visual effect to the key interested ele-
ment, to further distinguish the key interested element
from other interested elements of the plurality of inter-
ested elements.

6. The apparatus of claim 5, wherein the apparatus being
caused to analyze the plurality of interested elements includes
being caused to at least:

generate a graph including a plurality of vertices connected

by one or more edges, the plurality of vertices corre-
sponding to respective elements of the plurality of inter-
ested elements, and the one or more edges representing
respective one or more connections between the plural-
ity of elements; and
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analyze the graph to identify a key vertex from the plurality
of vertices, the key vertex corresponding to the key
interested element of the plurality of interested ele-
ments.

7. A method comprising:

receiving and processing data for a physical instance of a

complex system composed of a plurality of elements, the
data being received and processed to identify a mainte-
nance message for the complex system, and a diagnostic
procedure defined for and associated with the mainte-
nance message, the diagnostic procedure involving or
implicating one or more interested elements of the plu-
rality of elements;

generating a visual presentation of at least a portion of the

complex system, the visual presentation being digital
media and depicting the one or more interested elements
and one or more other elements of the plurality of ele-
ments; and

applying a visual effect to the one or more interested ele-

ments depicted by the visual presentation to distinguish
the one or more interested elements from the one or more
other elements depicted by the visual presentation.

8. The method of claim 7, wherein generating the visual
presentation includes generating the visual presentation of at
least a portion of a digital three-dimensional (3D) model of
the complex system, the visual effect being applied to 3D
objects of the 3D model that correspond to the one or more
interested elements.

9. The method of claim 7, wherein the maintenance mes-
sage and the diagnostic procedure are a plurality of mainte-
nance messages and a plurality of diagnostic procedures, the
one or more interested elements being a plurality of interested
elements involved in or implicated by the plurality of diag-
nostic procedures.

10. The method of claim 9, wherein the plurality of inter-
ested elements includes a first one or more interested ele-
ments involved or implicated by a first of the plurality of
diagnostic procedures, and a second one or more interested
elements involved in or implicated by a second of the plurality
of diagnostic procedures, and

wherein applying the visual effect includes varying a prop-

erty of the visual element applied between the first one or
more interested elements and second one or more inter-
ested elements to distinguish the first one or more inter-
ested elements and second one or more interested ele-
ments from one another.

11. The method of claim 9 further comprising:

analyzing the plurality of interested elements to identify a

key interested element from the plurality of interested
elements,

wherein applying the visual effect includes varying a prop-

erty of the visual effect applied to the key interested
element, or applying a second visual effect to the key
interested element, to further distinguish the key inter-
ested element from other interested elements of the plu-
rality of interested elements.

12. The method of claim 11, wherein analyzing the plural-
ity of interested elements comprises:

generating a graph including a plurality of vertices con-

nected by one or more edges, the plurality of vertices
corresponding to respective elements of the plurality of
interested elements, and the one or more edges repre-
senting respective one or more connections between the
plurality of elements; and
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analyzing the graph to identify a key vertex from the plu-
rality of vertices, the key vertex corresponding to the key
interested element of the plurality of interested ele-
ments.

13. A computer-readable storage medium that is non-tran-
sitory and has computer-readable program code portions
stored therein that, in response to execution by a processor,
cause an apparatus to at least:

receive and process data for a physical instance of a com-

plex system composed of a plurality of elements, the
data being received and processed to identify a mainte-
nance message for the complex system, and a diagnostic
procedure defined for and associated with the mainte-
nance message, the diagnostic procedure involving or
implicating one or more interested elements of the plu-
rality of elements;

generate a visual presentation of at least a portion of the

complex system, the visual presentation being digital
media and depicting the one or more interested elements
and one or more other elements of the plurality of ele-
ments; and

apply a visual effect to the one or more interested elements

depicted by the visual presentation to distinguish the one
or more interested elements from the one or more other
elements depicted by the visual presentation.

14. The computer-readable storage medium of claim 13,
wherein the apparatus being caused to generate the visual
presentation includes being caused to generate the visual
presentation of at least a portion of a digital three-dimen-
sional (3D) model of the complex system, the visual effect
being applied to 3D objects of the 3D model that correspond
to the one or more interested elements.

15. The computer-readable storage medium of claim 13,
wherein the maintenance message and the diagnostic proce-
dure are a plurality of maintenance messages and a plurality
of diagnostic procedures, the one or more interested elements
being a plurality of interested elements involved in or impli-
cated by the plurality of diagnostic procedures.

16. The computer-readable storage medium of claim 15,
wherein the plurality of interested elements includes a first
one or more interested elements involved or implicated by a
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first of the plurality of diagnostic procedures, and a second
one or more interested elements involved in or implicated by
a second of the plurality of diagnostic procedures, and

wherein the apparatus being caused to apply the visual
effect includes being caused to vary a property of the
visual element applied between the first one or more
interested elements and second one or more interested
elements to distinguish the first one or more interested
elements and second one or more interested elements
from one another.

17. The computer-readable storage medium of claim 15
having further readable program code portions stored therein
that, in response to execution by the processor, cause the
apparatus to further at least:

analyze the plurality of interested elements to identify a
key interested element from the plurality of interested
elements,

wherein the apparatus being caused to apply the visual
effect includes being caused to vary a property of the
visual effect applied to the key interested element, or
apply a second visual effect to the key interested ele-
ment, to further distinguish the key interested element
from other interested elements of the plurality of inter-
ested elements.

18. The computer-readable storage medium of claim 17,
wherein the apparatus being caused to analyze the plurality of
interested elements includes being caused to at least:

generate a graph including a plurality of vertices connected
by one or more edges, the plurality of vertices corre-
sponding to respective elements of the plurality of inter-
ested elements, and the one or more edges representing
respective one or more connections between the plural-
ity of elements; and

analyze the graph to identify a key vertex from the plurality
of vertices, the key vertex corresponding to the key
interested element of the plurality of interested ele-
ments.



