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VISUALIZATION OF PREDICTIVE HEALTH
MONITORING

BACKGROUND

[0001] Predictive health monitoring systems observe and
flag events that could or will impact a pilot’s ability to
complete a mission. However, there are no useful mecha-
nisms for delivering that information to the pilot in a
meaningful way that increases the pilot’s awareness of the
situation.

SUMMARY

[0002] In one aspect, embodiments of the inventive con-
cepts disclosed herein are directed to a system for incorpo-
rating predictive health data into a mission timeline. The
system receives a predictive health event, identifies a time
frame for the event, and incorporates the event into a
mission timeline.

[0003] In a further aspect, the event may define a prob-
ability window with weighted probabilities overlaid onto the
mission timeline.

[0004] In a further aspect, the event may define an uncor-
rected outcome. The uncorrected outcome is rendered onto
the mission timeline at a point when the uncorrected out-
come will likely occur if no remedial action is taken.
[0005] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and should not restrict
the scope of the claims. The accompanying drawings, which
are incorporated in and constitute a part of the specification,
illustrate exemplary embodiments of the inventive concepts
disclosed herein and together with the general description,
serve to explain the principles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The numerous advantages of the embodiments of
the inventive concepts disclosed herein may be better under-
stood by those skilled in the art by reference to the accom-
panying figures in which:

[0007] FIG. 1 shows a block diagram of a system for
implementing an exemplary embodiment;

[0008] FIG. 2 shows an action window with a rendered
mission timeline;

[0009] FIG. 3 shows a rendered mission timeline includ-
ing an exemplary embodiment; and

[0010] FIG. 4 shows a flowchart of a method for incor-
porating predictive health events into a mission timeline
according to an exemplary embodiment.

DETAILED DESCRIPTION

[0011] Before explaining at least one embodiment of the
inventive concepts disclosed herein in detail, it is to be
understood that the inventive concepts are not limited in
their application to the details of construction and the
arrangement of the components or steps or methodologies
set forth in the following description or illustrated in the
drawings. In the following detailed description of embodi-
ments of the instant inventive concepts, numerous specific
details are set forth in order to provide a more thorough
understanding of the inventive concepts. However, it will be
apparent to one of ordinary skill in the art having the benefit
of the instant disclosure that the inventive concepts dis-
closed herein may be practiced without these specific
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details. In other instances, well-known features may not be
described in detail to avoid unnecessarily complicating the
instant disclosure. The inventive concepts disclosed herein
are capable of other embodiments or of being practiced or
carried out in various ways. Also, it is to be understood that
the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as lim-
iting.

[0012] As used herein a letter following a reference
numeral is intended to reference an embodiment of the
feature or element that may be similar, but not necessarily
identical, to a previously described element or feature bear-
ing the same reference numeral (e.g., 1, la, 1b). Such
shorthand notations are used for purposes of convenience
only, and should not be construed to limit the inventive
concepts disclosed herein in any way unless expressly stated
to the contrary.

[0013] Further, unless expressly stated to the contrary,
“or” refers to an inclusive or and not to an exclusive or. For
example, a condition A or B is satisfied by anyone of the
following: A is true (or present) and B is false (or not
present), A is false (or not present) and B is true (or present),
and both A and B are true (or present).

[0014] In addition, use of the “a” or “an” are employed to
describe elements and components of embodiments of the
instant inventive concepts. This is done merely for conve-
nience and to give a general sense of the inventive concepts,
and “a” and “an” are intended to include one or at least one
and the singular also includes the plural unless it is obvious
that it is meant otherwise.

[0015] Finally, as used herein any reference to “one
embodiment,” or “some embodiments” means that a par-
ticular element, feature, structure, or characteristic described
in connection with the embodiment is included in at least
one embodiment of the inventive concepts disclosed herein.
The appearances of the phrase “in some embodiments” in
various places in the specification are not necessarily all
referring to the same embodiment, and embodiments of the
inventive concepts disclosed may include one or more of the
features expressly described or inherently present herein, or
any combination of sub-combination of two or more such
features, along with any other features which may not
necessarily be expressly described or inherently present in
the instant disclosure.

[0016] Broadly, embodiments of the inventive concepts
disclosed herein are directed to a system for incorporating
predictive health data into a mission timeline. The system
receives a predictive health event, identifies a time frame for
the event, and incorporates the event into a mission timeline.
[0017] Referring to FIG. 1, a block diagram of a system
for implementing an exemplary embodiment is shown. The
system includes a processor 100, memory 102 connected to
the processor 100, and a display 104 for rendering an action
window and mission timeline. The processor 100 receives
one or more predicted events; each predicted event defines
an event type and some indication of the predicted time of
occurrence. For example, a separate avionics system 106
monitoring fuel usage may determine that, based on current
or average consumption rates, an aircraft will run out of fuel
at a predetermined time in the future. That event, including
the type (“fuel exhaustion™) and time, and transmitted to the
processor 100.

[0018] The processor 100 maintains an action window on
the display including a rendered mission timeline including
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various markers of relevant mission events. The processor
100 identifies where on the mission timeline the predicted
event occurs and incorporates some event symbology into
the mission timeline corresponding to the event type at the
identified time relative to the overall mission. In at least one
embodiment, the processor 100 may re-render existing mis-
sion events so as to avoid obfuscating the predicted event
symbology and vice-versa.

[0019] In at least one embodiment, the predicted events
may define a weighted probability of occurrence over time.
In those cases, the processor 100 may render the predicted
event over a window of probability. The window of prob-
ability may include an artifice to indicate the distribution of
probability; for example, the window of probability may be
shaded with the most shaded portion in the temporal region
of highest probability, and reduced shading accordingly.
Alternatively, varying colors may be utilized for different
probabilities. Alternatively, a probability curve may be ren-
dered in the window of probability.

[0020] In at least one embodiment, the predicted events
may define a degradation curve corresponding to a window
of time wherein the predicted event is likely to begin and
progressively degrade over time.

[0021] In at least one embodiment, the predicted events
may include an indication of an uncorrected outcome; that is
to say, an indication of the anticipated result if the predicted
event is not addressed. The indication of uncorrected out-
come may define a separate time indication corresponding to
when the uncorrected outcome will occur. For example,
where the predicted event indicates fuel exhaustion, the
uncorrected outcome may indicate engine failure and crash
rendered on the mission timeline shortly afterwards. Alter-
natively, where the predicted event indicates a mission
critical system failure, the uncorrected outcome may indi-
cate a time after the mission critical system failure when the
mission will have to be aborted.

[0022] In at least one embodiment, avionics systems 106
may update predicted events from time to time. In at least
one embodiment, the predicted events may be based on
statistical analysis of various factors including factors inter-
nal to the aircraft and factors external to the aircraft. As
factors are updated, the predicted events may also be
updated. In at least one embodiment, predicted events may
be based on a Bayesian probability analysis.

[0023] Referring to FIG. 2, an action window with a
rendered mission timeline 200 is shown. In a unified action
window display where multiple information sources are
combined into a single rendered display, the mission time-
line 200 may include indications of mission critical events
over time (as distinct from other information sources which
may be defined by points in space).

[0024] Referring to FIG. 3, a rendered mission timeline
300 including an exemplary embodiment is shown. The
mission timeline 300 includes a symbol 302 corresponding
an event type defined by a predicted event and a temporal
indication 306 corresponding to a predicted time of the
event. In at least one embodiment, the temporal indication
306 may comprise a window of probability with shaded
regions corresponding to greater or lesser predicted prob-
abilities of the event occurring at that time. Such window of
probability may be defined by statistical analysis of similar
events, either mathematically or via a machine learning
algorithm.
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[0025] In at least one embodiment, the predicted event
may include an uncorrected outcome corresponding to a
result if the event is not addressed. The uncorrected outcome
may also be translated to an outcome symbol 304 and
rendered at an indicated time on the mission timeline 300.
[0026] Referring to FIG. 4, a flowchart of a method for
incorporating predictive health events into a mission time-
line according to an exemplary embodiment is shown. The
system implementing the method receives 400 a predicted
event warning comprising an event type and a predicted time
of occurrence. In at least one embodiment, the predicted
time of occurrence may comprise a weighted, probabilistic
window of occurrence. Alternatively, or in addition, the time
of occurrence may comprise a degradation curve indicating
a prediction of how the event may degrade over a period of
time.

[0027] The system determines 402 a placement of the
event warning within a mission time line, and incorporates
404 the event warning into the timeline by identifying a
symbol corresponding to the event type, and placing that
symbology on the mission timeline at the determined place-
ment. Where the predicted event time corresponds to a
weighted, probabilistic window or degradation curve, a
window representing the weighted distribution or degrada-
tion curve is rendered at the appropriate mission timeline
location.

[0028] In at least one embodiment, the location and/or
time window may be periodically updated according to
updated event details from a corresponding avionics system.
Furthermore, surrounding symbology, such as mission event
markers, may be adjusted 406 to accommodate the predicted
event warning symbols.

[0029] In at least one embodiment, the predicted event
warning symbology may comprise symbols corresponding
to a predicted, uncorrected outcome, indicating a type and
time of outcome that will occur if the predicted event is
unaddressed.

[0030] In at least one embodiment, the predicted events
may be based on current aircraft and environmental condi-
tions, pilot entered information, stored statistical data, etc.
Such data may be used by a trained neural network to
produce the event type and predicted time of the predicted
event warnings.

[0031] The visualization is a depiction of critical events
that are predicted to impact mission success overlaid on a
mission timeline. The predicted system degradation is visu-
alized relative to a current state of the mission and aircraft,
as well as the predicted events. It shows when a predicted
event is likely to occur, and gives the user a certainty range,
using opacity to communicate increasing or decreasing
probability of occurrence. It also shows the user the pre-
dicted result if corrective action is not taken, in the form of
an icon at the end of the degradation trend line.

[0032] A visualization system overlaid on the mission
timeline gives a pilot an immediate understanding of when
the flagged event would potentially impact the mission, and
increase awareness by providing timely alerting. This infor-
mation overlay will allow the pilot to predict future system
status, increase the pilot’s overall situation awareness in
time-critical scenarios, and address the need for more
advanced system monitoring technology in the flight deck.
[0033] It is believed that the inventive concepts disclosed
herein and many of their attendant advantages will be
understood by the foregoing description of embodiments of
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the inventive concepts disclosed, and it will be apparent that
various changes may be made in the form, construction, and
arrangement of the components thereof without departing
from the broad scope of the inventive concepts disclosed
herein or without sacrificing all of their material advantages;
and individual features from various embodiments may be
combined to arrive at other embodiments. The form herein
before described being merely an explanatory embodiment
thereof, it is the intention of the following claims to encom-
pass and include such changes. Furthermore, any of the
features disclosed in relation to any of the individual
embodiments may be incorporated into any other embodi-
ment.

What is claimed is:

1. A computer apparatus comprising:

a display; and

at least one processor in data communication with the

display and a memory storing processor executable

code for configuring the at least one processor to:

receive one or more predicted events, each of the one
or more predicted events comprising an event type
and a predicted time of the event;

determine a location on a rendered mission timeline
corresponding to the predicted time of each of the
one or more predicted events;

determine a symbol for each predicted event based on
the event type; and

render the symbols at the determined location.

2. The computer apparatus of claim 1, wherein the pre-
dicted time comprises a weighted probability window of
occurrence.

3. The computer apparatus of claim 2, wherein the at least
one processor is further configured to render the weighted
probability window as variably shaded region defined by
probabilities of the predicted time.

4. The computer apparatus of claim 1, wherein:

the predicted time comprises a degradation curve; and

the at least one processor is further configured to render

the degradation curve across a corresponding window
of occurrence.

5. The computer apparatus of claim 1, wherein:

each of the one or more predicted events further comprise

an uncorrected outcome; and

the at least one processor is further configured to:

determine a symbol corresponding to the uncorrected
outcome; and

render the symbol corresponding to the uncorrected
outcome.

6. The computer apparatus of claim 1, wherein the at least
one processor is further configured to:

periodically receive updates to the one or more predicted

events; and

update corresponding symbology on the mission timeline.

7. The computer apparatus of claim 1, wherein the one or
more predicted events are determined via a Bayesian analy-
sis of aircraft conditions and environmental conditions.

8. A method comprising:

receiving one or more predicted events, each of the one or

more predicted events comprising an event type and a
predicted time of the event;

determining a location on a rendered mission timeline

corresponding to the predicted time of each of the one
or more predicted events;
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determining a symbol for each predicted event based on

the event type; and

render the symbols at the determined location on the

mission timeline.

9. The method of claim 8, wherein:

the predicted time comprises a weighted probability win-

dow of occurrence; and

further comprising rendering the weighted probability

window as variably shaded region defined by probabili-
ties of the predicted time.

10. The method of claim 8, wherein:

the predicted time comprises a degradation curve; and

further comprising rendering the degradation curve across

a corresponding window of occurrence.

11. The method of claim 8, wherein:

each of the one or more predicted events further comprise

an uncorrected outcome; and

further comprising:

determining a symbol corresponding to the uncorrected
outcome; and

rendering the symbol corresponding to the uncorrected
outcome.

12. The method of claim 8, further comprising:

periodically receiving updates to the one or more pre-

dicted events; and

updating corresponding symbology on the mission time-

line.

13. The method of claim 8, wherein the one or more
predicted events are determined via a Bayesian analysis of
aircraft conditions and environmental conditions.

14. A pilot awareness system comprising:

a display; and

at least one processor in data communication with the

display and a memory storing processor executable

code for configuring the at least one processor to:

receive one or more predicted events, each of the one
or more predicted events comprising an event type
and a predicted time of the event;

determine a location on a rendered mission timeline
corresponding to the predicted time of each of the
one or more predicted events;

determine a symbol for each predicted event based on
the event type; and

render the symbols at the determined location.

15. The pilot awareness system of claim 14, wherein the
predicted time comprises a weighted probability window of
occurrence.

16. The pilot awareness system of claim 15, wherein the
at least one processor is further configured to render the
weighted probability window as variably shaded region
defined by probabilities of the predicted time.

17. The pilot awareness system of claim 14, wherein:

the predicted time comprises a degradation curve; and

the at least one processor is further configured to render
the degradation curve across a corresponding window
of occurrence.

18. The pilot awareness system of claim 14, wherein:

each of the one or more predicted events further comprise

an uncorrected outcome; and

the at least one processor is further configured to:

determine a symbol corresponding to the uncorrected
outcome; and

render the symbol corresponding to the uncorrected
outcome.
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19. The pilot awareness system of claim 14, wherein the
at least one processor is further configured to:

periodically receive updates to the one or more predicted

events; and

update corresponding symbology on the mission timeline.

20. The pilot awareness system of claim 14, wherein the
one or more predicted events are determined via a neural
network configured to receive aircraft conditions and envi-
ronmental conditions.
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