wo 2014/133598 A1 I 00N OO OO A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/133598 Al

4 September 2014 (04.09.2014) WIPOIPCT

(51) International Patent Classification: (74) Agents: ASSEFA, Brook et al.; THE BOEING COM-

B64D 43/00 (2006.01) GOI1C 23/00 (2006.01) PANY, P.O. Box 2515, MC 110-SD34, Seal Beach, Cali-
fornia 90740-1515 .

(21) International Application Number: ornia 907 (US)

PCT/US2013/067885 (81) Designated States (unless otherwise indicated, for every

. . kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date: AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
31 Ootober 2013 (31.10.2013) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. ) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13/780,715 28 February 2013 (28.02.2013) US OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,

(71) Applicant: THE BOEING COMPANY [US/US]; 100 TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
North Riverside Plaza, Chicago, Illinois 60606-2016 (US). ZW.

(72) Inventors: BUSH, Larry Wayne; 100 North Riverside (84) Designated States (unless otherwise indicated, for every
Plaza, Chicago, Illinois 60606-2016 (US). CLARK, Neil kind of regional protection available). ARIPO (BW, GH,
John; 100 North Riverside Plaza, Chicago, Illinois 60606- GM, KFE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
2016 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
[Continued on next page]
(54) Title: AIRCRAFT ENERGY STATE DISPLAY

100

108 AIRCRAFT

|._

\
121

STATE

115 DESIRED ENERGY
ENERGY STATE STATE

128~] RELATIVE ENERGY STATE

[Locamon | [pimen | [ATiruoe |

SPEED

AIRSPEED 116
GROUND 118
SPEED

)
108 110 114
120\| STATE DETECTORS |
i
132\| STATE INFORMATION |
!
ENERGY STATE
12271126 DISPLAY SYSTEM
OPERATOR INTERFACE SYSTEM
v |
OPERATOR
FLIGHT INPUT
102—1104-"] cREW 140

FIG. 1

(57) Abstract: A method and apparatus for displaying an
energy state (121) of an aircraft (100). The energy state of
the aircraft is identified by a processor unit based on a speed
(112) of the aircraft and an altitude (114) of the aircratt. An
indication of the energy state is displayed by the processor
unit.



WO 2014/133598 A1 WK 00T A0 O A A

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2014/133598 PCT/US2013/067885

AIRCRAFT ENERGY STATE DISPLAY

BACKGROUND

The present disclosure relates generally to systems and methods for
displaying information for indicating the state of an aircraft to a flight crew. More
particularly, the present disclosure relates to displaying information indicating the
energy state of an aircraft to a flight crew as the aircraft is descending to land.

Airspeed is the speed of an aircraft in flight relative to the air around the
aircraft. If the airspeed of an aircraft is too low, the aircraft may stall. An airspeed that
is too high during cruise flight of the aircraft may cause flutter. An airspeed that is too
high during an approach to landing may cause damage to the aircraft flaps or other
aircraft systems.

Ground speed is the speed of an aircraft with respect to the ground over
which it is flying. At certain times during the operation of an aircraft, it may be desirable
that the ground speed of the aircraft is not too high or too low. For example, the ability
of an aircraft to fly through wind shear conditions may be reduced if the ground speed of
the aircraft is too low during an approach and landing operation. If the ground speed of
an aircraft is too high during approach and landing, the aircraft may land beyond the
end of the runway, or may land at a position on the runway and with such speed that it
may be difficult to stop the aircraft before the aircraft reaches the end of the runway.
The desired upper limit of the ground speed of an aircraft during an approach may be
determined using a stopping distance calculation for the aircraft.

A pilot or other operator of an aircraft may control the speed of the aircraft,
both the airspeed and ground speed, by controlling the pitch, power setting, or both the
pitch and power setting of the aircraft. Changing the pitch of the aircraft changes the
angle of attack between the aircraft and the oncoming flow of air through which the
aircraft is flying. The power setting of the aircraft may be changed by changing the
power delivered by the aircraft engines to move the aircraft through the air. This power
is often referred to as the thrust provided by the aircraft engines.

A pilot or other operator of an aircraft controls the aircraft so that the
airspeed is within desired limits. Currently, ground speed is not usually considered

during many aircraft operations. However, considering ground speed may be helpful in
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some aircraft operations. For example, considering the aircraft ground speed may be
helpful in performing approach operations in gusty wind conditions.

Controlling an aircraft so that both the airspeed and ground speed of the
aircraft are within desired limits may be challenging in some cases under some
operational conditions. For example, a sudden increase in the headwind encountered
by an aircraft during an approach and landing operation may cause the airspeed of the
aircraft to increase suddenly. A human pilot, or automatic control system, may respond
to the increase in airspeed by reducing the power setting of the aircraft. However,
reducing the power output of the aircraft engines may reduce the ground speed of the
aircraft to a speed that is below the desired ground speed for landing the aircraft. For
example, reducing the power setting in this case may reduce the ground speed below a
desired ground speed for responding to wind shears, downbursts, and other sudden
changes in the winds around the aircraft, such as when a headwind gust suddenly dies
out.

Accordingly, it would be beneficial to have a method and apparatus that
takes into account one or more of the issues discussed above as well as possibly other

issues.

SUMMARY

A first illustrative embodiment provides a method for displaying an energy
state of an aircraft. The energy state of the aircraft is identified by a processor unit
based on a speed of the aircraft and an altitude of the aircraft. An indication of the
energy state is displayed by the processor unit.

Another illustrative embodiment provides an apparatus comprising an
energy state identifier and an operator interface generator. The energy state identifier is
configured to identify an energy state of an aircraft based on a speed of the aircraft and
an altitude of the aircraft. The operator interface generator is configured to generate an
energy state display comprising an indication of the energy state.

Another illustrative embodiment provides a method for identifying a
projected stopping point of an aircraft. An energy state of the aircraft is identified by a
processor unit during an approach to landing using a ground speed of the aircraft and
an altitude of the aircraft. The projected stopping point of the aircraft is identified by the

processor unit using the energy state of the aircraft.
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The features, functions, and benefits may be achieved independently in
various embodiments of the present disclosure or may be combined in yet other
embodiments in which further details can be seen with reference to the following

description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the illustrative embodiments
are set forth in the appended claims. The illustrative embodiments, however, as well as
a preferred mode of use, further objectives, and features thereof will best be understood
by reference to the following detailed description of illustrative embodiments of the
present disclosure when read in conjunction with the accompanying drawings, wherein:

Figure 1 is an illustration of a block diagram of an aircraft in accordance
with an illustrative embodiment;

Figure 2 is an illustration of a block diagram of an energy state display
system in accordance with an illustrative embodiment;

Figure 3 is an illustration of a block diagram of an energy state display in
accordance with an illustrative embodiment;

Figure 4 is an illustration of an example of an energy state display in
accordance with an illustrative embodiment;

Figure 5 is an illustration of another example of an energy state display in
accordance with an illustrative embodiment;

Figure 6 is an illustration of a flowchart of a process for displaying an
energy state of an aircraft in accordance with an illustrative embodiment; and

Figure 7 is an illustration of a block diagram of a data processing system

in accordance with an illustrative embodiment.

DETAILED DESCRIPTION
The different illustrative embodiments recognize and take into account a
number of different considerations. “A number,” as used herein with reference to items,
means one or more items. For example, “a number of different considerations” means
one or more different considerations.
The different illustrative embodiments recognize and take into account that

currently, the ground speed of an aircraft may not be taken into account to determine
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the energy state of an aircraft during an approach to landing. The different illustrative
embodiments recognize and take into account that using ground speed information to
determine the energy state of an aircraft during approaches may improve the quality
and increase the safety of aircraft landing, especially in adverse weather conditions.

The different illustrative embodiments recognize and take into account that
the information provided to pilots on final approach to landing may not allow the pilot to
respond in a desired manner to changing wind conditions. The different illustrative
embodiments also recognize and take into account that the current algorithms used by
automatic control systems may result in undesired responses to changing wind
conditions on final approach in certain situations. For example, currently, a pilot or
automatic control system may respond to encountering a headwind gust on final
approach to landing by reducing the power setting of the aircraft. However, if the
headwind suddenly goes away, there may not be enough time to increase the power
provided by the aircraft engines before running out of airspeed and altitude, resulting in
landing short of the runway. Such a scenario is possible if the aircraft encounters a
downburst on final approach.

In a downburst, the aircraft typically first encounters a headwind followed
by the downflow itself. Then the aircraft may enter the outflow, resulting in an even
larger sudden change in airspeed. Keeping the ground speed up helps deal with the
downflow and the outflow. Currently, a human pilot or an automatic control system may
not be provided with sufficient or appropriate information for controlling the aircraft in the
most desired and effective manner in response to such situations.

The different illustrative embodiments recognize and take into account that
currently, an approach to landing an aircraft may be flown at a speed that is sufficiently
above the stall speed of the aircraft to provide a reasonable amount of margin for
landing the aircraft on the runway at a desired position and speed in various weather
conditions. For example, a typical approach to landing may be flown at 1.3 times the
stall speed of the aircraft. One half of the steady headwind component and a full gust
factor may be added to determine a target airspeed for the aircraft. This provides a
sufficient margin in most cases. The target airspeed and the wind conditions at the
airport are then used to calculate a desired ground speed for the approach.

In extreme conditions, the typical margin above the stall speed of the

aircraft that may be used during an approach to landing may not be sufficient. A
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downburst is one example of possible extreme conditions. Another example would be
very high winds occurring during extreme weather conditions, such as in a hurricane.
Many airports may have wind shear warning systems or other systems that may provide
the pilot with a warning that such extreme landing conditions may exist. The pilot may
then respond appropriately, such as by adjusting the target approach speed. However,
there are also many other airports that may not have wind shear or other warning
systems of this type. Furthermore, a downburst, or other sudden change in wind
conditions may affect an aircraft before the ground based sensors that are part of a
wind shear warning system or other ground based warning system may detect the
condition.

The different illustrative embodiments provide a system and method for
taking into account the ground speed of an aircraft during an approach and landing
operation. In accordance with an illustrative embodiment, the ground speed of the
aircraft may be used to identify an energy state of the aircraft as the aircraft approaches
a runway to land.

An indication of the energy state of the aircraft may be presented to the
pilot in a manner that allows the pilot to use the information to respond more effectively
to changing wind conditions during the approach to landing. For example, an indication
of the energy state of the aircraft may indicate the difference between the current
energy state of the aircraft and a desired energy state of the aircraft at a current point in
the approach to landing. The pilot may respond by decreasing the power setting of the
aircraft if the current energy state of the aircraft is greater than the desired energy state.
Similarly, the pilot may respond by increasing the power setting of the aircraft if the
current energy state is below the desired energy state.

Since the energy state for the aircraft is determined based on ground
speed, the energy state information displayed to the pilot in the energy state display
reduces the likelihood that the pilot will change the power setting of the aircraft in an
undesired manner in response to changing wind conditions that may affect the airspeed
of the aircraft but does not affect the desired ground speed for landing the aircraft. In
accordance with an illustrative embodiment, the energy state of the aircraft also may be
used as a factor to consider in addition to currently used factors, such as airspeed and
altitude, by an automatic control system for controlling the aircraft during approach and

landing.



10

15

20

25

30

WO 2014/133598 PCT/US2013/067885

Turning now to Figure 1, an illustration of a block diagram of an aircraft is
depicted in accordance with an illustrative embodiment. Aircraft 100 may be any type of
aircraft. For example, without limitation, aircraft 100 may be a passenger aircraft, a
cargo aircraft, a military aircraft, or any other type of aircraft. Aircraft 100 may be
operated by an airline or other commercial entity, a military unit or any other
government entity, or any other public or private entity.

Aircraft 100 may be a manned aircraft or an unmanned aircraft. If aircraft
100 is a manned aircraft, aircraft 100 may be controlled by operator 102 onboard
aircraft 100. For example, operator 102 onboard aircraft 100 may include flight crew
104. Flight crew 104 may include a pilot or other human operator of aircraft 100. If
aircraft 100 is an unmanned aircraft, operator 102 may control aircraft 100 from a
remote location that is not onboard aircraft 100.

State 106 of aircraft 100 may define various characteristics of aircraft 100
at a particular point in time. For example, without limitation, state 106 of aircraft 100
may include location 108, pitch 110, speed 112, and altitude 114 of aircraft 100. Other
characteristics of aircraft 100 may include rate of descent, rate of climb, pitch rate,
acceleration, deceleration, turn rate, bank angle, wind conditions affecting the aircraft,
other characteristics, or various combinations of characteristics. However, not all of
these possible characteristics may be used or displayed in illustrative embodiments.

Location 108 of aircraft 100 may refer to the geographic location of aircraft
100. For example, location 108 may refer to the location of a point on the earth directly
below aircraft 100 when aircraft 100 is in flight. Location 108 may be used to determine
the distance from aircraft 100 to a location of interest. For example, location 108 of
aircraft 100 may be used to determine the distance of aircraft 100 in flight from a runway
on which aircraft 100 is attempting to land.

Location 108 of aircraft also may be used to determine desired energy
state 115. Desired energy state 115 may include an altitude of the approach course at
the current distance from the runway.

Pitch 110 may refer to the nose up or down angle of aircraft 100 relative to
the horizontal. Pitch 110 of aircraft 100 may be changed by operator 102 to control
speed 112, altitude 114, or both speed 112 and altitude 114 of aircraft 100.

Speed 112 of aircraft 100 may be airspeed 116 or ground speed 118.
Airspeed 116 refers to speed 112 of aircraft 100 with respect to the air through which
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aircraft 100 is flying. Ground speed 118 refers to speed 112 of aircraft 100 with respect
to the ground over which aircraft 100 is flying. Pilots fly aircraft based mostly on
indicated airspeed. However, indicated airspeed is not necessarily the true airspeed.
For example, air density and altitude affect true airspeed versus indicated airspeed.
This difference may affect the calculation of desired ground speed based on the
approach indicated speed and the winds. This effect would add to the ground speed
calculated without this taken into account.

State 106 of aircraft 100 at any point in time may be determined by state
detectors 120. State detectors 120 may include various devices and systems on aircraft
100 for identifying the current state 106 of aircraft 100. For example, without limitation,
location 108 of aircraft 100 may be identified using a global positioning system or other
navigation system for determining the current geographic location of aircraft 100. The
locations used in the energy calculations described herein may be the distance from a
runway, which is used to determine the approach slope height at this distance out, and
hence the desired energy.

Pitch 110 of aircraft 100 may be identified using a gyroscope or in another
appropriate manner. Airspeed 116 may be identified using a pitot tube or other
appropriate airspeed measuring device. Ground speed 118 may be identified using any
appropriate ground speed identification system. For example, without limitation, ground
speed 118 may be identified using a global positioning system, distance measuring
equipment, or any other appropriate system or method for identifying ground speed 118.
Altitude 114 of aircraft 100 may be identified using an altimeter or any other appropriate
instrument that may be used to identify altitude 114. For example, altitude 114 may be
part of location 108 that is determined using a global positioning system. Altitude 114
also is used to determine energy state 121 of aircraft 100 in accordance with an
illustrative embodiment.

In accordance with an illustrative embodiment, energy state display
system 122 may be configured to identify energy state 121 of aircraft 100. Energy state
display system 122 may be configured to display an indication of energy state 121 to
operator 102 of aircraft 100 on energy state display 126. Operator 102 may use the
indication of energy state 121 displayed on energy state display 126 to operate aircraft

100 in a more effective manner.
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Energy state 121 of aircraft 100 may refer to the total kinetic and potential
energy of aircraft 100 at a particular point in time. The kinetic energy of aircraft 100 is a
function of speed 112. For example, the kinetic energy of aircraft 100 may be identified
as ¥ M*V?, wherein M is a mass of aircraft 100, and V is ground speed 118 of aircraft
100. In accordance with an illustrative embodiment, energy state display system 122
may identify energy state 121 of aircraft 100 using ground speed 118 to identify the
kinetic energy component of energy state 121. The potential energy for aircraft 100
may be identified as m*g*h, wherein m is the mass of the aircraft, g is the acceleration
due to gravity, e.g., approximately 9.8 meters per second squared, and h is altitude 114
of aircraft 100. Energy state 121 then may be identified as the sum of the kinetic and
potential energy of aircraft 100.

In accordance with an illustrative embodiment, the indication of energy
state 121 presented to operator 102 in energy state display 126 may be an indication of
relative energy state 128. Relative energy state 128 may refer to the difference
between energy state 121 of aircraft 100 and desired energy state 115 for aircraft 100.
For example, energy state 121 of aircraft 100 may be identified at a particular point
where aircraft 100 is descending in an approach for landing. Desired energy state 115
may identify the energy of aircraft 100 at the energy state corresponding to the altitude
of the approach slope at the current distance of the aircraft from the runway and the
desired ground speed.

In this case, relative energy state 128, the difference between energy
state 121 and desired energy state 115, identifies whether aircraft 100 currently has too
much energy or too little energy relative to the ideal energy state which would
correspond to flying the approach slope exactly at the correct altitude and at the desired
ground speed. This will cause aircraft 100 to land at the desired point on the runway at
the desired ground speed 118. By displaying an indication of relative energy state 128
to operator 102 on energy state display 126 in an appropriate manner, operator 102
may be able to identify any appropriate action that may be needed for controlling aircraft
100 to land aircraft 100 at the desired point on the runway and at the desired ground
speed 118 and airspeed 116.

Energy state display system 122 may identify relative energy state 128 for
aircraft 100 from state information 132 provided to energy state display system 122 from

state detectors 120. For example, state information 132 may include information
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identifying the current ground speed 118 and altitude 114 of aircraft 100. In accordance
with an illustrative embodiment, relative energy state 128 may be identified by energy
state display system 122 in a manner that does not require knowledge of the mass of
aircraft 100.

Energy state display 126 may be updated continuously. For example,
without limitation, energy state display 126 may update at least 10 times per second or
at another appropriate rate.

Energy state display 126 may be displayed to operator 102 on any
appropriate operator interface system 134. For example, without limitation, operator
interface system 134 may be located on the flight deck or in any other appropriate
location on aircraft 100. Operator interface system 134 may comprise any appropriate
display device 136 and input device 138. Display device 136 may be configured for
displaying energy state display 126 to operator 102. Input device 138 may be
configured for receiving input 140 from operator 102. For example, energy state display
126 displayed on display device 136 may prompt operator 102 to enter a desired
ground speed 118 for landing aircraft 100. The desired ground speed 118 for landing
aircraft 100 may be provided as input 140 by operator 102 using input device 138. The
desired ground speed 118 of aircraft 100 at landing may be provided to energy state
display system 122 from operator interface system 134. The desired ground speed 118
of aircraft 100 at landing may define desired energy state 115 for aircraft 100 as aircraft
100 is descending in approach for landing. Therefore, energy state display system 122
may use the desired ground speed 118 for aircraft 100 at landing to identify relative
energy state 128.

The illustration of Figure 1 is not meant to imply physical or architectural
limitations to the manner in which different illustrative embodiment may be
implemented. Other components in addition to, in place of, or both in addition to and in
place of the ones illustrated may be used. Some components may be unnecessary in
some illustrative embodiments. Also, the blocks are presented to illustrate some
functional components. One or more of these blocks may be combined or divided into
different blocks when implemented in different illustrative embodiments. For example,
energy state display system 122 and operator interface system 134 may be located on
aircraft 100. In this case, the information presented on energy state display 126 may be

used by flight crew 104 onboard aircraft 100 to control aircraft 100 in a more effective
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manner. In another example, operator 102 may operate aircraft 100 from a remote
location that is not onboard aircraft 100. For example, aircraft 100 may be an
unmanned aircraft that is operated by operator 102 from a remote location that is not
onboard aircraft 100. In this case, energy state display system 122 and operator
interface system 134 may be located at the remote location from which operator 102
controls the operation of aircraft 100. In this case, state detectors 120 onboard aircraft
100 may provide state information 132 from aircraft 100 to energy state display system
122 via any appropriate communications system for providing communications between
aircraft 100 and energy state display system 122 located at a remote location from
aircraft 100.

In another example, operator 102 of aircraft 100 may include an automatic
control system for controlling the operation of aircraft 100 or an automatic control
system in combination with a human operator for controlling the operation of aircraft
100. In this example, an indication of energy state 124 of aircraft 100, such as an
indication of relative energy state 128, may be identified and provided to the automatic
control system. The automatic control system may be configured to use the energy
state information that is provided to control aircraft 100 in a more effective manner.

Turning now to Figure 2, an illustration of a block diagram of an energy
state display system is depicted in accordance with an illustrative embodiment. In this
example, energy state display system 200 is an example of one implementation of
energy state display system 122 in Figure 1.

Energy state display system 200 may include state information receiver
202. State information receiver 202 may be configured to receive information identifying
the current state of an aircraft from various state detectors on the aircraft. For example,
without limitation, state information receiver 202 may be configured to receive
information identifying location 204, pitch 206, altitude 208, ground speed 210, or other
conditions or combinations of conditions of the aircraft.

Ground speed 210 may be identified by ground speed identification
system 212. Ground speed identification system 212 may include any appropriate
device, system, or method for identifying ground speed 210 of an aircraft. For example,
without limitation, ground speed identification system 212 may include global positioning

system 214, distance measuring equipment 216, or any other system or equipment or
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combinations of systems and equipment that may be used to identify ground speed 210
of the aircraft.

State information received by state information receiver 202 may be
provided to energy state identifier 220 in energy state display system 200. For
example, without limitation, energy state identifier 220 may be configured to identify
relative energy state 222 for the aircraft from altitude 208 and ground speed 210 of the
aircraft along with desired ground speed 224. Desired ground speed 224 may be
provided to energy state display system 200 as input from operator 226 of the aircraft
using operator interface 228.

Relative energy state 222 may be provided from energy state identifier
220 to operator interface generator 230 in energy state display system 200. Operator
interface generator 230 may be configured to generate energy state display 232 for
displaying an indication of relative energy state 222. Operator interface generator 230
may use state information for the aircraft from state information receiver 202,
geographical information 234, and information identifying glide slope 236 of the aircraft
to generate energy state display 232. For example, without limitation, geographical
information 234 and glide slope 236 may be obtained by operator interface generator
230 from a number of databases or other sources of information that may be part of, or
accessible by, energy state display system 200.

Energy state display 232 also may be configured to prompt operator 226
to input information via operator interface 228. Such information input by operator 226
may be used by energy state identifier 220, included in energy state display 232 by
operator interface generator 230, or both. For example, desired ground speed 224
input by operator 226 via operator interface 228 may be used by energy state identifier
220 to identify relative energy state 222 and may be displayed in energy state display
232 generated by operator interface generator 230.

Turning now to Figure 3, an illustration of a block diagram of an energy
state display is depicted in accordance with an illustrative embodiment. In this example,
energy state display 300 may be an example of one implementation of energy state
display 126 in Figure 1 or energy state display 232 in Figure 2.

Energy state display 300 may include operator input prompts 302. For
example, without limitation, operator input prompts 302 may prompt the operator of an

aircraft to input information related to a landing such as desired ground speed 304,
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runway surface conditions 306, reported wind conditions 308, or other information or
combinations of information. Information input by the operator in response to operator
input prompts 302 may be displayed as part of energy state display 300.

Energy state display 300 also may include profile view display 310. Profile
view display 310 may present a profile view of an aircraft approach to landing. For
example, without limitation, profile view display 310 may include graphical or other
representations or indications of glide slope 312, runway 314, geographical features
316, aircraft location 318, projection of aircraft location 320, aircraft pitch 322, indication
of energy state 324, and projection of energy state 326. For example, desired stopping
point 327 for an aircraft landing on runway 314 may be any appropriate point on runway
314. Indication of energy state 324 may be an indication of relative energy state 328.
For example, without limitation, indication of energy state 324 may be displayed as
offset 330 from glide slope 312 to indicate relative energy state 328.

Other information that may be displayed in energy state display 300 may
include ground speed 332, estimated touch down airspeed 334, runway information
336, wind information 338, stopping information 340, and warnings 342. Wind
information 338 may include headwind component 344 and crosswind component 346
of wind at landing. Stopping information 340 may include information for identifying
projected stopping point 348. Projected stopping point 348 may be a point on or near a
runway at which the aircraft with the current energy state attempting a landing is
projected to be able to stop. Warnings 342 may include indications that the current
energy state of the aircraft is too high or too low to perform a landing. For example,
warnings 342 may indicate that projected stopping point 348 is short of the runway or
beyond the end of the runway.

Turning now to Figure 4, an illustration of an example of an energy state
display is depicted in accordance with an illustrative embodiment. In this example,
energy state display 400 is an example of one implementation of energy state display
126 in Figure 1, energy state display 232 in Figure 2, or energy state display 300 in
Figure 3.

In this example, energy state display 400 may prompt an operator to enter
target ground speed 402 and information identifying reported winds 404 at landing.
Headwind component 406 and crosswind component 408 of the wind at landing may be

determined from reported winds 404 and displayed on energy state display 400.
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Energy state display 400 may include profile view display 410. Profile
view display 410 may present a profile view of an approach to landing. For example,
profile view display 410 may include line 412 indicating glide slope, a graphical
representation of runway 414, and graphical representation 416 of geographical
features on the approach to landing.

An appropriate symbol 418 may be displayed to indicate the location of
the aircraft. For example, without limitation, symbol 418 may represent a side view of
an aircraft. Arrow 420 extending from symbol 418 may be displayed to indicate a
projection of the aircraft location from the current location. The orientation of symbol
418 may indicate the pitch of the aircraft.

Any appropriate symbol 422 may be used as an indication of the energy
state of the aircraft. Arrow 424 extending from symbol 422 may indicate a projection of
the energy state from the current energy state. The vertical position of symbol 422 with
respect to line 412 indicating the glide slope may indicate the energy state of the aircraft
relative to the desired energy state. In this example, the position of symbol 422
indicates that the energy state of the aircraft is greater than desired. Therefore, in this
case, warning 426 may be displayed to indicate that the energy of the aircraft for the
approach is too high.

Turning now to Figure 5, an illustration of another example of an energy
state display is depicted in accordance with an illustrative embodiment. In this example,
energy state display 500 is another example of one implementation of energy state
display 126 in Figure 1, energy state display 232 in Figure 2, or energy state display
300 in Figure 3.

In this example, energy state display 500 may prompt an operator to enter
target ground speed 502 and information identifying reported winds 504 at landing.
Headwind component 506 and crosswind component 508 of the wind at landing may be
determined from reported winds 504 and displayed on energy state display 500.

Energy state display 500 may include profile view display 510. Profile
view display 510 may present a profile view of an approach to landing. For example,
profile view display 510 may include line 512 indicating glide slope, a graphical
representation of runway 514, and graphical representation 516 of geographical

features on the approach to landing.
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An appropriate symbol 518 may be displayed to indicate the location of
the aircraft. For example, without limitation, symbol 518 may represent a side view of
an aircraft. Arrow 520 extending from symbol 418 may be displayed to indicate a
projection of the aircraft location from the current location. The orientation of symbol
418 may indicate the pitch of the aircraft.

Any appropriate symbol 522 may be used as an indication of the energy
state of the aircraft. Arrow 524 extending from symbol 522 may indicate a projection of
the energy state from the current energy state. The vertical position of symbol 522 with
respect to line 512 indicating the glide slope may indicate the energy state of the aircraft
relative to the desired energy state. The amount of vertical displacement of the energy
symbol may be calculated by solving the equation: the current energy state of the
aircraft minus the desired energy state for the aircraft equals mgh for h, wherein m is
the mass of the aircraft, g is the acceleration due to gravity, e.g., approximately 9.8
meters per second squared, and h is altitude. The current energy state and the desired
energy state of the aircraft are both a function of m. Therefore, when solving for h, m
drops out of this equation, so the mass of the aircraft need not be known to solve this
equation for h. The determined value for h then may be plotted to the same scale as
the vertical profile view. The zero point of this energy or h scale is set at a point on the
approach slope at the current distance of the aircraft from the runway. In this example,
the vertical position of symbol 522 with respect to line 512 indicating the glide slope
indicates that the energy state of the aircraft is less than desired. Therefore, in this
case, warning 526 may be displayed to indicate that the energy of the aircraft for the
approach is too low.

Turning now to Figure 6, an illustration of a flowchart of a process for
displaying an energy state of an aircraft is depicted in accordance with an illustrative
embodiment. The process in Figure 6 may be implemented, for example, in energy
state display system 200 in Figure 2.

The process may begin by receiving speed and altitude information
(operation 602). Position information, such as the distance of the aircraft from a
runway, also may be received. Desired speed information also may be received
(operation 604). For example, desired speed information may be a desired ground

speed at landing provided by an operator of the aircraft.
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The relative energy state of the aircraft then may be identified (operation
606). For example, the relative energy state may be identified using the received speed
and altitude information and the received desired speed information. An indication of
the energy state of the aircraft then may be displayed (operation 608), with the process
terminating thereafter. For example, an indication of the relative energy state of the
aircraft may be displayed in an energy state display.

Turning now to Figure 7, an illustration of a block diagram of a data
processing system is depicted in accordance with an illustrative embodiment. In this
example, data processing system 700 is an example of one implementation of a data
processing system for implementing energy state display system 200 in Figure 2.

In this illustrative example, data processing system 700 includes
communications fabric 702. Communications fabric 702 provides communications
between processor unit 704, memory 706, persistent storage 708, communications unit
710, input/output (I/O) unit 712, and display 714. Memory 706, persistent storage 708,
communications unit 710, input/output (I/O) unit 712, and display 714 are examples of
resources accessible by processor unit 704 via communications fabric 702.

Processor unit 704 serves to run instructions for software that may be
loaded into memory 706. Processor unit 704 may be a number of processors, a multi-
processor core, or some other type of processor, depending on the particular
implementation. Further, processor unit 704 may be implemented using a number of
heterogeneous processor systems in which a main processor is present with secondary
processors on a single chip. As another illustrative example, processor unit 704 may be a
symmetric multi-processor system containing multiple processors of the same type.

Memory 706 and persistent storage 708 are examples of storage devices
716. A storage device is any piece of hardware that is capable of storing information,
such as, for example, without limitation, data, program code in functional form, and
other suitable information either on a temporary basis or a permanent basis. Storage
devices 716 also may be referred to as computer readable storage devices in these
examples. Memory 706, in these examples, may be, for example, a random access
memory or any other suitable volatile or non-volatile storage device. Persistent storage
708 may take various forms, depending on the particular implementation.

For example, persistent storage 708 may contain one or more

components or devices. For example, persistent storage 708 may be a hard drive, a
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flash memory, a rewritable optical disk, a rewritable magnetic tape, or some
combination of the above. The media used by persistent storage 708 also may be
removable. For example, a removable hard drive may be used for persistent storage
708.

Communications unit 710, in these examples, provides for
communications with other data processing systems or devices. In these examples,
communications unit 710 is a network interface card. Communications unit 710 may
provide communications through the use of either or both physical and wireless
communications links.

Input/output (1/0) unit 712 allows for input and output of data with other
devices that may be connected to data processing system 700. For example,
input/output (1/0) unit 712 may provide a connection for user input through a keyboard,
a mouse, and/or some other suitable input device. Further, input/output (I/O) unit 712
may send output to a printer. Display 714 provides a mechanism to display information
to a user.

Instructions for the operating system, applications, and/or programs may
be located in storage devices 716, which are in communication with processor unit 704
through communications fabric 702. In these illustrative examples, the instructions are
in a functional form on persistent storage 708. These instructions may be loaded into
memory 706 for execution by processor unit 704. The processes of the different
embodiments may be performed by processor unit 704 using computer-implemented
instructions, which may be located in a memory, such as memory 706.

These instructions are referred to as program instructions, program code,
computer usable program code, or computer readable program code that may be read
and executed by a processor in processor unit 704. The program code in the different
embodiments may be embodied on different physical or computer readable storage
media, such as memory 706 or persistent storage 708.

Program code 718 is located in a functional form on computer readable
media 720 that is selectively removable and may be loaded onto or transferred to data
processing system 700 for execution by processor unit 704. Program code 718 and
computer readable media 720 form computer program product 722 in these examples.
In one example, computer readable media 720 may be computer readable storage
media 724 or computer readable signal media 726.
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Computer readable storage media 724 may include, for example, an
optical or magnetic disk that is inserted or placed into a drive or other device that is part
of persistent storage 708 for transfer onto a storage device, such as a hard drive, that is
part of persistent storage 708. Computer readable storage media 724 also may take
the form of a persistent storage, such as a hard drive, a thumb drive, or a flash memory,
that is connected to data processing system 700. In some instances, computer
readable storage media 724 may not be removable from data processing system 700.

In these examples, computer readable storage media 724 is a physical or
tangible storage device used to store program code 718 rather than a medium that
propagates or transmits program code 718. Computer readable storage media 724 is
also referred to as a computer readable tangible storage device or a computer readable
physical storage device. In other words, computer readable storage media 724 is a
media that can be touched by a person.

Alternatively, program code 718 may be transferred to data processing
system 700 using computer readable signal media 726. Computer readable signal
media 726 may be, for example, a propagated data signal containing program code
718. For example, computer readable signal media 726 may be an electromagnetic
signal, an optical signal, and/or any other suitable type of signal. These signals may be
transmitted over communications links, such as wireless communications links, optical
fiber cable, coaxial cable, a wire, and/or any other suitable type of communications link.
In other words, the communications link and/or the connection may be physical or
wireless in the illustrative examples.

In some illustrative embodiments, program code 718 may be downloaded
over a network to persistent storage 708 from another device or data processing system
through computer readable signal media 726 for use within data processing system
700. For instance, program code stored in a computer readable storage medium in a
server data processing system may be downloaded over a network from the server to
data processing system 700. The data processing system providing program code 718
may be a server computer, a client computer, or some other device capable of storing
and transmitting program code 718.

The different components illustrated for data processing system 700 are
not meant to provide architectural limitations to the manner in which different

embodiments may be implemented. The different illustrative embodiments may be
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implemented in a data processing system including components in addition to and/or in
place of those illustrated for data processing system 700. Other components shown in
Figure 7 can be varied from the illustrative examples shown. The different
embodiments may be implemented using any hardware device or system capable of
running program code. As one example, data processing system 700 may include
organic components integrated with inorganic components and/or may be comprised
entirely of organic components excluding a human being. For example, a storage
device may be comprised of an organic semiconductor.

In another illustrative example, processor unit 704 may take the form of a
hardware unit that has circuits that are manufactured or configured for a particular use.
This type of hardware may perform operations without needing program code to be
loaded into a memory from a storage device to be configured to perform the operations.

For example, when processor unit 704 takes the form of a hardware unit,
processor unit 704 may be a circuit system, an application specific integrated circuit
(ASIC), a programmable logic device, or some other suitable type of hardware
configured to perform a number of operations. With a programmable logic device, the
device is configured to perform the number of operations. The device may be
reconfigured at a later time or may be permanently configured to perform the number of
operations. Examples of programmable logic devices include, for example, a
programmable logic array, a programmable array logic, a field programmable logic
array, a field programmable gate array, and other suitable hardware devices. With this
type of implementation, program code 718 may be omitted, because the processes for
the different embodiments are implemented in a hardware unit.

In still another illustrative example, processor unit 704 may be
implemented using a combination of processors found in computers and hardware
units. Processor unit 704 may have a number of hardware units and a number of
processors that are configured to run program code 718. With this depicted example,
some of the processes may be implemented in the number of hardware units, while
other processes may be implemented in the number of processors.

In another example, a bus system may be used to implement
communications fabric 702 and may be comprised of one or more buses, such as a

system bus or an input/output bus. Of course, the bus system may be implemented
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using any suitable type of architecture that provides for a transfer of data between
different components or devices attached to the bus system.

Additionally, communications unit 710 may include a number of devices
that transmit data, receive data, or both transmit and receive data. Communications
unit 710 may be, for example, a modem or a network adapter, two network adapters, or
some combination thereof. Further, a memory may be, for example, memory 706, or a
cache, such as that found in an interface and memory controller hub that may be present
in communications fabric 702.

The flowcharts and block diagrams described herein illustrate the
architecture, functionality, and operation of possible implementations of systems,
methods, and computer program products according to various illustrative
embodiments. In this regard, each block in the flowcharts or block diagrams may
represent a module, segment, or portion of code, which comprises one or more
executable instructions for implementing the specified logical function or functions. It
should also be noted that, in some alternative implementations, the functions noted in a
block may occur out of the order noted in the figures. For example, the functions of two
blocks shown in succession may be executed substantially concurrently, or the
functions of the blocks may sometimes be executed in the reverse order, depending
upon the functionality involved.

The description of the different illustrative embodiments has been
presented for purposes of illustration and description and is not intended to be
exhaustive or to limit the embodiments in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the art. Further, different
illustrative embodiments may provide different benefits as compared to other illustrative
embodiments. The embodiment or embodiments selected are chosen and described in
order to best explain the principles of the embodiments, the practical application, and to
enable others of ordinary skill in the art to understand the disclosure for various
embodiments with various modifications as are suited to the particular use

contemplated.
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CLAIMS:

What is claimed is:

1. A method for displaying an energy state (121) of an aircraft (100), comprising:

identifying, by a processor unit (704), the energy state (121) of the aircraft (100)
based on a speed (112) of the aircraft (100) and an altitude (114) of the aircraft (100);
and

displaying, by the processor unit (704), an indication of the energy state (121).

2. The method of claim 1, wherein identifying the energy state (121) of the aircraft
(100) comprises identifying the energy state (121) of the aircraft (100) based on a
ground speed (118) of the aircraft (100) and the altitude (114) of the aircraft (100).

3. The method of claim 2 further comprising:

identifying, during an approach of the aircraft (100) to landing on a runway (314),
a projected stopping point (348) for the aircraft (100) using the energy state (121) of the
aircraft (100) based on the ground speed (118) of the aircraft (100); and

displaying a warning (426) when the projected stopping point (348) for the aircraft
(100) is not a desired stopping point (327) for the aircraft (100) on the runway (314).

4. The method of claim 1 further comprising:

identifying a relative energy state (128) of the aircraft (100) based on a difference
between the energy state (121) of the aircraft (100) and a desired energy state (115) for
the aircraft (100) and wherein displaying the indication of the energy state (121)

comprises displaying an indication of the relative energy state (128) of the aircraft (100).

5. The method of claim 4, wherein:

the desired energy state (115) is determined based on a desired ground speed
(118) for the aircraft (100); and

the indication of the relative energy state (128) identifies how much altitude (114)
the aircraft (100) at the desired ground speed (118) would have to have the relative

energy state (128).
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6. The method of claim 4 further comprising:

displaying in a profile view display (310) a representation of a glide slope (312)
for the aircraft (100); and

displaying the indication of the relative energy state (128) of the aircraft (100)

relative to the representation of the glide slope (312).

7. The method of claim 6, wherein:

a direction of the indication of the relative energy state (128) from the
representation of the glide slope (312) identifies whether the energy state (121) of the
aircraft (100) is greater than or less than the desired energy state (115) for the aircraft
(100); and

a distance of the indication of the relative energy state (128) from the
representation of the glide slope (312) identifies an amount by which the energy state
(121) of the aircraft (100) is greater than or less than the desired energy state (115) for
the aircraft (100), wherein an amount of vertical displacement of the indication of the
relative energy state (128) from the representation of the glide slope is calculated by
solving the equation: energy state (121) minus desired energy state (115) equals mgh
for h, wherein m is the mass of the aircraft (100), g is the acceleration due to gravity,
and h is altitude, and then converting h to a scale of the profile view display (310) to
determine the amount of vertical displacement of the indication of the relative energy
state (128) from the representation of the glide slope (312) at a point on the glide slope

(312) corresponding to a distance of the aircraft (100) from a runway (314).

8. An apparatus, comprising:

an energy state identifier (220) configured to identify an energy state (121) of an
aircraft (100) based on a speed (112) of the aircraft (100) and an altitude (114) of the
aircraft (100); and

an operator interface generator (230) configured to generate an energy state

display (126) comprising an indication of the energy state (121).
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9. The apparatus of claim 8, wherein the energy state identifier (220) is configured
to identify the energy state (121) of the aircraft (100) based on a ground speed (118) of
the aircraft (100) and the altitude (114) of the aircraft (100).

10.  The apparatus of claim 9, wherein the operator interface generator (230) is
further configured to:

identify, during an approach of the aircraft (100) to landing on a runway (314), a
projected stopping point (348) for the aircraft (100) using the energy state (121) of the
aircraft (100) based on the ground speed (118) of the aircraft (100); and

display a warning (426) when the projected stopping point (348) for the aircraft
(100) is not a desired stopping point (327) for the aircraft (100) on the runway (314).

11.  The apparatus of claim 8, wherein:

the energy state identifier (220) is configured to identify a relative energy state
(128) of the aircraft (100) based on a difference between the energy state (121) of the
aircraft (100) and a desired energy state (115) for the aircraft (100); and

the operator interface generator (230) is configured to display an indication of the

relative energy state (128) of the aircraft (100).

12. The apparatus of claim 11, wherein:

the desired energy state (115) is determined based on a desired ground speed
(118) for the aircraft (100); and

the indication of the relative energy state (128) identifies how much altitude (114)
the aircraft (100) at the desired ground speed (118) would have to have the relative

energy state (128).

13. The apparatus of claim 11, wherein the operator interface generator (230) is
configured to:

display a representation of a glide slope (312) for the aircraft (100) in a profile
view display (310); and

display the indication of the relative energy state (128) of the aircraft (100)

relative to the representation of the glide slope (312).
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14.  The apparatus of claim 13, wherein:

a direction of the indication of the relative energy state (128) from the
representation of the glide slope (312) identifies whether the energy state (121) of the
aircraft (100) is greater than or less than the desired energy state (115) for the aircraft
(100); and

a distance of the indication of the relative energy state (128) from the
representation of the glide slope (312) identifies an amount by which the energy state
(121) of the aircraft (100) is greater than or less than the desired energy state (115) for
the aircraft (100).

15. A method for identifying a projected stopping point (348) of an aircraft (100),
comprising:

identifying, by a processor unit (704), an energy state (121) of the aircraft (100)
during an approach to landing using a ground speed (118) of the aircraft (100) and an
altitude (114) of the aircraft (100); and

identifying, by the processor unit (704), the projected stopping point (348) of the
aircraft (100) using the energy state (121) of the aircraft (100).

16.  The method of claim 15 further comprising:
displaying a warning (426) when the projected stopping point (348) is not a
desired stopping point (327) for the aircraft (100).

17.  The method of claim 15 further comprising:

displaying a representation of a runway (314) to which the aircraft (100) is
making the approach to landing; and

displaying an indication of the projected stopping point (348) with respect to the

representation of the runway (314).

18.  The method of claim 17, wherein identifying the energy state (121) of the aircraft
(100) comprises identifying a relative energy state (128) of the aircraft (100) based on a
difference between the energy state (121) of the aircraft (100) and a desired energy
state (115) for the aircraft (100), wherein the desired energy state (115) is determined
using a desired ground speed (118) for the aircraft (100).
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19.  The method of claim 18, wherein an indication of the relative energy state (128)
identifies how much altitude (114) the aircraft (100) at the desired ground speed (118)

would have to have the relative energy state (128).

20. The method of claim 18 further comprising:

displaying in a profile view display (310) the representation of the runway (314), a
representation of a glide slope (312) for the aircraft (100), and an indication of the
relative energy state (128) of the aircraft (100) relative to the representation of the glide

slope (312).
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