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(54) SYSTEM AND METHOD TO DISPLAY DIFFERENTIAL GROUND SPEED ON A COCKPIT 
DISPLAY

(57) Systems and methods are provided for display-
ing differential ground speed for traffic surrounding an
aircraft. The system includes an aircraft control panel in
a cockpit of an ownship aircraft and a digital traffic display
located on the control panel. The digital traffic display
provides cockpit display of traffic information (CDTI) that
shows a speed scale with a graphical display of the
ground speed of the ownship aircraft and the ground
speed of traffic to follow (TTF). The separation scale also
shows a graphical display of a separation distance be-
tween the ownship aircraft and the TTF. A change in sep-
aration distance is calculated based of the difference in
ground speed between the ownship aircraft and the TTF.
An advisory/warning indicator that shows a color-coded
status of the change in separation distance in comparison
a pre-determined desired separation distance between
the ownship aircraft and the TTF.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to India Provi-
sional Patent Application No. 202311010790, filed Feb-
ruary 17, 2023, the entire content of which is incorporated
by reference herein.

TECHNICAL FIELD

[0002] The present invention generally relates to air-
craft operations, and more particularly relates to a system
and method to display differential ground speed on a
cockpit display.

BACKGROUND

[0003] Presently, Cockpit Display of Traffic Information
(CDTI) provides digital indication of ground speed of an
aircraft. CDTI Assisted Visual Separation (CAVS) allows
use of a traffic display of alphanumerical data to maintain
separation from the Traffic to Follow (TTF) during a visual
separation approach. However, interpreting alphanu-
merical information is generally slower and more cogni-
tively demanding than interpreting graphical information.
Hence, there is a need for a system and method to display
differential ground speed graphically on a cockpit display.

BRIEF SUMMARY

[0004] This summary is provided to describe select
concepts in a simplified form that are further described
in the Detailed Description. This summary is not intended
to identify key or essential features of the claimed subject
matter, nor is it intended to be used as an aid in deter-
mining the scope of the claimed subject matter.
[0005] A system is provided for displaying differential
ground speed for traffic surrounding an aircraft. The sys-
tem comprises: an aircraft control panel in a cockpit of
an ownship aircraft; and a digital traffic display for pro-
viding cockpit display of traffic information (CDTI), where
the digital traffic display is located on the control panel
and shows, a speed scale that shows a graphical display
of ground speed of the ownship aircraft and ground speed
of traffic to follow (TTF), a separation scale that shows a
graphical display of a separation distance between the
ownship aircraft and the TTF, where a change in the sep-
aration distance is calculated based of the ground speed
difference between the ownship aircraft and the TTF over
a pre-determined time period, and an advisory/warning
indicator that shows a color-coded status of a predicted
change in separation distance in comparison a pre-de-
termined desired separation distance between the own-
ship aircraft and the TTF.
[0006] A method is provided for displaying differential
ground speed for traffic surrounding an aircraft. The
method comprises: showing a speed scale that depicts

a graphical display of ground speed of an ownship aircraft
and ground speed of traffic to follow (TTF) on a digital
traffic display for providing cockpit display of traffic infor-
mation (CDTI) of the ownship aircraft; showing a sepa-
ration scale that shows a graphical display of a separation
distance between the ownship aircraft and the TTF,
where a change in the separation distance is calculated
based of the ground speed difference between the own-
ship aircraft and the TTF over a pre-determined time pe-
riod; and showing an advisory/warning indicator of a
color-coded status of a predicted change in separation
distance in comparison a pre-determined desired sepa-
ration distance between the ownship aircraft and the TTF.
[0007] Furthermore, other desirable features and char-
acteristics of the method and system will become appar-
ent from the subsequent detailed description and the ap-
pended claims, taken in conjunction with the accompa-
nying drawings and the preceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will hereinafter be de-
scribed in conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

FIG. 1 shows a vehicle system that includes a display
system and a graphics system in accordance with
one embodiment;

FIG.2 shows a graphical display of ground speed of
ownship and ground speed of traffic to follow (TTF)
with the separation within a defined limit in accord-
ance with one embodiment;

FIG. 3 shows a graphical display of ground speed of
ownship and ground speed of TTF with the separa-
tion below the defined limit in accordance with one
embodiment;

FIG. 4 shows a graphical display of ground speed of
ownship and ground speed of TTF with the separa-
tion below the minimum separation in accordance
with one embodiment;

FIG. 5 shows a graphical display of ground speed of
ownship and a faster ground speed of traffic to follow
(TTF) with the separation within a defined limit in
accordance with one embodiment;

FIG. 6 shows a graphical display of ground speed of
ownship and a slower ground speed of traffic to follow
(TTF) within the separation within a defined time limit
in accordance with one embodiment; and

FIG. 7 shows a flowchart for a method for displaying
differential ground speed for traffic surrounding an
aircraft in accordance with one embodiment.
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DETAILED DESCRIPTION

[0009] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. As used here-
in, the word "exemplary" means "serving as an example,
instance, or illustration." Thus, any embodiment de-
scribed herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other em-
bodiments. All of the embodiments described herein are
exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to
limit the scope of the invention which is defined by the
claims. Furthermore, there is no intention to be bound by
any expressed or implied theory presented in the pre-
ceding technical field, background, brief summary, or the
following detailed description.
[0010] As used herein, the term module refers to any
hardware, software, firmware, electronic control compo-
nent, processing logic, and/or processor device, individ-
ually or in any combination, including without limitation:
application specific integrated circuit (ASIC), an electron-
ic circuit, a processor (shared, dedicated, or group) and
memory that executes one or more software or firmware
programs, a combinational logic circuit, and/or other suit-
able components that provide the described functionality.
The provided system and method may be separate from,
or integrated within, a preexisting mobile platform man-
agement system, avionics system, or aircraft flight man-
agement system (FMS).
[0011] Systems and methods have been developed for
displaying differential ground speed for traffic surround-
ing an aircraft. The system includes an aircraft control
panel in a cockpit of an ownship aircraft and a digital
traffic display located on the control panel. The digital
traffic display provides cockpit display of traffic informa-
tion (CDTI) that shows a speed scale with a graphical
display of the ground speed of the ownship aircraft and
the ground speed of traffic to follow (TTF). The separation
scale also shows a graphical display of a separation dis-
tance between the user’s aircraft ("ownship") and the
TTF. A change in separation distance is calculated based
of the difference in ground speed between the ownship
and the TTF. An advisory/warning indicator that shows
a color-coded status of the change in separation distance
in comparison a pre-determined desired separation dis-
tance between the ownship aircraft and the TTF.
[0012] CDTI Assisted Visual Separation (CAVS) pro-
vide a Traffic Display to be used in order maintain sep-
aration from the TTF during a visual separation approach.
According to the operational requirement of CAVS, fol-
lowing parameters need to be monitored while maintain-
ing separation from the TTF: ground speed of the own-
ship; ground speed of the TTF; horizontal range from the
TTF; and the differential in ground speeds.
[0013] The differential ground speed provides an indi-
cation about the trend of the separation. When the own-
ship is faster than the TTF, the separation decreases

over time. Conversely, when the ownship is slower than
the TTF, the separation increases over time. Flight crews
need to compare the TTF ground speed and the ownship
ground speed to get a sense of the separation trends. If
the advisory separation distance that was set by the pilot
will be violated, an advisory is need for the pilot to take
corrective action to maintain the required separation.
There is an advantage to depict the differential ground
speed in an intuitive manner so that it provides an indi-
cation on the change in separation. This will enable the
pilot to maintain the desired separation more efficiently
by taking proactive action based on the graphical repre-
sentation provided on the display.
[0014] Turning now to FIG. 1, in the depicted embod-
iment, the vehicle system 102 includes: the control mod-
ule 104 that is operationally coupled to a communication
system 106, an imaging system 108, a navigation system
110, a user input device 112, a display system 114, and
a graphics system 116. The operation of these functional
blocks is described in more detail below. In the described
embodiments, the depicted vehicle system 102 is gen-
erally realized as an aircraft flight deck display system
within a vehicle 100 that is an aircraft; however, the con-
cepts presented here can be deployed in a variety of
mobile platforms, such as land vehicles, spacecraft, wa-
tercraft, and the like. Accordingly, in various embodi-
ments, the vehicle system 102 may be associated with
or form part of larger aircraft management system, such
as a flight management system (FMS).
[0015] In the illustrated embodiment, the control mod-
ule 104 is coupled to the communications system 106,
which is configured to support communications between
external data source(s) 120 and the aircraft. External
source(s) 120 may comprise air traffic control (ATC), or
other suitable command centers and ground locations.
Data received from the external source(s) 120 includes
the instantaneous, or current, visibility report associated
with a target landing location or identified runway. In this
regard, the communications system 106 may be realized
using a radio communication system or another suitable
data link system.
[0016] The imaging system 108 is configured to use
sensing devices to generate video or still images and
provide image data therefrom. The imaging system 108
may comprise one or more sensing devices, such as
cameras, each with an associated sensing method. Ac-
cordingly, the video or still images generated by the im-
aging system 108 may be referred to herein as generated
images, sensor images, or sensed images, and the im-
age data may be referred to as sensed data.
[0017] In other embodiments, the imaging system 108
may be a surveillance system which provides information
about the surrounding aircraft. Examples include a traffic
collision avoidance system (TCAS), an automatic de-
pendent surveillance - broadcast (ADS-B), a traffic infor-
mation service - broadcast (TIS-B), etc. In another em-
bodiment, the imaging system 108 comprises an infrared
("IR") based video camera, low-light TV camera, or a mil-
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limeter wave (MMW) video camera. The IR camera sens-
es infrared radiation to create an image in a manner that
is similar to an optical camera sensing visible light to cre-
ate an image. In another embodiment, the imaging sys-
tem 108 comprises a radar based video camera system.
Radar based systems emit pulses of electromagnetic ra-
diation and listen for, or sense, associated return echoes.
The radar system may generate an image or video based
upon the sensed echoes. In another embodiment, the
imaging system 108 may comprise a sonar system. The
imaging system 108 uses methods other than visible light
to generate images, and the sensing devices within the
imaging system 108 are much more sensitive than a hu-
man eye. Consequently, the generated images may com-
prise objects, such as mountains, buildings, or ground
objects, that a pilot might not otherwise see due to low
visibility conditions.
[0018] In various embodiments, the imaging system
108 may be mounted in or near the nose of the aircraft
(vehicle 100) and calibrated to align an imaging region
with a viewing region of a primary flight display (PFD) or
a Head Up display (HUD) rendered on the display system
114. For example, the imaging system 108 may be con-
figured so that a geometric center of its field of view (FOV)
is aligned with or otherwise corresponds to the geometric
center of the viewing region on the display system 114.
In this regard, the imaging system 108 may be oriented
or otherwise directed substantially parallel to an antici-
pated line-of-sight for a pilot and/or crew member in the
cockpit of the aircraft to effectively capture a forward look-
ing cockpit view in the respective displayed image. In
some embodiments, the displayed images on the display
system 114 are three dimensional, and the imaging sys-
tem 108 generates a synthetic perspective view of terrain
in front of the aircraft. The synthetic perspective view of
terrain in front of the aircraft is generated to match the
direct out-the-window view of a crew member, and may
be based on the current position, attitude, and pointing
information received from a navigation system 110, or
other aircraft and/or flight management systems.
[0019] Navigation system 110 is configured to provide
real-time navigational data and/or information regarding
operation of the aircraft. The navigation system 110 may
be realized as a global positioning system (GPS), inertial
reference system (IRS), or a radio-based navigation sys-
tem (e.g., VHF omni-directional radio range (VOR) or
long range aid to navigation (LORAN)), and may include
one or more navigational radios or other sensors suitably
configured to support operation of the navigation system
110, as will be appreciated in the art. The navigation sys-
tem 110 is capable of obtaining and/or determining the
current or instantaneous position and location informa-
tion of the aircraft (e.g., the current latitude and longitude)
and the current altitude or above ground level for the
aircraft. Additionally, in an exemplary embodiment, the
navigation system 110 includes inertial reference sen-
sors capable of obtaining or otherwise determining the
attitude or orientation (e.g., the pitch, roll, and yaw, head-

ing) of the aircraft relative to earth.
[0020] The user input device 112 is coupled to the con-
trol module 104, and the user input device 112 and the
control module 104 are cooperatively configured to allow
a user (e.g., a pilot, co-pilot, or crew member) to interact
with the display system 114 and/or other elements of the
vehicle system 102 in a conventional manner. The user
input device 112 may include any one, or combination,
of various known user input device devices including, but
not limited to: a touch sensitive screen; a cursor control
device (CCD) (not shown), such as a mouse, a trackball,
or joystick; a keyboard; one or more buttons, switches,
or knobs; a voice input system; and a gesture recognition
system. In embodiments using a touch sensitive screen,
the user input device 112 may be integrated with a display
device. Non-limiting examples of uses for the user input
device 112 include: entering values for stored variables
164, loading or updating instructions and applications
160, and loading and updating the contents of the data-
base 156, each described in more detail below.
[0021] The generated images from the imaging system
108 are provided to the control module 104 in the form
of image data. The control module 104 is configured to
receive the image data and convert and render the image
data into display commands that command and control
the renderings of the display system 114. This conversion
and rendering may be performed, at least in part, by the
graphics system 116. In some embodiments, the graph-
ics system 116 may be integrated within the control mod-
ule 104; in other embodiments, the graphics system 116
may be integrated within the display system 114. Re-
gardless of the state of integration of these subsystems,
responsive to receiving display commands from the con-
trol module 104, the display system 114 displays,
renders, or otherwise conveys one or more graphical rep-
resentations or displayed images based on the image
data (i.e., sensor based images) and associated with op-
eration of the vehicle 100, as described in greater detail
below. In various embodiments, images displayed on the
display system 114 may also be responsive to processed
user input that was received via a user input device 112.
[0022] In general, the display system 114 may include
any device or apparatus suitable for displaying flight in-
formation or other data associated with operation of the
aircraft in a format viewable by a user. Display methods
include various types of computer generated symbols,
text, and graphic information representing, for example,
pitch, heading, flight path, airspeed, altitude, runway in-
formation, waypoints, targets, obstacle, terrain, and re-
quired navigation performance (RNP) data in an integrat-
ed, multi-color or monochrome form. In practice, the dis-
play system 114 may be part of, or include, a primary
flight display (PFD) system, a panel-mounted head down
display (HDD), a head up display (HUD), a head mounted
display system, such as a "near to eye display" system,
a multi-function display (MFD) or any suitable handheld
device such as an electronic flight bag (EFB), a tablet or
smartphone. The display system 114 may comprise dis-
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play devices that provide three dimensional or two di-
mensional images, and may provide synthetic vision im-
aging. Non-limiting examples of such display devices in-
clude cathode ray tube (CRT) displays, and flat panel
displays such as LCD (liquid crystal displays) and TFT
(thin film transistor) displays. Accordingly, each display
device responds to a communication protocol that is ei-
ther two-dimensional or three, and may support the over-
lay of text, alphanumeric information, or visual symbolo-
gy.
[0023] As mentioned, the control module 104 performs
the functions of the vehicle system 102. With continued
reference to FIG. 1, within the control module 104, the
processor 150 and the memory 152 (having therein the
program 162) form a novel processing engine that per-
forms the described processing activities in accordance
with the program 162, as is described in more detail be-
low. The control module 104 generates display signals
that command and control the display system 114.
[0024] The control module 104 includes an interface
154, communicatively coupled to the processor 150 and
memory 152 (via a bus 155), database 156, and an op-
tional storage disk 158. In various embodiments, the con-
trol module 104 performs actions and other functions in
accordance with other embodiments. The processor 150
may comprise any type of processor or multiple proces-
sors, single integrated circuits such as a microprocessor,
or any suitable number of integrated circuit devices
and/or circuit boards working in cooperation to carry out
the described operations, tasks, and functions by manip-
ulating electrical signals representing data bits at mem-
ory locations in the system memory, as well as other
processing of signals.
[0025] The memory 152, the database 156, or a disk
158 maintain data bits and may be utilized by the proc-
essor 150 as both storage and a scratch pad. The mem-
ory locations where data bits are maintained are physical
locations that have particular electrical, magnetic, opti-
cal, or organic properties corresponding to the data bits.
The memory 152 can be any type of suitable computer
readable storage medium. For example, the memory 152
may include various types of dynamic random access
memory (DRAM) such as SDRAM, the various types of
static RAM (SRAM), and the various types of non-volatile
memory (PROM, EPROM, and flash). In certain exam-
ples, the memory 152 is located on and/or co-located on
the same computer chip as the processor 150. In the
depicted embodiment, the memory 152 stores the above-
referenced instructions and applications 160 along with
one or more configurable variables in stored variables
164. The database 156 and the disk 158 are computer
readable storage media in the form of any suitable type
of storage apparatus, including direct access storage de-
vices such as hard disk drives, flash systems, floppy disk
drives and optical disk drives. The database may include
an airport database (comprising airport features) and a
terrain database (comprising terrain features). In combi-
nation, the features from the airport database and the

terrain database are referred to map features. Informa-
tion in the database 156 may be organized and/or im-
ported from an external source 120 during an initialization
step of a process.
[0026] The bus 155 serves to transmit programs, data,
status and other information or signals between the var-
ious components of the control module 104. The bus 155
can be any suitable physical or logical means of connect-
ing computer systems and components. This includes,
but is not limited to, direct hard-wired connections, fiber
optics, infrared and wireless bus technologies.
[0027] The interface 154 enables communications
within the control module 104, can include one or more
network interfaces to communicate with other systems
or components, and can be implemented using any suit-
able method and apparatus. For example, the interface
154 enables communication from a system driver and/or
another computer system. In one embodiment, the inter-
face 154 obtains data from external data source(s) 120
directly. The interface 154 may also include one or more
network interfaces to communicate with technicians,
and/or one or more storage interfaces to connect to stor-
age apparatuses, such as the database 156.
[0028] It will be appreciated that the vehicle system
102 may differ from the embodiment depicted in FIG. 1.
As mentioned, the vehicle system 102 can be integrated
with an existing flight management system (FMS) or air-
craft flight deck display.
[0029] During operation, the processor 150 loads and
executes one or more programs, algorithms and rules
embodied as instructions and applications 160 contained
within the memory 152 and, as such, controls the general
operation of the control module 104 as well as the vehicle
system 102. In executing the process described herein,
the processor 150 specifically loads and executes the
novel program 162. Additionally, the processor 150 is
configured to process received inputs (any combination
of input from the communication system 106, the imaging
system 108, the navigation system 110, and user input
provided via user input device 112), reference the data-
base 156 in accordance with the program 162, and gen-
erate display commands that command and control the
display system 114 based thereon.
[0030] While maintaining separation from the TTF, a
pilot needs to monitor separation as well as the differen-
tial ground speed. For example, the current separation
might be high but if the differential ground speed is also
high, the separation will reduce very quickly and the pilot
needs to take corrective action. On the converse, if the
separation is near the desired distance and the differen-
tial ground speed is low or nil, then the current separation
will be maintained for a longer time and the pilot may not
be requires to take any corrective action.
[0031] Embodiments of the system method helps the
pilot visualize the speed difference and its impact on the
separation. The pilot may then take corrective action
without excessive cognitive effort. It may also provide an
indication of the applicable limit of the ground speed
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based on the phase of the flight so that pilot does not
change speed beyond the allowable range to maintain
the separation. Embodiments of the display system will
enhance pilot’s ability to quickly identify the differential
ground speed while following an aircraft. The graphical
representation of the change in separation will help the
pilot to decide if any immediate speed correction is re-
quired. It’s representation of differential ground speed
and its impact on separation will reduce the head down
time which is important as the pilot also needs to ob-
serve/search TTF out the window (OTW).
[0032] The proposed system provides graphical rep-
resentation of the differential ground speed and its impact
on the change in separation distance/time after a prede-
fined time. Embodiments display a graphical scale on the
cockpit display when the aircraft is following a traffic. In
some embodiments, the right side of the scale provides
the ground speed information of the ownship aircraft and
the TTF. The ownship aircraft’s ground speed is repre-
sented at the center of the tape, with the TTF aircraft’s
ground speed indication placed below or above the own-
ship aircraft’s ground speed indication, based on whether
the TTF aircraft is slower or faster than the ownship air-
craft. This graphic representation gives the pilot an intu-
itive visual cue about the differential ground speed, with-
out referring the digital readout.
[0033] In some embodiments, the left side of the scale
provides the separation distance information. The middle
marker on the scale represents the current separation
between the ownship and the TTF. The range of the sep-
aration scale is decided based on the separation that will
be reduced/increased in a predefined time (e.g., 30 sec)
with the maximum differential ground speed depicted on
the right side of the scale (e.g., 30 knots).
[0034] If there is a difference in the ground speed be-
tween the ownship and the TTF, the system calculates
the change in separation after the pre-defined time based
on the differential ground speed. The change in separa-
tion distance may be represented by a cross-hatched
area on the scale. If the current differential ground speed
maintains the separation above the pilot defined desired
separation distance after the predefined time, then the
differential ground speed depiction scale may be colored
in non-advisory/non-warning color (e.g., green or white).
If the current differential ground speed reduces the sep-
aration below the pilot defined desired separation dis-
tance after the predefined time, then the differential
ground speed depiction scale may be colored in an ad-
visory color (e.g., cyan). If the current differential ground
speed reduces the separation below the minimum sep-
aration distance defined for the specific operation (e.g.,
for CAVS minimum separation distance is defined as
1.4nm), then the differential ground speed depiction
scale is colored in a warning color (e.g., amber).
[0035] In summary, the graphical representation pro-
vides a correlation between the current differential
ground speed and the change in separation after a pre-
defined time. This enables the pilot to proactively take

corrective action, like adjusting speed or track, to bring
the predicted separation within the pilot defined separa-
tion distance. The system depicts the permissible speed
range for specific phase of the flight so that while chang-
ing the speed to maintain the separation pilot does not
reduce/increase the speed beyond the permissible
speed range.
[0036] Figures 2-6 illustrate depictions of differential
ground speed and impact to the separation in some em-
bodiments. In these examples, the pilot has defined the
desired separation as 4 nautical miles (NM) from the TTF
while performing a CDTI Assisted Visual Separation Ap-
proach (CAVS). Turing now to FIG.2, a graphical display
200 is shown of the ground speed of ownship 202 and
the ground speed of TTF 204 with the separation within
a defined limit in accordance with one embodiment. As
shown, the ground speed of the ownship 202 is 200 Knots
and ground speed of the TTF 204 is 185 Knots. Current
separation is 5NM 206. As the TTF is flying slower than
the ownship, it is represented below the ownship on the
scale. Based on the differential ground speed, the pre-
dicted separation after 30 seconds 208 will reduce by
0.125 NM, which is indicated by the cross-hatched area
in the tape. The final separation after 30 seconds will be
4.875 NM, which is above the defined desired separation.
As the current differential ground speed will not cause
any separation violation after a predefined time, the de-
piction of the differential ground speed on the scale is
colored in a non-advisory/non-warning color 210 (e.g.,
green in the figure).
[0037] Turning now to FIG. 3, a graphical display 300
is shown of ground speed of the ownship 302 and the
ground speed of TTF 304 with the separation below the
defined limit in accordance with one embodiment. With
the passage of time, due to the ownship speed 302 being
greater than the TTF speed 304, the distance of separa-
tion is bound to decrease. As shown, the current sepa-
ration 306 has reached 4.10 NM. The predicted separa-
tion distance after 30 seconds 308 will be 3.975 NM,
which is below the desired separation distance defined
by the pilot. As the current differential ground speed will
cause the separation to be reduced below the desired
separation after a predefined time, the depiction of the
differential ground speed on the scale is colored in an
advisory color 310 (e.g., cyan in the figure). This indica-
tion provides pilot sufficient time to decrease his ground
speed to maintain the defined separation.
[0038] Turning now to FIG. 4, a graphical display 400
is shown of ground speed of the ownship 402 and ground
speed of the TTF 404 with the separation below the min-
imum separation in accordance with one embodiment. If
the pilot continues to fly with same speed, the separation
distance will further reduce. As shown, the current sep-
aration 406 has reached to 1.5 NM. The predicted sep-
aration distance after 30 seconds 408 will be 1.375 NM,
which is below the minimum separation that must be
maintained in CAVS operation. As the current differential
ground speed will cause the separation to be reduced
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below the minimum separation after a predefined time,
the depiction of the differential ground speed on the scale
is colored in warning color 410 (e.g., amber in the figure).
[0039] Turning now to FIG. 5, a graphical display 500
is shown of ground speed of the ownship 502 and a faster
ground speed of the TTF 504 with the separation within
a defined limit in accordance with one embodiment. In
another example, if the TTF aircraft is flying faster than
the ownship aircraft, then TTF is represented above the
ownship on the scale and the separation distance will
increase with the time. As shown, as the separation dis-
tance 506 will remain above the defined separation dis-
tance, the depiction of the differential ground speed 510
on the scale is colored in green.
[0040] Turning now to FIG. 6, a graphical display 600
is shown of ground speed of the ownship 602 and a slow-
er ground speed of the TTF 604 with the separation within
a defined time limit 606 in accordance with one embod-
iment. If both the TTF and the ownship aircraft are moving
at or near the same speed, then there will be no change
in the separation distance 608 in the course of time. So,
there may be no cross-hatched area displayed on the
scale in some embodiments. As the current differential
ground speed will not cause any separation violation after
a predefined time, the depiction of the differential ground
speed on the scale is colored in a non-advisory/non-
warning color 610 (e.g., green in the figure). In this ex-
ample, the scale provides another representation of the
scale where the current separation 606 and change in
separation 608 are depicted in terms of time in sec in-
stead of distance in NM.
[0041] Turning now to FIG. 7, a flowchart 700 is shown
for a method for displaying differential ground speed for
traffic surrounding an aircraft in accordance with one em-
bodiment. First, the ground speed of the ownship 702
and the ground speed of the TTF 704 is determined. A
speed scale is shown 706 that depicts a graphical display
of ground speed of an ownship aircraft and ground speed
of traffic to follow (TTF) on a digital traffic display for pro-
viding cockpit display of traffic information (CDTI) of the
ownship aircraft. A separation scale is shown that depicts
a graphical display of a separation distance between the
ownship aircraft and the TTF. Any change in the sepa-
ration distance is calculated 708 based on the difference
in ground speed between the ownship aircraft and the
TTF. The separation distance with reference to time is
determined whether or not to be within a predetermined
limit 710. An advisory/warning indicator of a color-coded
status is shown of the change in separation distance in
comparison a pre-determined desired separation dis-
tance between the ownship aircraft and the TTF. The
different colors shown indicate either a warning 712 of
the separation distance being too close or an advisory
714 that the separation distance is acceptable.
[0042] Techniques and technologies may be de-
scribed herein in terms of functional and/or logical block
components, and with reference to symbolic represen-
tations of operations, processing tasks, and functions

that may be performed by various computing compo-
nents or devices. Such operations, tasks, and functions
are sometimes referred to as being computer-executed,
computerized, software-implemented, or computer-im-
plemented. In practice, one or more processor devices
can carry out the described operations, tasks, and func-
tions by manipulating electrical signals representing data
bits at memory locations in the system memory, as well
as other processing of signals. The memory locations
where data bits are maintained are physical locations
that have particular electrical, magnetic, optical, or or-
ganic properties corresponding to the data bits. It should
be appreciated that the various block components shown
in the figures may be realized by any number of hardware,
software, and/or firmware components configured to per-
form the specified functions. For example, an embodi-
ment of a system or a component may employ various
integrated circuit components, e.g., memory elements,
digital signal processing elements, logic elements, look-
up tables, or the like, which may carry out a variety of
functions under the control of one or more microproces-
sors or other control devices.
[0043] When implemented in software or firmware,
various elements of the systems described herein are
essentially the code segments or instructions that per-
form the various tasks. The program or code segments
can be stored in a processor-readable medium or trans-
mitted by a computer data signal embodied in a carrier
wave over a transmission medium or communication
path. The "computer-readable medium", "processor-
readable medium", or "machine-readable medium" may
include any medium that can store or transfer informa-
tion. Examples of the processor-readable medium in-
clude an electronic circuit, a semiconductor memory de-
vice, a ROM, a flash memory, an erasable ROM (EROM),
a floppy diskette, a CD-ROM, an optical disk, a hard disk,
a fiber optic medium, a radio frequency (RF) link, or the
like. The computer data signal may include any signal
that can propagate over a transmission medium such as
electronic network channels, optical fibers, air, electro-
magnetic paths, or RF links. The code segments may be
downloaded via computer networks such as the Internet,
an intranet, a LAN, or the like.
[0044] The following description refers to elements or
nodes or features being "connected" or "coupled" togeth-
er. As used herein, unless expressly stated otherwise,
"coupled" means that one element/node/feature is direct-
ly or indirectly joined to (or directly or indirectly commu-
nicates with) another element/node/feature, and not nec-
essarily mechanically. Likewise, unless expressly stated
otherwise, "connected" means that one ele-
ment/node/feature is directly joined to (or directly com-
municates with) another element/node/feature, and not
necessarily mechanically. Thus, additional intervening
elements, devices, features, or components may be
present in an embodiment of the depicted subject matter.
[0045] In addition, certain terminology may also be
used in the following description for the purpose of ref-
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erence only, and thus are not intended to be limiting. For
example, terms such as "upper", "lower", "above", and
"below" refer to directions in the drawings to which ref-
erence is made. Terms such as "front", "back", "rear",
"side", "outboard", and "inboard" describe the orientation
and/or location of portions of the component within a con-
sistent but arbitrary frame of reference which is made
clear by reference to the text and the associated drawings
describing the component under discussion. Such termi-
nology may include the words specifically mentioned
above, derivatives thereof, and words of similar import.
Similarly, the terms "first", "second", and other such nu-
merical terms referring to structures do not imply a se-
quence or order unless clearly indicated by the context.
[0046] For the sake of brevity, conventional techniques
related to signal processing, data transmission, signal-
ing, network control, and other functional aspects of the
systems (and the individual operating components of the
systems) may not be described in detail herein. Further-
more, the connecting lines shown in the various figures
contained herein are intended to represent exemplary
functional relationships and/or physical couplings be-
tween the various elements. It should be noted that many
alternative or additional functional relationships or phys-
ical connections may be present in an embodiment of
the subject matter.

Claims

1. A system for displaying differential ground speed for
traffic surrounding an aircraft, comprising:

an aircraft control panel in a cockpit of an own-
ship aircraft; and
a digital traffic display for providing cockpit dis-
play of traffic information (CDTI), where the dig-
ital traffic display is located on the control panel
and shows,

a speed scale that shows a graphical dis-
play of ground speed of the ownship aircraft
and ground speed of traffic to follow (TTF),
a separation scale that shows a graphical
display of a separation distance between
the ownship aircraft and the TTF, where the
separation scale is graphically co-located
with the speed scale and where a change
in the separation distance is calculated
based on the ground speed difference be-
tween the ownship aircraft and the TTF over
a pre-determined time period, and
an advisory/warning indicator that shows a
color-coded status of a predicted change in
separation distance in comparison a pre-
determined desired separation distance be-
tween the ownship aircraft and the TTF.

2. The system of Claim 1, where the ground speed of
the TTF is faster than the ground speed of the own-
ship aircraft.

3. The system of Claim 1, where the ground speed of
the TTF is slower than the ground speed of the own-
ship aircraft.

4. The system of Claim 1, where the advisory/warning
indicator shows a color that indicates the separation
distance between the ownship aircraft and the TTF
is less than the pre-determined desired separation
distance.

5. The system of Claim 1, where the advisory indicator
shows a color that indicates the separation distance
between the ownship aircraft and the TTF is greater
than the pre-determined desired separation dis-
tance.

6. The system of Claim 1, where the warning indicator
shows a color that indicates the separation distance
between the ownship aircraft and the TTF is less
than a minimum pre-determined desired separation
distance.

7. The system of Claim 1, where the change in sepa-
ration distance is increasing.

8. The system of Claim 1, where the change in sepa-
ration distance is decreasing.

9. The system of Claim 1, where the change in sepa-
ration distance is stable.

10. The system of Claim 1, where the change in sepa-
ration distance is determined with reference to a spe-
cific time period.
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