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(54) Single-Gauge Monitoring of Multiple Components

(57) According to one embodiment, a gauge display
prioritization system comprises a priority engine and an
output engine. The priority engine is operable to receive
a measurement from a first sensor associated with a first
aircraft component and a measurement from a second
sensor associated with a second aircraft component, se-

lect a prioritization criterion based on the received meas-
urements, and select one priority measurement from the
received measurements based on the prioritization cri-
terion. The output engine is operable to instruct a gauge
disposed within a cockpit to display information repre-
sentative of the one priority measurement to a pilot.
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Description

TECHNICAL FIELD

[0001] This invention relates generally to avionics
gauges, and more particularly, to a single-gauge moni-
toring of multiple components.

BACKGROUND

[0002] One example of an aircraft is a rotorcraft. A ro-
torcraft may include one or more rotor systems. One ex-
ample of a rotorcraft rotor system is a main rotor system.
A main rotor system may generate aerodynamic lift to
support the weight of the rotorcraft in flight and thrust to
counteract aerodynamic drag and move the rotorcraft in
forward flight. Another example of a rotorcraft rotor sys-
tem is a tail rotor system. A tail rotor system may generate
thrust in the same direction as the main rotor system’s
rotation to counter the torque effect created by the main
rotor system.

SUMMARY

[0003] Particular embodiments of the present disclo-
sure may provide one or more technical advantages. A
technical advantage of one embodiment may include the
capability to present important information to a pilot re-
garding multiple components. A technical advantage of
one embodiment may also include the capability to alert
a pilot to potential issues regarding multiple components.
A technical advantage of one embodiment may also in-
clude the capability to present important information to a
pilot without overwhelming the pilot with unimportant in-
formation. A technical advantage of one embodiment
may also include the capability to reduce cockpit clutter.
[0004] Certain embodiments of the present disclosure
may include some, all, or none of the above advantages.
One or more other technical advantages may be readily
apparent to those skilled in the art from the figures, de-
scriptions, and claims included herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] To provide a more complete understanding of
the present invention and the features and advantages
thereof, reference is made to the following description
taken in conjunction with the accompanying drawings, in
which:

FIGURE 1 shows a rotorcraft according to one ex-
ample embodiment;

FIGURES 2A, 2B, and 2C show example variations
of the tail rotor drive system of the rotorcraft of FIG-
URE 1;

FIGURE 3 shows a method 300 of provide a single

gauge output from multiple sensor inputs according
to one example embodiment;

FIGURE 4 shows normalization of two inputs to a
common scale according to one example embodi-
ment;

FIGURES 5A and 5B show a single-output gauge
that may replace four different gauges according to
one example embodiment; and

FIGURE 6 shows a system for providing a single
gauge output from multiple sensor inputs according
to one example embodiment.

DETAILED DESCRIPTION OF THE DRAWINGS

[0006] FIGURE 1 shows a rotorcraft 100 according to
one example embodiment. Rotorcraft 100 features a ro-
tor system 110, blades 120, a fuselage 130, a landing
gear 140, and an empennage 150. Rotor system 110
may rotate blades 120. Rotor system 110 may include a
control system for selectively controlling the pitch of each
blade 120 in order to selectively control direction, thrust,
and lift of rotorcraft 100. Fuselage 130 represents the
body of rotorcraft 100 and may be coupled to rotor system
110 such that rotor system 110 and blades 120 may move
fuselage 130 through the air. Landing gear 140 supports
rotorcraft 100 when rotorcraft 100 is landing and/or when
rotorcraft 100 is at rest on the ground. Empennage 150
represents the tail section of the aircraft and features
components of a rotor system 110 and blades 120’.
Blades 120’ may provide thrust in the same direction as
the rotation of blades 120 so as to counter the torque
effect created by rotor system 110 and blades 120.
Teachings of certain embodiments relating to rotor sys-
tems described herein may apply to rotor system 110
and/or other rotor systems, such as other tilt rotor and
helicopter rotor systems. It should also be appreciated
that teachings regarding rotorcraft 100 may apply to air-
craft and vehicles other than rotorcraft, such as airplanes
and unmanned aircraft, to name a few examples.
[0007] Aircraft such as rotorcraft 100 may include a
cockpit, which may feature a variety of gauges. These
gauges may provide information regarding performance
of rotorcraft 100 and/or performance of its components.
In some examples, gauges may display measurements
of component performance (e.g., component tempera-
ture, component pressure, component speed). Measure-
ment of component performance may include any meas-
urement indicative of performance of the component. For
example, measurement of transmission performance
may include measurement of the temperature or pres-
sure of the fluid flowing through the transmission.
[0008] Increasing the number of gauges may increase
the amount of information that is available to the pilot.
Increasing the number of gauges, however, may over-
whelm the pilot and/or clutter the cockpit information pan-
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el. Accordingly, teachings of certain embodiments rec-
ognize the capability to reduce the number of gauges in
the cockpit by combining multiple gauges. As will be ex-
plained in greater detail, teachings of certain embodi-
ments recognize the capability to combine measure-
ments from multiple sensors into a single-output gauge.
[0009] For example, teachings of certain embodiments
recognize the ability to combine measurements from re-
lated sensors into a single-output gauge. Sensors may
be deemed related for a variety of reasons. In one ex-
ample, sensors are deemed related if they measure per-
formance of different components within the same sub-
system. For example FIGURES 2A, 2B, and 2C show
example variations of the tail rotor drive system of ro-
torcraft 100. In each of these example variations, sensors
may be provided to measure performance of various
components 200. Examples of components 200 may in-
clude, but are not limited to, gear boxes, transmissions,
motors, and other mechanical devices. In the examples
of FIGURES 2A, 2B, and 2C, the sensors may be deemed
related, for example, because measure they measure
performance of different components 200 within the
same subsystem (here, within the same tail rotor drive
system).
[0010] In another example, sensors are deemed relat-
ed if they provide similar information to the pilot. Infor-
mation may be deemed similar, for example, if the pilot
would react in the same manner to a change in sensor
output regardless of which sensor provided the change.
Returning to the example of FIGURES 2A, 2B, and 2C,
sensors measuring performance of components 200
may be deemed similar, for example, because the pilot
may react to a change in sensor output in the same man-
ner regardless of which sensor provides the change. If
one sensor, for example, indicates a loss of fluid pressure
in a component 200, the pilot may respond in the same
manner regardless of which component 200 suffers the
loss in pressure.
[0011] Examples are not limited to a tail rotor system.
For example, pilot action may also be similar if an abnor-
mal condition is detected in either the rotor transmission
or a separate combining gearbox in mechanical and/or
fluid communication with the rotor transmission. As yet
another example, pilot action may also be similar if an
abnormal condition is detected in either the engine or in
a separate reduction gearbox in mechanical and/or fluid
communication with the engine.
[0012] In these examples, a cockpit could include mul-
tiple gauges, each gauge providing information indicating
performance of each component 200. Teachings of cer-
tain embodiments recognize, however, the ability to re-
place these multiple gauges with a single-output gauge.
[0013] FIGURE 3 shows a method 300 of provide a
single gauge output from multiple sensor inputs accord-
ing to one example embodiment. At step 310, the inputs
from each sensor are normalized to a common scale.
Teachings of certain embodiments recognizing that nor-
malizing sensor inputs to a common scale may facilitate

display of a single output representative of the multiple
inputs.
[0014] In one example embodiment, inputs from each
sensor are normalized to a common scale such that the
upper limits, the lower limits, and the normal operating
levels match for each sensor input. For example, FIG-
URE 4 shows normalization of two inputs 410 and 420
to a common scale 430. In this example, the upper limits
of both inputs 410 and 420 are scaled to the 80% level
of scale 430, the lower limits of both inputs 410 and 420
are scaled to the 20% level of scale 430, and the normal
operating levels of inputs 410 and 420 are scaled to the
50% level of scale 430.
[0015] In some examples, limits, operating levels, and
other parameters may change as a function of time, op-
erating condition, or other variable. For example, as seen
in FIGURE 4, the lower limit of input 420 is variable as a
function of operating condition. In this example, the lower
limit of input 420 is lower at engine startup and is higher
when rotorcraft 100 is in flight. Teachings of certain em-
bodiments recognize the capability to change the scaling
between the input and the common scale based on
changes in the limits, operating levels, and other param-
eters.
[0016] Returning to the example of FIGURE 3, a pri-
oritization criterion is selected at step 320. A prioritization
criterion may represent a criterion for determining which
received measurement is most important and/or which
received measurement should be displayed. In the ex-
ample shown in FIGURE 3, the prioritization criterion is
selected at step 320 by deciding whether to show the
highest or lowest value. For example, if step 310 provides
four normalized measurements of a specific parameter
(e.g., pressure, temperature, etc.), then step 320 may
determine whether the highest of the four normalized
measurements should be displayed or the lowest of the
four normalized measurements should be displayed. In
some embodiments, the goal of step 320 may be to de-
termine which value is more important to the pilot: the
highest value or the lowest value.
[0017] The decision regarding whether to show the
highest or lowest value may depend on a variety of fac-
tors. For example, the decision may depend on which
parameter is being displayed. For example, step 320 may
determine that the lowest pressure input should be dis-
played. Step 320 may determine that the low pressure
value is more important to the pilot because, for example,
pressure loss in a component may be more serious
and/or likely than over pressurization of the component.
Step 320 may also provide exceptions to this determina-
tion. For example, step 320 may determine that the high-
est pressure input should be displayed if each component
is above a minimum acceptable threshold and one com-
ponent’s pressure exceeds a threshold (such as a thresh-
old approaching the upper limit). If, for example, all nor-
malized pressure measurements are above 25% and one
component’s normalized pressure measurement is
above 75%, then step 320 may determine that the highest
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normalized pressure measurement should be displayed.
[0018] As another example, step 320 may determine
that the highest temperature input should be displayed.
Step 320 may determine that the high temperature value
is more important to the pilot because, for example, high
temperature in a component may be more serious than
low temperature in the component. Again, however, step
320 may provide exceptions to this determination. For
example, step 320 may determine that the lowest tem-
perature input should be displayed if each component’s
temperature is below an acceptable threshold and one
component’s temperature is sufficiently low.
[0019] After selecting the prioritization criterion at step
320, one priority measurement may be selected from the
received measurements based on the prioritization cri-
terion. Returning to the example of FIGURE 3, the prior-
itization criterion may determine whether the highest or
lowest measurement value should be displayed. If, for
example, step 320 determines that the lowest value
should be displayed, then the lowest normalized compo-
nent is determined at step 330. Step 330 may determine,
for example, which component within a system is respon-
sible for the lowest value measurement. On the other
hand, if step 320 determines that the highest value should
be displayed, then the highest normalized component is
determined at step 340. Step 340 may determine, for
example, which component within a system is responsi-
ble for the highest value measurement.
[0020] Information representative of the measurement
for the selected component may then be displayed at
step 350. In some embodiments, the information repre-
sentative of the measurement may indicate the value of
the measurement, such as by displaying a numerical val-
ue or another graphical indicator. In some embodiments,
the measurement for the selected component may be
displayed on the normalized scale. Teachings of certain
embodiments recognize that providing a single gauge
that displays the highest or lowest normalized value may
allow the single gauge to concisely provide information
to the pilot about how the entire subsystem is operating.
[0021] For example, FIGURES 5A and 5B show how
a single-output gauge 500 may replace four different
gauges. In both examples, a subsystem includes four
sensors that measure pressure at four different compo-
nents A-D. In the example of FIGURE 5A, four normalized
measurements 510a are provided. In this example, a rule
applies that the lowest pressure be displayed to the pilot.
Accordingly, in this example, gauge 500 in FIGURE 5A
displays the normalized pressure measurement for com-
ponent C, which is lowest among components A-D.
[0022] In the example of FIGURE 5B, four normalized
measurements 510b are provided. In this example, how-
ever, an exception to the rule of FIGURE 5A applies be-
cause all pressures are above a minimum acceptable
threshold (e.g., 25%) and one component’s normalized
pressure measurement exceeds another threshold (e.g.,
75%). Accordingly, in this example, gauge 500 in FIG-
URE 5B displays the normalized pressure measurement

for component D, which is highest among components
A-D.
[0023] Gauge 500 may represent any device inside a
cockpit that displays information. Gauge 500 may be ei-
ther analog or digital. In some embodiments, gauge 500
may indicate whether the displayed information is the
highest value or the lowest value. In other embodiments,
gauge 500 may not indicate whether the displayed infor-
mation is the highest value or the lowest value. Rather,
in these embodiments, such indication may be omitted
because it is already apparent to the pilot (e.g., the pilot
knows the highest measurement is being displayed be-
cause of how high the measurement is) or because the
pilot does not care (e.g., if the pilot sees a very high meas-
urement being displayed, the pilot may not care whether
other measurements are higher or lower because even
one very high measurement indicates a problem).
[0024] Teachings of certain embodiments recognize
that a single-output gauge such as gauge 500 may re-
duce the amount of work necessary for the pilot to monitor
system gauges. For the example, the pilot may monitor
one gauge for a subsystem rather than gauges for each
component of the subsystem. In some embodiments,
gauge 500 may be associated with one subsystem as a
whole even though it may only display measurements
for one component of the subsystem at a given time. For
example, gauge 500 may be a "drive system" gauge even
though it only displays information for one component of
the drive system at a time.
[0025] In addition, teachings of certain embodiments
recognize that gauge 500 may take up less dashboard
space than providing multiple gauges for each compo-
nent. Furthermore, gauge 500 may allow the pilot to mon-
itor trends. For example, if pressure in one component
is steadily decreasing towards the lower limit, that de-
crease may be shown to the pilot over time.
[0026] FIGURE 6 shows a display prioritization system
600 for providing a single gauge output from multiple sen-
sor inputs according to one example embodiment. In the
example of FIGURE 6, display prioritization system 600
features a normalization engine 610, a priority engine
620, and an output engine 630, which may be implement-
ed by one or more computers 10 and may be accessed
by a user 5.
[0027] Users 5 may access display prioritization sys-
tem 600 through computer systems 10. For example, in
some embodiments, user 5 is a pilot who reads a gauge
that displays information from output engine 630 and is
associated with a computer system 10. Users 5 may in-
clude any individual, group of individuals, entity, ma-
chine, and/or mechanism that interacts with computer
systems 10. Examples of users 5 include, but are not
limited to, a pilot, service person, engineer, technician,
contractor, agent, and/or employee. Users 5 may be as-
sociated with an organization. An organization may in-
clude any social arrangement that pursues collective
goals. One example of an organization is a business. A
business is an organization designed to provide goods
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or services, or both, to consumers, governmental entities,
and/or other businesses.
[0028] Computer system 10 may include processors
12, input/output devices 14, communications links 16,
and memory 18. In other embodiments, computer system
10 may include more, less, or other components. Com-
puter system 10 may be operable to perform one or more
operations of various embodiments. Although the em-
bodiment shown provides one example of computer sys-
tem 10 that may be used with other embodiments, such
other embodiments may utilize computers other than
computer system 10. Additionally, embodiments may al-
so employ multiple computer systems 10 or other com-
puters networked together in one or more public and/or
private computer networks, such as one or more net-
works 30.
[0029] Processors 12 represent devices operable to
execute logic contained within a medium. Examples of
processor 12 include one or more microprocessors, one
or more applications, and/or other logic. Computer sys-
tem 10 may include one or multiple processors 12.
[0030] Input/output devices 14 may include any device
or interface operable to enable communication between
computer system 10 and external components, including
communication with a user or another system. Example
input/output devices 14 may include, but are not limited
to, a mouse, keyboard, display, and printer.
[0031] Network interfaces 16 are operable to facilitate
communication between computer system 10 and anoth-
er element of a network, such as other computer systems
10. Network interfaces 16 may connect to any number
and combination of wireline and/or wireless networks
suitable for data transmission, including transmission of
communications. Network interfaces 16 may, for exam-
ple, communicate audio and/or video signals, messages,
internet protocol packets, frame relay frames, asynchro-
nous transfer mode cells, and/or other suitable data be-
tween network addresses. Network interfaces 16 con-
nect to a computer network or a variety of other commu-
nicative platforms including, but not limited to, a public
switched telephone network (PSTN); a public or private
data network; one or more intranets; a local area network
(LAN); a metropolitan area network (MAN); a wide area
network (WAN); a wireline or wireless network; a local,
regional, or global communication network; an optical
network; a satellite network; a cellular network; an enter-
prise intranet; all or a portion of the Internet; other suitable
network interfaces; or any combination of the preceding.
[0032] Memory 18 represents any suitable storage
mechanism and may store any data for use by computer
system 10. Memory 18 may comprise one or more tan-
gible, computer-readable, and/or computer-executable
storage medium. Examples of memory 18 include com-
puter memory (for example, Random Access Memory
(RAM) or Read Only Memory (ROM)), mass storage me-
dia (for example, a hard disk), removable storage media
(for example, a Compact Disk (CD) or a Digital Video
Disk (DVD)), database and/or network storage (for ex-

ample, a server), and/or other computer-readable medi-
um.
[0033] In some embodiments, memory 18 stores logic
20. Logic 20 facilitates operation of computer system 10.
Logic 20 may include hardware, software, and/or other
logic. Logic 20 may be encoded in one or more tangible,
non-transitory media and may perform operations when
executed by a computer. Logic 20 may include a com-
puter program, software, computer executable instruc-
tions, and/or instructions capable of being executed by
computer system 10. Example logic 20 may include any
of the well-known OS2, UNIX, Mac-OS, Linux, and Win-
dows Operating Systems or other operating systems. In
particular embodiments, the operations of the embodi-
ments may be performed by one or more computer read-
able media storing, embodied with, and/or encoded with
a computer program and/or having a stored and/or an
encoded computer program. Logic 20 may also be em-
bedded within any other suitable medium without depart-
ing from the scope of the invention.
[0034] Various communications between computers
10 or components of computers 10 may occur across a
network, such as network 30. Network 30 may represent
any number and combination of wireline and/or wireless
networks suitable for data transmission. Network 30 may,
for example, communicate internet protocol packets,
frame relay frames, asynchronous transfer mode cells,
and/or other suitable data between network addresses.
Network 30 may include a public or private data network;
one or more intranets; a local area network (LAN); a met-
ropolitan area network (MAN); a wide area network
(WAN); a wireline or wireless network; a local, regional,
or global communication network; an optical network; a
satellite network; a cellular network; an enterprise intran-
et; all or a portion of the Internet; other suitable commu-
nication links; or any combination of the preceding. Al-
though the illustrated embodiment shows one network
30, teachings of certain embodiments recognize that
more or fewer networks may be used and that not all
elements may communicate via a network. Teachings of
certain embodiments also recognize that communica-
tions over a network is one example of a mechanism for
communicating between parties, and any suitable mech-
anism may be used.
[0035] In operation, according to one example embod-
iment, normalization engine 610 receives inputs from two
or more sensors. Normalization engine 610 normalizes
each input to a common scale. Priority engine 620 selects
a prioritization criterion. For example, in one embodi-
ment, priority engine 620 determines whether to show
the highest or the lowest normalized value provided by
normalization engine 610.
[0036] Prioritization engine 620 then selects one pri-
ority measurement from the received measurements
based on the prioritization criterion. Returning to the pre-
vious example, the prioritization criterion may identify
whether to display the highest or lowest normalized val-
ue. If, for example, priority engine 620 prioritizes the low-
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est normalized value, then output engine 630 will provide
instructions to an output device, such as gauge 500, to
display the lowest normalized value. If, on the other hand,
priority engine 620 prioritizes the highest normalized val-
ue, then output engine 630 will provide instructions to the
output device to display the highest normalized value.
Gauge 500 may then display information representative
of the prioritized measurement.
[0037] Modifications, additions, or omissions may be
made to the systems and apparatuses described herein
without departing from the scope of the invention. The
components of the systems and apparatuses may be in-
tegrated or separated. Moreover, the operations of the
systems and apparatuses may be performed by more,
fewer, or other components. The methods may include
more, fewer, or other steps. Additionally, steps may be
performed in any suitable order.
[0038] Although several embodiments have been illus-
trated and described in detail, it will be recognized that
substitutions and alterations are possible without depart-
ing from the scope of the present invention, as defined
by the appended claims.

Claims

1. A rotorcraft, comprising:

a body;
a power train coupled to the body and compris-
ing a power source and a drive shaft coupled to
the power source;
a hub;
a rotor blade coupled to the hub;
a first rotorcraft component disposed within the
body;
a first sensor configured to measure at least one
performance aspect of the first rotorcraft com-
ponent;
a second rotorcraft component disposed within
the body;
a second sensor configured to measure at least
one performance aspect of the second rotorcraft
component;
a gauge disposed within a cockpit of the body
and operable to display information to a pilot;
and
a display prioritization system operable to:

receive a measurement from the first sensor
and a measurement from the second sen-
sor;
select a prioritization criterion based on the
received measurements;
select one priority measurement from the
received measurements based on the pri-
oritization criterion; and
instruct the gauge to display information

representative of the one priority measure-
ment.

2. The rotorcraft of Claim 1, wherein the first and sec-
ond rotorcraft components are configured to operate
within one subsystem of the rotorcraft.

3. The rotorcraft of Claim 1 or Claim 2, wherein the
gauge is associated with the one subsystem as a
whole.

4. The rotorcraft of any preceding Claim, wherein:

the display prioritization system is further oper-
able to normalize the measurement from the first
sensor and the measurement to the second sen-
sor to a common scale; and
the display prioritization system is operable to
select a prioritization criterion by selecting the
prioritization criterion based on the normalized
measurements.

5. The rotorcraft of Claim 4, wherein the display prior-
itization system is operable to instruct the gauge to
display information representative of the normalized
value of the one priority measurement.

6. The rotorcraft of any preceding Claim, wherein the
display prioritization system is operable to select a
prioritization criterion:

by selecting whether to display the highest value
of the received measurements or the lowest val-
ue of the received measurements; or
based on a determination of which information
would be most important to a pilot.

7. A gauge display prioritization system comprising:

a priority engine operable to:

receive a measurement from a first sensor
associated with a first aircraft component
and a measurement from a second sensor
associated with a second aircraft compo-
nent,
select a prioritization criterion based on the
received measurements, and
select one priority measurement from the
received measurements based on the pri-
oritization criterion; and
an output engine operable to instruct a
gauge disposed within a cockpit to display
information representative of the one prior-
ity measurement to a pilot.

8. The gauge display prioritization system of Claim 7
or rotorcraft of claim 1, wherein the gauge does not
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indicate whether the one priority measurement is as-
sociated with the first aircraft or rotorcraft component
or the second aircraft or rotorcraft component.

9. The gauge display prioritization system of Claim 7
or Claim 8, further comprising a normalization engine
operable to normalize the measurement from the first
sensor and the measurement to the second sensor
to a common scale, wherein the display prioritization
system is operable to select a prioritization criterion
by selecting the prioritization criterion based on the
normalized measurements.

10. The gauge display prioritization system of any one
of Claims 7 to 9, wherein the display prioritization
system is operable to:

instruct the gauge to display information repre-
sentative of the normalized value of the one pri-
ority measurement; or
select a prioritization criterion by selecting
whether to display the highest value of the re-
ceived measurements or the lowest value of the
received measurements; or
select a prioritization criterion based on a deter-
mination of which received measurements
would be most important to a pilot.

11. A method of prioritizing measurements for display
on a single gauge in an aircraft, comprising:

receiving a measurement from a first sensor as-
sociated with a first aircraft component and a
measurement from a second sensor associated
with a second aircraft component;
selecting a prioritization criterion based on the
received measurements;
selecting one priority measurement from the re-
ceived measurements based on the prioritiza-
tion criterion; and
instructing a gauge disposed within a cockpit to
display information representative of the one pri-
ority measurement to a pilot.

12. The method of Claim 11, wherein the gauge does
not indicate whether the one priority measurement
is associated with the first aircraft component or the
second aircraft component.

13. The method of Claim 11 or Claim 12, further com-
prising normalizing the measurement from the first
sensor and the measurement to the second sensor
to a common scale, wherein selecting a prioritization
criterion comprises selecting the prioritization crite-
rion based on the normalized measurements.

14. The method of Claim 13, wherein instructing the
gauge comprises instructing the gauge to display in-

formation representative of the normalized value of
the one priority measurement.

15. The method of any one of Claims 11 to 14, wherein
selecting a prioritization criterion comprises:

selecting whether to display the highest value
of the received measurements or the lowest val-
ue of the received measurements; or
selecting a prioritization criterion based on a de-
termination of which received measurements
would be most important to a pilot.
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