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SYSTEMAND DISPLAYELEMENT FOR 
DISPLAYING WAYPOINT MARKERS WITH 
INTEGRATED ALTTUDE CONSTRAINT 

INFORMATION 

TECHNICAL FIELD 

0001 Embodiments of the subject matter described herein 
relate generally to avionics systems such as flight display 
systems. More particularly, embodiments of the Subject mat 
ter relate to a flight deck display system that generates a 
perspective view of terrain and waypoint markers. 

BACKGROUND 

0002 Modern flight deck displays for vehicles (such as 
aircraft or spacecraft) display a considerable amount of infor 
mation, such as vehicle position, speed, altitude, attitude, 
navigation, target, and terrain information. In the case of an 
aircraft, most modern displays additionally display a flight 
plan from different views, either a lateral view, a vertical view, 
or a perspective view, which can be displayed individually or 
simultaneously on the same display. 
0003. The lateral view, generally known as a lateral map 
display, is basically a top-view of the flight plan, and may 
include, for example, a top-view aircraft symbol, waypoint 
symbols, line segments that interconnect the waypoint sym 
bols, and range rings. The lateral map may also include Vari 
ous map features including, for example, weather informa 
tion, terrain information, political boundaries, and navigation 
aids. The terrain information may include situational aware 
ness (SA) terrain, as well as terrain cautions and warnings 
which, among other things, may indicate terrain that may 
impact the aircraft. The perspective view provides a three 
dimensional view of the vehicle flight plan and may include 
one or more of the above-mentioned features that are dis 
played on the lateral map, including the terrain information. 
0004 Altitude data may be displayed as a numerical value 
that indicates the presentaltitude inappropriate units, such as 
feet or meters. An altimeter tape is a graphical element that 
can be used to display altitude information on a flight deck 
display element in an easy-to-read manner. An altimeter tape 
is typically rendered as a small window having a scrolling 
numerical range dynamically displayed therein. As the alti 
tude of the aircraft changes, the altitude scale of the tape 
dynamically adjusts such that the current altitude is displayed 
at a designated location, e.g., near the center of the window. 
Thus, if the aircraft is flying at a constant altitude of 6500 feet, 
the altitude scale will appear stationary, with the number 6500 
centered in the window. If the aircraft begins to descend, the 
altitude scale will begin to scroll within the window, the 
number 6500 will migrate towards the top of the window, and 
lower elevation numbers will appear near the bottom of the 
window and begin migrating upwards. 
0005. An aircraft might be subject to certain altitude con 
straints, depending upon the flight plan, the geographic loca 
tion of the aircraft, etc. For example, an aircraft may be 
restricted such that it must fly at or above a designated altitude 
when in one geographical region, at or below a designated 
altitude when in another geographical region, or between 
upper and lower altitude boundaries when in yet another 
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geographical region. As another example, when landing, an 
aircraft will have a target altitude that is associated with the 
particular landing location. 

BRIEF SUMMARY 

0006. A flight deck display system, a display element, and 
related operating methods described herein can be utilized to 
display a waypoint marker or indicator in a perspective view 
of terrain, where the waypoint marker conveys altitude con 
straint or restriction information in a visually perceptible 
manner. The waypoint marker includes visually distinguish 
able characteristics that indicate whether the waypoint is 
associated with an at-or-above constraint, anat-or-below con 
straint, a between constraint, or a specified altitude constraint. 
0007. In accordance with one embodiment, a flight deck 
display System for an aircraft is provided. The system 
includes a processor architecture and a display element 
coupled to the processor architecture. The processor archi 
tecture is configured to receive waypoint location data for 
waypoints, terrain data, aircraft geographic position data for 
the aircraft, and restriction data for the waypoints. The pro 
cessor architecture is also configured to generate image ren 
dering display commands based upon the waypoint location 
data, the terrain data, the restriction data, and the aircraft 
geographic position data. The display element is configured 
to receive the image rendering display commands and, in 
response thereto, to render a perspective view of terrain cor 
responding to a flight deck viewpoint. In addition, the display 
element renders a waypoint marker, which corresponds to an 
approaching waypoint, in the perspective view of terrain. The 
content and appearance of the waypoint marker are influ 
enced by an aircraft operating parameter restriction for the 
approaching waypoint. 
0008. The above and other aspects may be carried out by 
an embodiment of a flight deck display element having ren 
dered thereon a perspective view of terrain corresponding to 
a viewpoint from the flight deck, and having rendered thereon 
a waypoint marker in the perspective view of terrain. The 
waypoint marker corresponds to a waypoint in a flight plan, 
and the waypoint marker includes a primary icon having a 
first region and a second region. The first region and the 
second region have different visually distinguishable charac 
teristics that represent whether the waypoint marker is asso 
ciated with an at-or-above altitude constraint or an at-or 
below altitude constraint. The waypoint marker also includes 
an altitude bar indicative of a nominal altitude corresponding 
to the waypoint, wherein the perspective view of terrain, the 
primary icon, and the altitudebar are rendered in a conformal 
manner relative to the earth. 
0009. Also provided is a flight deck display element hav 
ing rendered thereon a perspective view of terrain corre 
sponding to a viewpoint from the flight deck, and having 
rendered thereon a waypoint marker in the perspective view 
of terrain. The waypoint marker corresponds to a waypoint in 
a flight plan, and the waypoint marker includes a primary icon 
representing the waypoint and a first altitudebar indicative of 
a first altitude constraint associated with the waypoint. The 
perspective view of terrain, the primary icon, and the first 
altitudebar are rendered in a conformal manner relative to the 
earth. 
0010. This summary is provided to introduce a selection of 
concepts in a simplified form that are further described below 
in the detailed description. This summary is not intended to 
identify key features or essential features of the claimed sub 
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ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed Subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. A more complete understanding of the subject mat 
ter may be derived by referring to the detailed description and 
claims when considered in conjunction with the following 
figures, wherein like reference numbers refer to similar ele 
ments throughout the figures. 
0012 FIG. 1 is a schematic representation of an embodi 
ment of a flight deck display system; 
0013 FIG. 2 is a simplified chart that illustrates a flight 
plan of an aircraft relative to three geographical waypoints; 
0014 FIG.3 is a graphical representation of an exemplary 
screen shot that can be rendered on a flight deck display 
element; 
0015 FIG. 4 is a schematic representation of an embodi 
ment of a graphical lateral situation display element; 
0016 FIG. 5 is a simplified graphical representation of the 
screen shot depicted in FIG. 3; 
0017 FIG. 6 is a schematic representation of a waypoint 
marker associated with an at-or-above constraint; 
0018 FIG. 7 is a schematic representation of a waypoint 
marker associated with an at-or-below constraint; 
0019 FIG. 8 is a schematic representation of a waypoint 
marker associated with a between constraint, as viewed when 
the aircraft is relatively far away from the waypoint; and 
0020 FIG.9 is a schematic representation of the waypoint 
marker shown in FIG. 8, as viewed when the aircraft is rela 
tively close to the waypoint. 

DETAILED DESCRIPTION 

0021. The following detailed description is merely illus 
trative in nature and is not intended to limit the embodiments 
of the Subject matter or the application and uses of Such 
embodiments. As used herein, the word “exemplary' means 
'serving as an example, instance, or illustration.” Any imple 
mentation described hereinas exemplary is not necessarily to 
be construed as preferred or advantageous over other imple 
mentations. Furthermore, there is no intention to be bound by 
any expressed or implied theory presented in the preceding 
technical field, background, brief Summary or the following 
detailed description. 
0022 Techniques and technologies may be described 
herein in terms of functional and/or logical block compo 
nents, and with reference to symbolic representations of 
operations, processing tasks, and functions that may be per 
formed by various computing components or devices. Such 
operations, tasks, and functions are sometimes referred to as 
being computer-executed, computerized, Software-imple 
mented, or computer-implemented. 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 perform the specified 
functions. For example, an embodiment of a system or a 
component may employ various integrated circuit compo 
nents, e.g., memory elements, digital signal processing ele 
ments, logic elements, look-up tables, or the like, which may 
carry out a variety of functions under the control of one or 
more microprocessors or other control devices. 
0023 The following description refers to elements or 
nodes or features being "coupled together. As used herein, 
unless expressly stated otherwise, “coupled' means that one 
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element/node/feature is directly or indirectly joined to (or 
directly or indirectly communicates with) another element/ 
node/feature, and not necessarily mechanically. Thus, 
although the schematic shown in FIG. 1 depicts one exem 
plary arrangement of elements, additional intervening ele 
ments, devices, features, or components may be present in an 
embodiment of the depicted subject matter. 
0024 Traditional means of displaying approach proce 
dures for aircraft require the pilot to refer to paper, a logbook, 
a displayed image of paper, or a separate lateral map display. 
Altitude constraint information, which specifies acceptable 
descent altitudes based upon the position (e.g., latitude and 
longitude) of the aircraft, is a particularly important compo 
nent of these procedures. However, to act on the information 
with the appropriate display (the altimeter), the pilot has to 
rehearse, remember, or review the constraint information 
until the constraint is safely passed. This traditional proce 
dure can be cumbersome and it can create an additional work 
load burden on the flight crew. 
0025. In accordance with the embodiments described 
herein, agraphically displayed waypoint marker conveys alti 
tude restriction information in a manner that is easy and 
intuitive to interpret. The waypoint marker is rendered on a 
perspective view of terrain in a manner that conforms to the 
earth. The altitude constraint information is conveyed using 
visually distinguishable characteristics and/or graphical ele 
ments of the waypoint marker. Access to terminal approach 
procedure charts facilitates the gathering of the altitude con 
straint information, and allows the flight deck display system 
to present Such constraint information at the appropriate time 
during flight. This display technique enables the pilot to 
quickly and intuitively view the location of approaching way 
points and any corresponding altitude constraints on a realis 
tic display that emulates the flight deck viewpoint. 
0026 FIG. 1 depicts an exemplary flight deck display 
system 100 that generally includes, without limitation: a user 
interface 102; a processor architecture 104 coupled to user 
interface 102; and a display element 106 coupled to processor 
architecture 104. System 100 may also include, cooperate 
with, and/or communicate with a number of databases, 
sources of data, or the like. Moreover, system 100 may 
include, cooperate with, and/or communicate with a number 
of external subsystems as described in more detail below. For 
example, processor architecture 104 may cooperate with one 
or more of the following components, features, data sources, 
and Subsystems, without limitation: one or more terrain data 
bases 108; one or more navigation databases 110; a position 
ing Subsystem 111; a navigation computer 112; an air traffic 
control (ATC) datalink 113: a runway awareness and advisory 
system (RAAS) 114; an instrument landing system (ILS) 
116; a flight director 118; a source of weather data 120; a 
terrain avoidance and warning system (TAWS) 122; a traffic 
and collision avoidance system (TCAS) 124; one or more 
inertial sensors 126; and one or more terrain sensors 128. 
0027. User interface 102 is in operable communication 
with processor architecture 104 and is configured to receive 
input from a user 130 (e.g., a pilot) and, in response to the user 
input, Supply command signals to processor architecture 104. 
User interface 102 may be any one, or combination, of various 
known user interface devices including, but not limited to, a 
cursor control device (CCD) 132, such as a mouse, a track 
ball, or joystick, one or more buttons, Switches, or knobs. In 
the depicted embodiment, user interface 102 includes CCD 
132 and a keyboard 134. The user 130 manipulates CCD 132 
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to, among other things, move cursor symbols that might be 
rendered at various times on display element 106, and the user 
130 may manipulate keyboard 134 to, among other things, 
input textual data. As depicted in FIG. 1, user interface 102 
may also be utilized to enable user interaction with navigation 
computer 112, the flight management system, and/or other 
features and components of the aircraft. 
0028 Processor architecture 104 may utilize one or more 
known general-purpose microprocessors or an application 
specific processor that operates in response to program 
instructions. In the depicted embodiment, processor architec 
ture 104 includes or communicates with onboard RAM (ran 
dom access memory) 136, and onboard ROM (read only 
memory) 138. The program instructions that control proces 
sor architecture 104 may be stored in either or both RAM 136 
and ROM 138. For example, the operating system software 
may be stored in ROM 138, whereas various operating mode 
Software routines and various operational parameters may be 
stored in RAM 136. It will be appreciated that this is merely 
exemplary of one scheme for storing operating system soft 
ware and Software routines, and that various other storage 
schemes may be implemented. It will also be appreciated that 
processor architecture 104 may be implemented using Vari 
ous other circuits, not just a programmable processor. For 
example, digital logic circuits and analog signal processing 
circuits could also be used. 

0029 Processor architecture 104 is in operable communi 
cation with terrain database 108, navigation database 110. 
and display element 106, and is coupled to receive various 
types of data, information, commands, signals, etc., from the 
various sensors, data sources, instruments, and Subsystems 
described herein. For example, processor architecture 104 is 
Suitably configured to obtain and process avionics-related 
data as needed to generate a graphical and perspective (three 
dimensional) representation of terrain and waypoint markers 
having the features and characteristics described below with 
reference to FIGS. 3-9. 

0030. In certain embodiments, processor architecture 104 
is configured to respond to inertial data obtained by inertial 
sensors 126 to selectively retrieve terrain data from terrain 
database 108 or terrain sensor 128 and navigation data from 
navigation database 110. Processor architecture 104 can also 
Supply appropriate display commands to display element 
106, so that the retrieved terrain and navigation data are 
appropriately displayed on display element 106. Processor 
architecture 104 is further configured to receive airspeed, 
altitude, waypoint, and geographic position data for the air 
craft and, based upon that data, generate image rendering 
commands associated with the display of terrain and way 
point markers (that include graphical representations of posi 
tion-dependent altitude constraint information). The pre 
ferred manner in which the waypoints and constraint data are 
displayed on display element 106 will be described in more 
detail further below. 

0031 Display element 106 is used to display various 
images and data, in both a graphical and a textual format, and 
to supply visual feedback to the user 130 in response to the 
user input commands supplied by the user 130 to user inter 
face 102. It will be appreciated that display element 106 may 
be any one of numerous known displays Suitable for render 
ing image and/or text data in a format viewable by the user 
130. Non-limiting examples of such displays include various 
cathode ray tube (CRT) displays, and various flat panel dis 
plays such as, various types of LCD (liquid crystal display), 
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OLED, and TFT (thin film transistor) displays. Display ele 
ment 106 may additionally be based on a panel mounted 
display, a HUD projection, or any known technology. In an 
exemplary embodiment, display element 106 includes a panel 
display, and display element 106 is suitably configured to 
receive image rendering commands from processor architec 
ture 104 and, in response thereto, display element 106 renders 
a perspective view of terrain corresponding to a flight deck 
viewpoint, along with waypoint markers that correspond to 
approaching waypoints. To provide a more complete descrip 
tion of the operating method that is implemented by system 
100, a general description of display element 106 and various 
graphical features rendered thereon will provided below with 
reference to FIGS. 3-9. 

0032. As FIG. 1 shows, processor architecture 104 is in 
operable communication with the source of weather data 120, 
TAWS 122, and TCAS 124, and is additionally configured to 
generate, format, and Supply appropriate display commands 
to display element 106 so that the avionics data, weather data 
120, data from TAWS 122, data from TCAS 124, and data 
from the previously mentioned external systems may also be 
selectively rendered in graphical form on display element 
106. The data from TCAS 124 can include Automatic Depen 
dent Surveillance Broadcast (ADS-B) messages. 
0033 Terrain database 108 includes various types of data, 
including elevation data, representative of the terrain over 
which the aircraft is flying. The terrain data can be used to 
generate a three dimensional perspective view of terrain in a 
manner that appears conformal to the earth. In other words, 
the display emulates a realistic view of the terrain from the 
flight deck or cockpit perspective. The data in terrain database 
108 can be pre-loaded by external data sources or provided in 
real-time by terrain sensor 128. Terrain sensor 128 provides 
real-time terrain data to processor architecture 104 and/or 
terrain database 108. In one embodiment, terrain data from 
terrain sensor 128 is used to populate all or part of terrain 
database 108, while in another embodiment, terrain sensor 
128 provides information directly, or through components 
other than terrain database 108, to processor architecture 104. 
0034. In another embodiment, terrain sensor 128 can 
include visible, low-light TV, infrared, lidar, or radar-type 
sensors that collect and/or process terrain data. For example, 
terrain sensor 128 can be a radar sensor that transmits radar 
pulses and receives reflected echoes, which can be amplified 
to generate a radar signal. The radar signals can then be 
processed to generate three-dimensional orthogonal coordi 
nate information having a horizontal coordinate, vertical 
coordinate, and depth or elevation coordinate. The coordinate 
information can be stored interrain database 108 or processed 
for display on display element 106. 
0035. In one embodiment, the terrain data provided to 
processor architecture 104 is a combination of data from 
terrain database 108 and terrain sensor 128. For example, 
processor architecture 104 can be programmed to retrieve 
certain types of terrain data from terrain database 108 and 
other certain types of terrain data from terrain sensor 128. In 
one embodiment, terrain data retrieved from terrain sensor 
128 can include movable terrain, such as mobile buildings 
and systems. This type of terrain data is better suited for 
terrain sensor 128 to provide the most up-to-date data avail 
able. For example, types of information such as waterbody 
information and geopolitical boundaries can be provided by 
terrain database 108. When terrain sensor 128 detects, for 
example, a waterbody, the existence of such can be confirmed 
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by terrain database 108 and rendered in a particular color such 
as blue by processor architecture 104. 
0036 Navigation database 110 includes various types of 
navigation-related data stored therein. In preferred embodi 
ments, navigation database 110 is an onboard database that is 
carried by the aircraft. The navigation-related data include 
various flight plan related data such as, for example, and 
without limitation: waypoint location data for geographical 
waypoints; restricted, constrained, or target altitude values 
(such as target altitudes, upper altitude limits, or lower alti 
tude limits) corresponding to geographical waypoints; dis 
tances between waypoints; track between waypoints; 
restricted, constrained, or target airspeed values (such as tar 
get airspeeds, upper airspeed limits, or lower airspeed limits) 
corresponding to geographical waypoints; data related to dif 
ferent airports; navigational aids; obstructions; special use 
airspace; restricted, constrained, or target altitude/airspeed 
values corresponding to special use airspace; political bound 
aries; communication frequencies; and aircraft approach 
information. In one embodiment, combinations of naviga 
tion-related data and terrain data can be displayed. For 
example, terrain data gathered by terrain sensor 128 and/or 
terrain database 108 can be displayed with navigation data 
Such as waypoints, airports, etc. from navigation database 
110, superimposed thereon. As described in more detail 
below, processor architecture 104 may be suitably configured 
to access position-dependent and/or geographically corre 
lated altitude or airspeed constraint information from naviga 
tion database 110, and process such constraint information 
for display with one or more approaching waypoint markers 
in a graphical representation of terrain. 
0037 Although terrain database 108 and navigation data 
base 110 are, for clarity and convenience, shown as being 
stored separate from processor architecture 104, all or por 
tions of either or both of these databases 108, 110 could be 
loaded into the onboard RAM 136, stored in ROM 138, or 
integrally formed as part of processor architecture 104. Ter 
rain database 108 and navigation database 110 could also be 
part of a device or system that is physically separate from 
system 100. 
0038 Positioning subsystem 111 is suitably configured to 
obtain position data for the aircraft. In practice, positioning 
subsystem 111 monitors the current position of the aircraft in 
real-time, and the real-time position data can be used by one 
or more other Subsystems, processing modules, or equipment 
on the aircraft (e.g., navigation computer 112, RAAS 114, 
ILS 116, flight director 118, TAWS 122, or TCAS 124). In 
certain embodiments, positioning Subsystem 111 is realized 
using global positioning system (GPS) technologies that are 
commonly deployed in avionics applications. Thus, the posi 
tion data obtained by positioning Subsystem 111 may repre 
sent the latitude and longitude of the aircraft in an ongoing 
and continuously updated manner. 
0039. The avionics data that is supplied from inertial sen 
sors 126 includes data representative of the state of the aircraft 
Such as, for example, aircraft speed, altitude, and heading. 
Inertial sensors 126 can include MEMS-based, ADHRS-re 
lated, or any other type of inertial sensor. Inertial sensors 126 
may include at least one sensor that is Suitably configured to 
obtain altitude data for the aircraft, where the altitude data 
represents the current real-time altitude of the aircraft. As 
understood by those familiar with avionics instruments, the 
altitude data is preferably updated in a continuous and ongo 
ing manner. 
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0040. The weather data 120 supplied to processor archi 
tecture 104 is representative of at least the location and type of 
various weather cells. The data supplied from TCAS 124 
includes data representative of other aircraft in the vicinity, 
which may include, for example, speed, direction, altitude, 
and altitude trend. In a preferred embodiment, processor 
architecture 104, in response to the TCAS data, supplies 
appropriate display commands to display element 106 Such 
that a graphic representation of each aircraft in the vicinity is 
displayed on display element 106. TAWS 122 supplies data 
representative of the location of terrain that may be a threat to 
the aircraft. Processor architecture 104, in response to the 
TAWS data, preferably supplies appropriate display com 
mands to display element 106 such that the potential threat 
terrain is displayed in various colors depending on the level of 
threat. For example, red is used for warnings (immediate 
danger), yellow is used for cautions (possible danger), and 
green is used for terrain that is not a threat. It will be appre 
ciated that these colors and number of threat levels are merely 
exemplary, and that other colors and different numbers of 
threat levels can be provided as a matter of choice. 
0041 As was previously alluded to, one or more other 
external systems (or Subsystems) may also provide avionics 
related data to processor architecture 104 for display on dis 
play element 106. In the depicted embodiment, these external 
systems include a flight director 118, an instrument landing 
system (ILS) 116, a runway awareness and advisory system 
(RAAS) 114, and a navigation computer 112. Flight director 
118, as is generally known, Supplies command data represen 
tative of commands for piloting the aircraft in response to 
flight crew entered data, or various inertial and avionics data 
received from external systems. The command data Supplied 
by flight director 118 may be supplied to processor architec 
ture 104 and displayed on display element 106 for use by the 
user 130, or the data may be supplied to an autopilot (not 
illustrated). The autopilot, in turn, produces appropriate con 
trol signals that cause the aircraft to fly in accordance with the 
flight crew entered data, or the inertial and avionics data. 
0042. ILS 116 is a radio navigation system that provides 
the aircraft with horizontal and vertical guidance just before 
and during landing and, at certain fixed points, indicates the 
distance to the reference point of landing. The system 
includes ground-based transmitters (not shown) that transmit 
radio frequency signals. ILS 116 onboard the aircraft receives 
these signals and Supplies appropriate data to the processor 
for display of, for example, an ILS feather (not shown in FIG. 
1) on the display element 106. The ILS feather represents two 
signals, a localizer signal that is used to provide lateral guid 
ance, and a glide slope signal that is used for vertical guid 
aCC. 

0043 RAAS 114 provides improved situational aware 
ness to help lower the probability of runway incursions by 
providing timely aural advisories to the flight crew during 
taxi, takeoff, final approach, landing and rollout. RAAS 114 
uses GPS data to determine aircraft position and compares 
aircraft position to airport location data stored in navigation 
database 110. Based on these comparisons, RAAS 114, if 
necessary, issues appropriate aural advisories. Aural adviso 
ries, which may be issued by RAAS114, inform the user 130, 
among other things of when the aircraft is approaching a 
runway, either on the ground or from the air at times such as 
when the aircraft has entered and is aligned with a runway, 
when the runway is not long enough for the particular aircraft, 
the distance remaining to the end of the runway as the aircraft 
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is landing or during a rejected takeoff, when the user 130 
inadvertently begins to take off from a taxiway, and when an 
aircraft has been immobile on a runway for an extended time. 
During approach, data from sources such as GPS, including 
RNP and RNAV, can also be considered. 
0044 Navigation computer 112 is used, among other 
things, to allow the user 130 to program a flight plan from one 
destination to another. Navigation computer 112 may be in 
operable communication with flight director 118. As was 
mentioned above, flight director 118 may be used to auto 
matically fly, or assist the user 130 in flying, the programmed 
route. Navigation computer 112 is in operable communica 
tion with various databases including, for example, terrain 
database 108, and navigation database 110. Processor archi 
tecture 104 may receive the programmed flight plan data from 
navigation computer 112 and cause the programmed flight 
plan, or at least portions thereof, to be displayed on display 
element 106. 

0045 ATC datalink 113 is utilized to provide air traffic 
control data to system 100, preferably in compliance with 
known standards and specifications. Using ATC datalink, 
processor architecture 104 can receive air traffic control data 
from ground based air traffic controller stations and equip 
ment. In turn, system 100 can utilize such air traffic control 
data as needed. 

0046 FIG. 2 is a simplified chart that illustrates a flight 
plan 200 of an aircraft 202 relative to three geographical 
waypoints. The vertical axis represents altitude in feet, and 
the horizontal axis represents lateral position or distance, and 
the chart depicts aircraft 202 in a descent pattern. For this 
example, each geographical waypoint corresponds to a sta 
tionary reference point, which may in turn correspond to a 
designated latitude and longitude, a designated set of GPS 
coordinates, or the like. FIG. 2 shows that aircraft 202 has 
already passed a first geographical waypoint 204 identified by 
the label WASAK, and that aircraft 202 is approaching a 
second geographical waypoint 206 identified by the label 
LACIV. In accordance with the illustrated flight plan 200, 
aircraft 202 will ultimately pass a third geographical way 
point 208 identified by the label FIVUT. A given geographical 
waypoint, region, or Zone may be associated with an altitude 
(or airspeed) restriction, constraint, target, clearance, guide 
line, regulation, or limitation, which may be dictated or influ 
enced by factors such as, without limitation: the particular 
flight plan; the departure airport; the destination airport; the 
class of aircraft; whether the aircraft is flying in special use or 
restricted airspace; whether the aircraft is flying in an alti 
tude-regulated airway; or the like. 
0047 A given geographical waypoint or region may be 
associated with an appropriate type of altitude or airspeed 
constraint. For example, a target altitude or altitude range 
may be specified to ensure that the aircraft is flying at a tightly 
controlled altitude. Alternatively, a waypoint or region may 
be governed by an upper altitude limit (i.e., an "at-or-below 
constraint) or a lower altitude limit (i.e., an "at-or-above' 
constraint) for aircraft. A waypoint or region may instead be 
governed by a "between constraint that designates an upper 
altitude limit and a lower altitude limit. Moreover, a waypoint 
or region may be governed by a specified altitude constraint 
(i.e., an “at” constraint) having an associated target altitude. 
For the example depicted in FIG. 2, the first geographical 
waypoint 204 has an at-or-below constraint of 5200 feet, the 
second geographical waypoint 206 has an at-or-above con 
straint of 4400 feet, and the third geographical waypoint 208 
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has an at-or-above constraint of 3800 feet. Similarly, a given 
waypoint may have an associated airspeed constraint 
assigned thereto (e.g., maximum airspeed, minimum air 
speed, target airspeed, an airspeed range, etc.). 
0048. In operation, a flight deck display system as 
described herein is suitably configured to process altitude 
data, terrain data, and geographic position data for the air 
craft, and obtain position-dependent restriction or constraint 
databased upon the position data. In response to the altitude 
data, the terrain data, and the position-dependent restriction/ 
constraint data, the display system can generate and display 
an appropriately formatted perspective (three dimensional) 
display of terrain on its display element. Notably, this per 
spective display also includes one or more graphical way 
point markers rendered in a conformal manner, where an 
approaching waypoint marker is rendered with visually dis 
tinguishable characteristics that identify any altitude con 
straints associated with that waypoint. 
0049 FIG. 3 is a graphical representation of an exemplary 
screen shot 300 that can be rendered on a flight deck display 
element. It should be appreciated that this screen shot 300 
represents the state of a dynamic display frozen at one par 
ticular time, and that the flight deck display element can be 
continuously refreshed in response to the current flight status, 
environmental conditions, location of the aircraft, etc. This 
particular screen shot 300 includes several primary features 
that are graphically rendered. These features include, without 
limitation: a perspective view of terrain 302; a waypoint 
marker 304; an airspeed tape 306; an altimeter tape 308; a 
compass or horizontal situation indicator 310; a reference 
marker 312; and flight plan indicia 314. In practice, screen 
shot 300 may include any number of additional graphical 
elements rendered on the flight deck display element, e.g., 
flight data, numerical information, pilot guidance elements, 
trend data, and the like. For the sake of clarity, simplicity, and 
brevity, such additional graphical elements are not shown or 
described here. 
0050. A flight deck display system may also render a lat 
eral situation display element concurrently with the main 
perspective display. In this regard, FIG. 4 is a schematic 
representation of an embodiment of Such a graphical lateral 
situation display element 400. Lateral situation display ele 
ment 400 can display information based on data from a num 
ber of Sources, including the various sensors, sources, and 
subsystems described above with reference to FIG. 1. The 
lateral situation display element 400 includes a top-view air 
craft symbol 402, at least portion of a flight plan represented 
by one or more waypoint symbols 404, and one or more range 
rings 406. Lateral situation display element 400 also prefer 
ably includes various map features including, but not limited 
to, a lateral two-dimensional view of terrain 408 below the 
flight plan, political boundaries, and navigation aids. Range 
rings 406 may be used to indicate sequential ranges, such as 
fixed distance or time ranges needed to travel from the current 
position indicated by the top-view aircraft symbol 402 to 
another position on the terrain 408, or any other information 
that may be useful to a pilot. In the illustrated embodiment, 
the range rings 406 indicate distances from the aircraft sym 
bol 402. The range ring 406 includes a range indicator 410. 
which displays the lateral distance from the present position 
to the position that corresponds to the range ring 406 (e.g., 10 
nautical miles). 
0051. The depicted state of lateral situation display ele 
ment 400 corresponds to the depicted state of screen shot 300 
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in FIG. 3. In other words, the aircraft is descending and 
approaching the geographical waypoint labeled LACIV. 
which is rendered on lateral situation display element 400 as 
a corresponding waypoint symbol 404a. The next waypoint 
(labeled FIVUT) in the designated flight plan is indicated by 
waypoint symbol 404b. As depicted in FIG. 4, any number of 
waypoint symbols 404 may be associated with the particular 
flight plan. The combination of the three dimensional display 
(e.g., screen shot 300) and lateral situation display element 
400 provides useful and intuitive information to the flight 
crew in a simple graphical manner. 
0052 Referring again to FIG.3, terrain 302 is rendered in 
a perspective or three dimensional view that corresponds to a 
flight deck viewpoint. In other words, terrain 302 is displayed 
in a graphical manner that simulates the Vantage point of a 
person in the cockpit of the aircraft. Thus, features of terrain 
302 are displayed in a conformal manner, relative to the earth. 
For example, the relative elevations and altitudes of features 
in terrain 302 are displayed in a virtual manner that emulates 
reality. Moreover, as the aircraft navigates (e.g., turns, 
ascends, descends, rolls, etc.), the graphical representation of 
terrain 302 and other features of the perspective display can 
shift to provide a continuously updated virtual representation 
for the flight crew. It should be appreciated that the perspec 
tive view associated with a display need not always include a 
perspective view of terrain 302. For example, in the absence 
of terrain data, the perspective view of the display may appear 
flat, blank, or otherwise Void of conformal terrain graphics. 
Nonetheless, waypoint markers can still be rendered in a 
perspective view and conformal context. In other words, way 
points and their associated altitude constraint information can 
be placed in a conformal geographic context with or without 
graphical terrain features concurrently displayed therewith. 
0053. In preferred embodiments, waypoint markers (such 
as waypoint marker 304) are also rendered in the perspective 
view of terrain 302 in a conformal manner. Other displayed 
items, features, and elements, such as flight plan indicia 314, 
may also be rendered on terrain 302 in a conformal manner. In 
other words, waypoint marker 304 and flight plan indicia 314 
are displayed in a three dimensional manner that corresponds 
to the actual contour and geographic location of the corre 
sponding terrain. For example, waypoint marker 304 is 
graphically displayed in its specified geographic location, 
and in proper relation to other displayed features of terrain 
302. In preferred embodiments, waypoint marker 304 is 
graphically displayed at a specified altitude, and in proper 
relation to other displayed features of terrain 302. This aspect 
of is described in more detail below. 

0054 For clarity and ease of description, FIG. 5 depicts a 
simplified graphical representation of screen shot 300. In 
particular, some of the displayed elements shown in FIG. 3 
have been removed to better show the waypoint markers and 
flight plan indicia, which might otherwise be obscured or 
overlapped by elements that remain displayed “on top' in the 
perspective display. For example, FIG. 5 shows another way 
point marker 320 that is hidden from view in FIG.3 due to the 
rendering of airspeed tape 306. In FIG. 5, waypoint marker 
304 corresponds to the geographical waypoint labeled 
LACIV, and waypoint marker 320 corresponds to the geo 
graphical waypoint labeled FIVUT. For this example, LACIV 
is the immediately approaching waypoint for the aircraft, and 
FIVUT is the waypoint immediately following LACIV in the 
designated flight plan. Notably, waypoint marker 304 may be 
joined to flight plan indicia 314 using a displayed stem or 
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stalk 322. Similarly, waypoint marker 320 may be joined to 
flight plan indicia 314 using a displayed stem or Stalk 324. 
Each stalk “pins' its waypoint marker to the geographic loca 
tion of the corresponding waypoint. Moreover, the displayed 
height of each stalk might correspond to an altitude constraint 
or restriction associated with the respective waypoint. In this 
regard, FIG. 5 depicts a scenario where the aircraft is in a 
descent pattern and, therefore, waypoint marker 304 is dis 
played at a higher elevation than waypoint marker 320. It 
should be noted that a waypoint need not have any constraints 
associated with it. If a waypoint is not subject to an altitude 
constraint, then it may have an arbitrary altitude value asso 
ciated therewith for purposes of positioning the waypoint 
marker on the perspective display. Alternatively, the system 
may be configured to generate a graphical waypoint marker in 
the current display (regardless of whether or not an altitude 
constraint applies) when the aircraft is within a certain dis 
tance from the waypoint. 
0055. The flight deck display system may also change the 
appearance of the waypoint markers 304/320, the stalks 322/ 
324, and/or the flight plan indicia 314 to convey additional 
information to the flight crew. For example, certain displayed 
elements may be rendered using a distinguishable color, font, 
size, texture, transparency, or the like, and the distinguishable 
characteristic (or characteristics) may have contextually rel 
evant meaning. Certain embodiments employ a color scheme 
associated with auto pilot control. In this regard, an approach 
ing waypoint marker and its stalk can be displayed in a first 
color (such as magenta) to indicate that the auto pilot Sub 
system is controlling the aircraft to satisfy the particular alti 
tude constraint at that geographical waypoint or position. 
Moreover, the segment of flight plan indicia 314 leading to the 
approaching waypoint marker can also be displayed in the 
first color. Thus, waypoint marker 304, stalk 322, and the 
segment of flight plan indicia 314 leading to waypoint marker 
304 may be magenta colored to convey that the auto pilot 
subsystem is directing the aircraft toward the LACIV way 
point (FIG. 5 depicts these magenta colored items using thick 
Solid line). A second color (such as cyan or white) may be 
used to indicate an upcoming waypoint to which the autopilot 
Subsystem is not currently controlling. In this regard, way 
point marker 320, stalk 324, and the associated segment of 
flight plan indicia 314 (for the waypoint FIVUT) may be 
displayed using white or cyan to convey that the auto pilot 
subsystem is not yet (but soon will be) directing the aircraft 
toward the FIVUT waypoint. After the aircraft passes the 
LACIV waypoint, the graphical features associated with the 
FIVUT waypoint will change from white/cyan to magenta. 
0056. A waypoint marker can be suitably rendered such 
that it conveys an altitude restriction, constraint, regulation, 
or limitation for its respective waypoint. An altitude con 
straint or restriction may be designated for a respective posi 
tion, region, geographical waypoint, airspace boundary, air 
way, or the like. Depending upon the implementation and 
deployment of the host system, the data representing the 
altitude constraints may be included or otherwise associated 
with the onboard flight plan. Alternatively, the data represent 
ing the altitude constraints could be provided to the onboard 
system via, for example, ATC datalink 113 (see FIG. 1) for 
imbedding or incorporating into the onboard flight plan. 
0057 The system described here contemplates at least 
four types of altitude constraints, although an embodiment of 
the system may handle more or less than four different types. 
The four constraints described here are "at-or-above,” “at-or 
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below,” “between,” and “specified altitude” (or “at”) con 
straints. An at-or-above constraint is associated with a lower 
altitude limitat that particular waypoint. An at-or-below con 
straint is associated with an upper altitude limit at that par 
ticular waypoint. A between constraint is associated with a 
specified altitude range, i.e., a designated upper altitude limit 
and a designated lower altitude limit for the waypoint. A 
specified altitude constraint indicates a target altitude (or a 
very restricted altitude range) for the waypoint. 
0058. In preferred embodiments, the content and/or 
appearance of a waypoint marker might be influenced by an 
altitude restriction for the corresponding waypoint. For 
example, waypoint markers can be rendered using visually 
distinguishable characteristics associated with the different 
types of altitude constraints. The visually distinguishable 
characteristics can be specified Such that the user can quickly 
and easily interpret the display to determine whether an 
approaching waypoint is governed by an altitude constraint 
and, if so, which type of altitude constraint applies (e.g., 
at-or-above, at-or-below, between, or specified altitude). In 
this regard, the different visually distinguishable characteris 
tics may correspond to any of the following characteristics, 
individually or in any combination thereof: different colors: 
different brightness; different transparency levels; different 
translucency levels; different line patterns; different line 
thickness; different shapes; different sizes; different flicker 
patterns; different focus levels; different sharpness levels: 
different clarity levels; and orientation/alignment of the way 
point marker (for example, relative to the flight path or rela 
tive to the user viewpoint). 
0059 For the embodiment illustrated in FIG. 5, the 
LACIV waypoint is subject to an at-or-above altitude con 
straint and, therefore, waypoint marker 304 is rendered in 
manner that indicates the at-or-above constraint. Similarly, 
FIG. 6 is a schematic representation of a waypoint marker 500 
associated with an at-or-above constraint for the waypoint 
labeled LACIV. As mentioned previously, waypoint marker 
500 is preferably rendered in the perspective view of terrain 
(not shown in FIG. 6) in a conformal manner. Waypoint 
marker 500 indicates the target altitude for the at-or-above 
constraint, i.e., the lower altitude limit. For this embodiment, 
waypoint marker 500 includes an altitude bar 502 that is 
displayed at the target altitude for the at-or-above constraint. 
In this manner, altitude bar 502 is indicative of the nominal 
(target) altitude corresponding to the waypoint. Although not 
always required, altitudebar 502 is preferably positionedator 
near the center of waypoint marker 500. In some embodi 
ments, the target altitude can be displayed in numerical form 
at or near altitude bar 502 or within waypoint marker 500. 
0060 Waypoint marker 500 represents the primary icon 
associated with the LACIV waypoint. This primary icon has 
a first region 504 (e.g., the upper region in FIG. 5) and a 
second region 506 (e.g., the lower region in FIG. 5). First 
region 504 and second region 506 have different visually 
distinguishable characteristics that represent the at-or-above 
nature of the altitude constraint. In FIG. 5, the dashed line 
portion of waypoint marker 500 is associated with first region 
504, and the solid line portion of waypoint marker 500 is 
associated with second region 506. Waypoint marker 500 or 
selected portions thereof can be rendered as a “solid form or 
in an “outlined form (as depicted in FIG. 5). The outline 
format may be desirable to minimize the amount of terrain 
that is obscured by waypoint marker 500. 
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0061. In certain preferred embodiments, first region 504 of 
waypoint marker 500 is rendered with graphical characteris 
tics that make it relatively subdued, and second region 506 of 
waypoint marker 500 is rendered with graphical characteris 
tics that make it relatively highlighted. This subdued/high 
lighted scheme intuitively indicates that altitudes above alti 
tude bar 502 are permitted or clear, while altitudes below 
altitude bar 502 are blocked or prohibited. In one practical 
embodiment, first region 504 is rendered in a relatively trans 
parent or translucent manner, while second region 506 is 
rendered in a relatively opaque or Solid manner. In another 
embodiment, first region 504 is rendered in a relatively dim 
manner, while second region 506 is rendered in a relatively 
bright manner. As mentioned above, the manner in which first 
region 504 and second region 506 are distinctively rendered 
may vary from one embodiment to another. 
0062 FIG. 7 is a schematic representation of a waypoint 
marker 600 associated with an at-or-below constraint for a 
waypoint. Waypoint marker 600 indicates the target altitude 
for the at-or-below constraint, i.e., the upper altitude limit. 
For this embodiment, waypoint marker 600 includes an alti 
tude bar 602 that is displayed at the target altitude for the 
at-or-below constraint. In this manner, altitude bar 602 is 
indicative of the nominal (target) altitude corresponding to 
the waypoint. Although not always required, altitude bar 602 
is preferably positioned at or near the center of waypoint 
marker 600. In some embodiments, the target altitude can be 
displayed in numerical form at or near altitude bar 602 or 
within waypoint marker 600. 
0063 Waypoint marker 600 represents the primary icon 
associated with the waypoint. This primary icon has a first 
region 604 (e.g., the upper region in FIG. 6) and a second 
region 606 (e.g., the lower region in FIG. 6). First region 604 
and second region 606 have different visually distinguishable 
characteristics that represent the at-or-below nature of the 
altitude constraint. In FIG. 6, the cross hatched portion of 
waypoint marker 600 is associated with first region 604, and 
the remaining portion of waypoint marker 600 is associated 
with second region 606. First region 604 of waypoint marker 
600 can be rendered as a “solid form, and second region 606 
can be rendered in an “outlined form (as depicted in FIG. 6). 
The outline format may be desirable to minimize the amount 
of terrain that is obscured by waypoint marker 600. 
0064. In certain preferred embodiments, first region 604 of 
waypoint marker 600 is rendered with graphical characteris 
tics that make it relatively highlighted, and second region 606 
of waypoint marker 600 is rendered with graphical character 
istics that make it relatively subdued. This subdued/high 
lighted scheme intuitively indicates that altitudes below alti 
tude bar 602 are permitted or clear, while altitudes above 
altitude bar 602 are blocked or prohibited. In one practical 
embodiment, first region 604 is rendered in a relatively 
opaque or solid manner, while second region 606 is rendered 
in a relatively transparent or translucent manner. In another 
embodiment, first region 604 is rendered in a relatively bright 
manner, while second region 606 is rendered in a relatively 
dim manner. As mentioned above, the manner in which first 
region 604 and second region 606 are distinctively rendered 
may vary from one embodiment to another. 
0065 FIG. 8 is a schematic representation of a waypoint 
marker 700 associated with a between constraint, as viewed 
when the aircraft is relatively faraway from the waypoint, and 
FIG. 9 is a schematic representation of waypoint marker 700, 
as viewed when the aircraft is relatively close to the waypoint. 
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Waypoint marker 700 generally includes, without limitation: 
a primary icon 702 that represents the waypoint; an upper 
altitude bar 704 that represents the upper altitude limit or 
constraint corresponding to the between constraint; and a 
lower altitude bar 706 that represents the lower altitude limit 
or constraint corresponding to the between constraint. Way 
point marker 700 may also include a nominal altitudebar 708 
that is displayed near or with primary icon 702. Nominal 
altitude bar 708 may be indicative of the designated altitude 
of the waypoint and/or the midpoint of the altitude range 
designated by the between constraint. In some embodiments, 
the upper, lower, and/or nominal altitudes can be displayed in 
numerical form at or near the respective altitude bars. 
0066. In an alternate embodiment, a waypoint marker can 
indicate a between constraint using any two altitude bars (or 
any two visible features). For example, upper altitude bar 704 
and altitude bar 708 can be rendered without lower altitude 
bar 706, while still conveying that waypoint marker 700 is 
associated with a between constraint. In Such an embodiment, 
altitude bar 708 could instead be displayed at a virtual height 
that corresponds to the lower altitude limit. Similarly, lower 
altitudebar 706 and altitudebar 708 can be rendered without 
upper altitude bar 704. In such an embodiment, altitude bar 
708 could be displayed at a virtual height that corresponds to 
the upper altitude limit. 
0067. One or more of the altitude bars of waypoint marker 
700 may be suitably rendered in a dynamic manner that 
accurately reflects the upper altitude limit and/or the lower 
altitude limit in response to the current position of the aircraft. 
For example, FIG. 8 depicts waypoint marker 700 as rendered 
when the aircraft is relatively far from the waypoint. Thus, the 
virtual distance between upper altitude bar 704 and lower 
altitude bar 706 is scaled appropriately and waypoint marker 
700 is displayed with relatively little space between upper 
altitudebar 704 and lower altitude bar 706. In contrast, FIG. 
9 depicts waypoint marker 700 as rendered when the aircraft 
is relatively close to the waypoint. Thus, the virtual distance 
between upper altitude bar 704 and lower altitude bar 706 is 
scaled appropriately and waypoint marker 700 is displayed 
with more space between upper altitude bar 704 and lower 
altitudebar 706. If the scaling of waypoint marker 700 causes 
Some features (e.g., analtitudebar) to migrate beyond the area 
of the screen, then the system could force those features to 
remain displayed on the screen, along with some indication 
that the display is no longer conformal. For example, upper 
altitude bar 704 might be pinned near the top of the display 
and rendered using a dashed line rather than a Solid line to 
indicate that it's scaled position would actually be off-screen. 
0068 A waypoint marker for a specified altitude con 
straint can be rendered as depicted in any of FIGS. 6-9, but 
with certain display characteristics that distinguish it from the 
other types of waypoint markers. For example, a waypoint 
marker for a specified or target altitude need not include any 
altitude bars. As another example, such a waypoint marker 
need not be divided into different visually distinguishable 
regions. Indeed, a waypoint marker for a target altitude may 
simply include a primary icon rendered in a virtual manner at 
the target altitude. In practice, the primary icon for Such a 
waypoint marker may be rendered in a visibly distinct manner 
relative to the primary icons for other types of waypoint 
markers, using any of the visually distinguishable character 
istics mentioned above. 

0069. Additional information associated with a given 
waypoint may be conveyed along with its associated way 
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point marker. For example, if a waypoint corresponds to the 
initial approach fix for the aircraft, then the label “IAF may 
be rendered with or near the corresponding waypoint marker. 
Similar labels can be displayed for the final approach fix 
(“FAF) and for a missed approach point (MAP). As 
another example, an appropriate icon could be displayed with 
or near the waypoint marker to indicate the glideslope inter 
cept. This icon may depict, for example, a lightning bolt with 
an arrowhead. 

0070. As an added feature, the flight deck display system 
may display with or near a waypoint marker an indicator, 
scale, value, or notification that directs the pilot toward the 
next approaching waypoint. For example, the waypoint 
marker may include Some indicia of the current rate of 
descent/ascent on a relatively compact scale, along with some 
indicia of a target rate that must be achieved (or maintained) 
in order for the aircraft to meet the next altitude constraint. 
This indicia may be a simple trend indicator having a variable 
length (where longer corresponds to a higher rate of descent/ 
ascent, and where shorter corresponds to a lower rate of 
descent/ascent), or a target marker rendered on a scale. 
0071. The appearance of a waypoint marker may change 
when the geographic position of the aircraft is within close 
proximity to the immediately approaching geographical way 
point. This may be desirable to provide an early warning or 
notification to the pilot. Moreover, the appearance of a way 
point marker may change when the aircraft passes the tar 
geted geographical waypoint, regardless of whether the auto 
pilot feature is active. Such a change in appearance will 
convey to the pilot that the current geographic position of the 
aircraft is beyond the geographic position of certain way 
points. In yet other embodiments, the appearance of a way 
point marker may change if the currently projected path of the 
aircraft does not satisfy the altitude restriction corresponding 
to the approaching waypoint. For example, if the system 
determines that the current flight profile and projected path 
will result in a violation of an altitude restriction at the 
approaching waypoint, then the waypoint marker for that 
particular waypoint may change to notify the pilot (e.g., it 
might change color, begin to flash on and off, or the like). 
0072 Although the exemplary embodiment described 
above relates to altitude constraint data rendered with way 
point markers, a flight deck system may also be configured to 
process other types of aircraft operating parameters, aircraft 
instrument data, avionics data, status conditions, or the like. 
For example, a waypoint marker could be suitably formatted 
and rendered to convey airspeed constraint information that 
might apply to the related waypoint. Accordingly, if a way 
point has a governing upper airspeed limit, lower airspeed 
limit, target airspeed, or target airspeed range, then the cor 
responding waypoint marker could be rendered using visu 
ally distinguishable characteristics that indicate the type of 
airspeed constraint. 
0073 While at least one exemplary embodiment has been 
presented in the foregoing detailed description, it should be 
appreciated that a vast number of variations exist. It should 
also be appreciated that the exemplary embodiment or 
embodiments described herein are not intended to limit the 
Scope, applicability, or configuration of the claimed Subject 
matter in any way. Rather, the foregoing detailed description 
will provide those skilled in the art with a convenient road 
map for implementing the described embodiment or embodi 
ments. It should be understood that various changes can be 
made in the function and arrangement of elements without 
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departing from the scope defined by the claims, which 
includes known equivalents and foreseeable equivalents at 
the time offiling this patent application. 

What is claimed is: 
1. A flight deck display system for an aircraft, the system 

comprising: 
a processor architecture configured to receive waypoint 

location data for waypoints, terrain data, aircraft geo 
graphic position data for the aircraft, and restriction data 
for the waypoints, and the processor architecture being 
configured to generate image rendering display com 
mands based upon the waypointlocation data, the terrain 
data, the restriction data, and the aircraft geographic 
position data; and 

a display element configured to receive the image render 
ing display commands and, in response thereto, to ren 
dera perspective view of terrain corresponding to a flight 
deck viewpoint, and to render a waypoint marker in the 
perspective view of terrain, the waypoint marker corre 
sponding to an approaching waypoint; wherein 

content and appearance of the waypoint marker are influ 
enced by an aircraft operating parameter restriction for 
the approaching waypoint. 

2. The system of claim 1, further comprising a positioning 
Subsystem coupled to the processor architecture, and config 
ured to obtain the aircraft geographic position data. 

3. The system of claim 1, further comprising a memory 
element for storing the waypoint location data and the restric 
tion data for the waypoints. 

4. The system of claim 1, wherein appearance of the way 
point marker changes if a projected path of the aircraft does 
not satisfy the aircraft operating parameter restriction. 

5. The system of claim 1, wherein: 
the aircraft operating parameter restriction for the 

approaching waypoint is an at-or-above altitude con 
straint; 

the waypoint marker is rendered in the perspective view of 
terrain in a conformal manner that indicates a target 
altitude for the at-or-above altitude constraint; and 

the waypoint marker is rendered with visually distinguish 
able characteristics associated with at-or-above altitude 
constraints. 

6. The system of claim 1, wherein: 
the aircraft operating parameter restriction for the 

approaching waypoint is an at-or-below altitude con 
straint; 

the waypoint marker is rendered in the perspective view of 
terrain in a conformal manner that indicates a target 
altitude for the at-or-below altitude constraint; and 

the waypoint marker is rendered with visually distinguish 
able characteristics associated with at-or-below altitude 
constraints. 

7. The system of claim 1, wherein: 
the aircraft operating parameter restriction for the 

approaching waypoint is a between altitude constraint; 
the waypoint marker is rendered in the perspective view of 

terrain in a conformal manner that indicates an upper 
altitude limit and a lower altitude limit corresponding to 
the between altitude constraint; and 

the waypoint marker is rendered with visually distinguish 
able characteristics associated with between altitude 
constraints. 
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8. The system of claim 1, wherein: 
the aircraft operating parameter restriction for the 

approaching waypoint is a specified altitude constraint; 
the waypoint marker is rendered in the perspective view of 

terrain in a conformal manner that indicates a target 
altitude for the specified altitude constraint; and 

the waypoint marker is rendered with visually distinguish 
able characteristics associated with specified altitude 
constraints. 

9. The system of claim 1, wherein the aircraft operating 
parameter restriction for the approaching waypoint is an at 
or-above airspeed constraint, an at-or-below airspeed con 
straint, a between airspeed constraint, or a specified airspeed 
constraint. 

10. A flight deck display element having rendered thereon 
a perspective view of terrain corresponding to a viewpoint 
from the flight deck, and having rendered thereon a waypoint 
marker in the perspective view of terrain, the waypoint 
marker corresponding to a waypoint in a flight plan, the 
waypoint marker comprising: 

a primary icon having a first region and a second region, 
wherein the first region and the second region have dif 
ferent visually distinguishable characteristics that rep 
resent whether the waypoint marker is associated with 
an at-or-above altitude constraint or an at-or-below alti 
tude constraint; and 

an altitudebar indicative of a nominal altitude correspond 
ing to the waypoint, wherein the perspective view of 
terrain, the primary icon, and the altitude bar are ren 
dered in a conformal manner relative to the earth. 

11. The flight deck display element of claim 10, wherein 
the different visually distinguishable characteristics are 
selected from the group consisting of different colors; dif 
ferent brightness; different transparency levels; different 
translucency levels; different line patterns; different line 
thickness; different shapes; different sizes; different flicker 
patterns; different focus levels; different sharpness levels: 
different orientations; different alignments; and different 
clarity levels. 

12. The flight deck display element of claim 10, wherein: 
the waypoint marker is associated with an at-or-above alti 

tude constraint; 
the visually distinguishable characteristics of the second 

region make the second region highlighted relative to the 
first region; and 

the visually distinguishable characteristics of the first 
region make the first region Subdued relative to the sec 
ond region. 

13. The flight deck display element of claim 12, wherein: 
the first region is an upper region of the primary icon; 
the second region is a lower region of the primary icon; 
the lower region is rendered in a relatively opaque manner; 

and 
the upper region is rendered in a relatively transparent 
a. 

14. The flight deck display element of claim 12, wherein: 
the first region is an upper region of the primary icon; 
the second region is a lower region of the primary icon; 
the lower region is rendered in a relatively bright manner; 

and 
the upper region is rendered in a relatively dim manner. 
15. The flight deck display element of claim 10, wherein: 
the waypoint marker is associated with an at-or-below 

altitude constraint; 
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the visually distinguishable characteristics of the first 
region make the first region highlighted relative to the 
second region; and 

the visually distinguishable characteristics of the second 
region make the second region Subdued relative to the 
first region. 

16. The flight deck display element of claim 15, wherein: 
the first region is an upper region of the primary icon; 
the second region is a lower region of the primary icon; 
the upper region is rendered in a relatively opaque manner; 

and 
the lower region is rendered in a relatively transparent 
a. 

17. The flight deck display element of claim 15, wherein: 
the first region is an upper region of the primary icon; 
the second region is a lower region of the primary icon; 
the upper region is rendered in a relatively bright manner; 

and 
the lower region is rendered in a relatively dim manner. 
18. A flight deck display element having rendered thereon 

a perspective view corresponding to a viewpoint from the 
flight deck, and having rendered thereona waypoint marker in 
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the perspective view, the waypoint marker corresponding to a 
waypoint in a flight plan, the waypoint marker comprising: 

a primary icon representing the waypoint; and 
a first altitude bar indicative of a first altitude constraint 

associated with the waypoint, wherein the perspective 
view, the primary icon, and the first altitude bar are 
rendered in a conformal manner relative to the earth. 

19. The flight deck display element of claim 18, further 
comprising a second altitude bar indicative of a second alti 
tude constraint associated with the waypoint, wherein the 
second altitudebar is rendered in a conformal manner relative 
to the earth. 

20. The flight deck display element of claim 19, wherein: 
the waypoint has a between constraint assigned to it; 
the first altitude constraint represents an upper altitude 

limit corresponding to the between constraint; and 
the second altitude constraint represents a lower altitude 

limit corresponding to the between constraint. 
21. The flight deck display element of claim 18, wherein 

the appearance of the waypoint marker changes if a projected 
path of the aircraft does not satisfy the first altitude constraint. 
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