
(19) United States 
US 20040044446A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/004444.6 A1 
Staggs (43) Pub. Date: Mar. 4, 2004 

(54) AVIONICS SYSTEM FOR DETERMINING 
TERMINAL FLIGHTPATH 

(75) Inventor: Thomas J. Staggs, Woodinville, WA 
(US) 

Correspondence Address: 
HONEY WELL INTERNATIONAL INC. 
101 COLUMBIA ROAD 
PO BOX 2.245 
MORRISTOWN, NJ 07962-224.5 (US) 

(73) Assignee: Honeywell International, Inc., Morris 
town, NJ 

(21) Appl. No.: 10/234,415 

(22) Filed: Sep. 3, 2002 

Publication Classification 

(51) Int. Cl." ..................................................... G06F 19/00 

(52) U.S. Cl. ............................. 701/16; 701/213; 340/951 

(57) ABSTRACT 

A method, avionicS apparatus and computer program for 
determining a terminal flight path, including access to air 
craft position information provided by a Global Positioning 
System (GPS) receiver. The method apparatus and computer 
program determine an Intended Touchdown Point (ITP), 
which is the desired landing location on an intended runway; 
determine a Current Touchdown Point (CTP), which is 
where the aircraft will land given its current glidepath and is 
a function of the current trajectory, configuration and engine 
thrust; determine a correspondence of the CTP and ITP and 
generate an output Signal as a function of the correspon 
dence, which is displayed on a cockpit display device, 
annunciated on a cockpit speaker, or both. 
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AVIONCS SYSTEM FOR DETERMINING 
TERMINAL FLIGHTPATH 

0001) This application claims the benefit of U.S. Provi 
sional Application Serial No. 60/316,359, filed in the name 
of Thomas J. Staggs on Aug. 30, 2001, the complete 
disclosure of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to avionics devices 
and methods, and in particular to landing Safety avionics. 

BACKGROUND OF THE INVENTION 

0003. Despite advances in flight safety technology, air 
craft continue to encounter a phenomenon known as the 
“last mile,” wherein the pilots who have successfully over 
come the obstacles presented by flight through congested 
airspace, Storms, and terrain, crash during the last mile of 
flight. This is often the result of the pilot transitioning from 
flight by reference to instruments inside the cockpit to using 
Visual Scanning outside the cockpit, often as the result of a 
circling approach at night or in marginal visibility condi 
tions. While dealing with these challenges, pilots often have 
to use experience and a well-developed sense of “feel” for 
proper Speed and glideslope management, especially at 
airfields lacking precision instrument approaches or visual 
glideslope indicators. An additional challenge is presented to 
those aircraft that have the benefits of many modern aircraft, 
yet lack the different complex Sensor Systems that might 
prevent mishapS. Such as landing short, long or fast. The 
advent and proliferation of Global Positioning System 
(GPS) technology represents a low-cost, low-technology 
solution to some of these problems, but is ineffective in 
eliminating the common "last mile” hazards. 

0004 One commercial product, the Enhanced Ground 
Proximity Warning System(E) (EGPWS) available from Hon 
eywell International, Incorporated of Redmond, Wash., pro 
vides excellent protection for aircraft in the en-route and 
terminal environments, especially for recent generation Air 
Transport category aircraft that already contain a wide range 
of complex Sensors. However, despite the complex data 
concentration and collision avoidance algorithms of the 
EGPWS, crashes still occur during circling or visual 
approaches when the aircraft is within 1-2 miles of the 
intended runway and on a visual or non-precision approach. 
The protection provided by the EGPWS is restricted by the 
manner in which the terrain floor and step-down airspace 
limitations in the vicinity of the runway are computed. The 
EGPWS computations include assumptions that reduce ter 
rain avoidance protection for aircraft within one mile of the 
runway. Such assumptions may leave insufficient protection 
during abnormal approaches, for example, when an ILS 
Straight-in approach has not been established. 

0005 Also, although EGPWS can provide significant 
Safety benefits to pilots in the approach phases, even in the 
Systems designed for low-end general aviation aircraft may 
be prohibitively expensive for many Small general aviation 
aircraft. The current installed cost of Such a Safety System is 
approximately /3 of the hull value of many of these piston 
aircraft, which makes installation of the equipment imprac 
tical. The result is that, although Small piston aircraft have 
the highest incidence of landing accidents due to excessive 
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Sink rates, overshot landings, and runway misalignment, 
these aircraft are denied the benefits of modern safety 
avionics. 

0006 Thus, despite advances in the performance of 
Safety avionics, the art Still fails to specifically address the 
hazards associated with the final landing phase of flight. 

SUMMARY OF THE INVENTION 

0007. The present invention is a warning system to 
compute, detect and display the exceeding of parameters 
Such as descent angle, rate of descent, line-up, insufficient 
runway remaining after touchdown, and excessive energy on 
approach. 

0008 According to one aspect of the invention, the 
present invention provides a means for determining a ter 
minal flight path correspondence or deviation, including: a 
means for receiving a plurality of navigation Signals, a 
means for determining a current position as a function of the 
navigation signals, a means for determining an Intended 
Touchdown Point; a means for determining a Current Touch 
down Point; a means for determining correspondence 
between the Current Touchdown Point and Intended Touch 
down Point; and a means for outputting a Signal represen 
tative of the correspondence between the Current Touch 
down Point and Intended Touchdown Point. 

0009. According to another aspect of the invention, the 
means for determining a Current Touchdown Point also 
includes means for comparing Subsequent navigation signals 
as a function of elapsed time between the Subsequent 
navigation Signals. 

0010. According to another aspect of the invention, the 
means for determining a Current Touchdown Point also 
includes determining a rate of descent. 
0011. According to another aspect of the invention, the 
means for determining a terminal flight path correspondence 
or deviation also includes a means for retrieving a runway 
altitude information from a database of airport information, 
and the means for determining a Current Touchdown Point 
includes determining an interSection with the runway. 
0012. According to another aspect of the invention, the 
means for determining a Intended Touchdown Point also 
includes a means for determining a glide path to the Intended 
Touchdown Point position, the means for determining a 
Current Touchdown Point includes a means for determining 
an actual glide path as a function of one or more of the 
navigation signals, and the means for determining corre 
spondence between the Current Touchdown Point and 
Intended Touchdown Point includes a means for determin 
ing deviation of the actual glide path from the glide path to 
the Intended Touchdown Point position. 
0013. According to another aspect of the invention, the 
means for outputting a Signal representative of the corre 
spondence between the Current Touchdown Point and 
Intended Touchdown Point also includes a means for gen 
erating one or more of an audio and a Video signal. The 
means for generating a Video Signal optionally includes 
means for generating one or more of a Signal representative 
of a deviation of a forward Current Touchdown Point from 
the Intended Touchdown Point and a signal representative of 
a deviation of a lateral Current Touchdown Point from the 
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Intended Touchdown Point. The means for determining a 
terminal flight path correspondence or deviation may also 
include means for displaying the Video signal. 
0.014. According to another aspect of the invention, the 
means for determining a terminal flight path correspondence 
or deviation includes a means for receiving a plurality of 
different aircraft data Signals, and the means for determining 
a Current Touchdown Point includes a means for determin 
ing the Current Touchdown Point as a function of the aircraft 
data Signals. 

0.015 According to another aspect of the invention, the 
means for determining a terminal flight path correspondence 
or deviation includes a means for receiving a one or more 
data Signals representative of atmospheric conditions, and 
the means for determining a Current Touchdown Point 
includes a means for determining the Current Touchdown 
Point as a function of the atmospheric data Signals. 
0016. According to another aspect of the invention, the 
invention provides a terminal flight path deviation generator 
having: a stored database of airport runway location and 
elevation information accessible as a function of position; a 
processor coupled to receive aircraft position and elevation 
data and coupled for retrieving the airport information from 
the database as a function of the aircraft position data, the 
processor being structured to operate a computer program 
for generating a Current Touchdown Point position, com 
paring the Current Touchdown Point position to a predeter 
mined Intended Touchdown Point position, and generating a 
signal representative of deviation of the Current Touchdown 
Point position from the predetermined Intended Touchdown 
Point position; and a cockpit warning indicator being 
coupled to receive the deviation Signal and being Structured 
to generate a warning as a function of the deviation Signal. 
0.017. According to another aspect of the invention, the 
processor portion of the terminal flight path deviation gen 
erator of the invention is further Structured to operate a 
computer program for generating the Intended Touchdown 
Point position. 

0.018. According to another aspect of the invention, the 
cockpit warning indicator portion of the terminal flight path 
deviation generator is an audio annunciation device, and a 
Visual display device, or both. 
0.019 According to another aspect of the invention, the 
processor portion of the terminal flight path deviation gen 
erator of the invention is further Structured to operate a 
computer program for determining runway direction infor 
mation. The processor portion is optionally further Struc 
tured to operate a computer program for generating an ideal 
glideslope to the Intended Touchdown Point position and to 
operate a computer program for determining deviation of an 
actual track from the ideal glideslope to the Intended Touch 
down Point position. According to another aspect of the 
invention, the cockpit warning indicator portion of the 
terminal flight path deviation generator of the invention is a 
Visual display device having a horizontal display portion for 
indicating a lateral deviation of the Current Touchdown 
Point position from the Intended Touchdown Point position. 
Optionally, the cockpit visual display device includes a 
ladder indicator for indicating deviation of the Current 
Touchdown Point position from the Intended Touchdown 
Point position. 
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0020. According to another aspect of the invention, the 
processor portion of the terminal flight path deviation gen 
erator of the invention is further coupled to receive aircraft 
performance data, and is further Structured to operate a 
computer program for generating a Current Touchdown 
Point position as a function of the aircraft performance data. 
0021 According to yet another aspect of the invention, 
the invention provides a method for using an electronic 
circuit to compare a signal conveying Current Touchdown 
Point data with a predetermined Intended Touchdown Point, 
the method including: receiving a plurality of navigation 
Signals, retrieving runway information from a database as a 
function of one or more of the navigation Signals, determin 
ing a Current Touchdown Point relative to a runway as a 
function of the navigation Signals, determining an Intended 
Touchdown Point relative to the runway as a function of the 
runway information; determining deviation of the Current 
Touchdown Point from the Intended Touchdown Point; and 
outputting a signal representative of the deviation of the 
Current Touchdown Point from the Intended Touchdown 
Point. 

0022. According to another aspect of the method of the 
invention, the method includes receiving a plurality of 
aircraft performance Signals, and the portion of the method 
for determining a Current Touchdown Point includes deter 
mining the Current Touchdown Point as a function of the 
aircraft performance Signals. 

0023. According to another aspect of the invention, the 
method additionally includes: determining a runway length; 
determining a Safe Stopping distance after the Intended 
Touchdown Point; determining deviation of the safe stop 
ping distance and the runway length; and outputting a signal 
representative of the deviation of the Safe Stopping distance 
and the runway length. 

0024. According to another aspect of the invention, the 
method of the invention may include receiving a plurality of 
atmospheric condition Signals, and determining the Current 
Touchdown Point as a function of the atmospheric condition 
Signals. 

0025. According to another aspect of the method of the 
invention, determining deviation of the Current Touchdown 
Point from the Intended Touchdown Point includes deter 
mining both a forward and a lateral deviation of the Current 
Touchdown Point from the Intended Touchdown Point. 
Optionally, the method of the invention includes generating 
a display representative of both the forward and lateral 
deviations of the Current Touchdown Point from the 
Intended Touchdown Point. Optionally, determining an 
Intended Touchdown Point relative to the runway includes 
determining a preferred glide path, determining a Current 
Touchdown Point relative to the runway includes determin 
ing an actual glide path, and determining deviation the 
lateral deviation of the Current Touchdown Point from the 
Intended Touchdown Point includes determining deviation 
of the actual glide path from the preferred glide path. 

0026. According to another aspect of the invention, the 
invention is embodied in a computer program product for 
configuring an avionicS device, the computer program prod 
uct including a computer-uSable medium having computer 
readable code embodied therein for configuring a computer 
processor. The computer program product of the invention 
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includes: computer-readable code configured to cause a 
computer processor to retrieve from Storage on a computer 
readable medium a set of airport information data, com 
puter-readable code configured to cause a computer proces 
Sor to determine an Intended Touchdown Point as a function 
of the airport information data; computer-readable code 
configured to cause a computer processor to access a set of 
aircraft position information; computer-readable code con 
figured to cause a computer processor to determine a current 
aircraft position as a function of the Set of aircraft position 
information; computer-readable code configured to cause a 
computer processor to determine a Current Touchdown 
Point as a function of the aircraft's current position; and 
computer-readable code configured to cause a computer 
processor to determine a correspondence of the Current 
Touchdown Point and Intended Touchdown Point, and to 
generate an output Signal as a function of the correspon 
dence. 

0.027 According to different aspects of the invention, the 
computer program product also includes computer-readable 
code configured to cause a computer processor to generate 
a real-time instantaneous correspondence indication as a 
function of the correspondence Signal. The output Signal 
generated as a function of the correspondence of the Current 
Touchdown Point and Intended Touchdown Point may 
include a warning indication Signal generated as function of 
the real-time instantaneous correspondence exceeding a 
maximum permissible deviation. 

0028. According to another aspect of the invention, the 
computer program product includes computer-readable code 
configured to cause a computer processor to determine a 
current glide path as a function of a plurality of Subsequent 
Sets of aircraft position information. The computer program 
product also includes computer-readable code configured to 
cause a computer processor to determine a correspondence 
of the current glide path and a predetermined glide path and 
to generate an output Signal as a function of the correspon 
dence. 

0029. According to another aspect of the invention, the 
computer program product of the invention further includes 
computer-readable code configured to cause a computer 
processor to access a set of aircraft performance data; and 
the computer-readable code configured to cause a computer 
processor to determine the Current Touchdown Point 
includes computer-readable code configured to cause a 
computer processor to determine the Current Touchdown 
Point as a function of the aircraft performance data. The 
computer program product also includes computer-readable 
code configured to cause a computer processor to determine 
flightpath energy as a function of the aircraft performance 
data, and computer-readable code configured to cause a 
computer processor to determine a correspondence of the 
flightpath energy and the Set of airport information data and 
to generate an output Signal as a function of the correspon 
dence. 

0.030. According to another aspect of the invention, the 
computer program product also includes computer-readable 
code configured to cause a computer processor to access a 
Set of current atmospheric data; and the computer-readable 
code configured to cause a computer processor to determine 
the Current Touchdown Point includes computer-readable 
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code configured to cause a computer processor to determine 
a Current Touchdown Point as a function of the current 
atmospheric data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031. The foregoing aspects and many of the attendant 
advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description, when taken 
in conjunction with the accompanying drawings, wherein: 

0032 FIG. 1 illustrates an aircraft that is correctly lined 
up for the Intended Touchdown Point (ITP) and aligned with 
runway centerline; 

0033 FIG. 2 illustrates the aircraft of FIG. 1 with a 
Current Touchdown Point (CTP) that is short of the runway 
threshold; 

0034 FIG. 3 illustrates the aircraft of FIG. 1 having 
acquired the desired glidepath to the runway centerline 
wherein the Current Touchdown Point (CTP) coincides with 
the Intended Touchdown Point (ITP); 
0035 FIG. 4 illustrates the aircraft of FIG. 1 correctly 
lined up for the Intended Touchdown Point (ITP) and the 
runway centerline within the predetermined upper and lower 
glidepath bounds, 

0036 FIG. 5 illustrates the aircraft 1 of FIG. 1 on an 
approach having its Current Touchdown Point (CTP) off of 
the centerline; 

0037 FIG. 6 illustrates the case where the Current 
Touchdown Point (CTP) of the aircraft of FIG. 1 is too far 
past the Intended Touchdown Point (ITP), which indicates 
the aircraft has too much energy for a Safe landing; 

0038 FIG. 7 illustrates the Maximum Touchdown Point 
(MTP) which is attainable when the aircraft flies its Maxi 
mum Flight Profile (MFP) given its current configuration 
and performance; 

0039 FIG. 8 illustrates a situation where the aircraft of 
FIG. 1 is flown to a Current Touchdown Point (CTP) 
significantly short of both the runway threshold and the 
Intended Touchdown Point (ITP) despite having sufficient 
performance capability to reach a Maximum Touchdown 
Point (MTP) well beyond the ITP; 
0040 FIG. 9 illustrates a situation where the Current 
Touchdown Point (CTP) and Maximum Touchdown Point 
(MTP) are both significantly short of the runway threshold 
and the Intended Touchdown Point (ITP); 
0041 FIG. 10 illustrates the prior art algorithmic esti 
mate of the Current Touchdown Point (CTP); 
0042 FIG. 11 illustrates by example and without limi 
tation the terminal flight path determination of the invention 
as embodied in an avionics apparatus, 

0043 FIG. 12 illustrates the present invention embodied 
in an algorithm for accurately estimating the Current Touch 
down Point (CTP) by including an adjustment factor in 
addition to the current position, relative altitude and hori 
Zontal distance to the Intended Touchdown Point (ITP) used 
in the prior art estimate; 
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0044 FIG. 13 illustrates the terminal flight path deter 
mination of the invention as embodied in a set of machine 
instructions received and operated by an alternative onboard 
avionics apparatus, 

004.5 FIG. 14 illustrates an angle of attack indicator of 
the current art installed on most military and Some civilian 
aircraft; 

0046 FIGS. 15-20 illustrate the present invention 
embodied in a display that provides visual indication of 
glidepath errors, flightpath energy management errors, and 
lateral line-up errors, wherein: 
0047 FIG. 15 illustrates the display indication that the 
Current Touchdown Point (CTP) coincides with the ITP and 
that the aircraft of FIG. 1 is correctly lined up with respect 
to the runway centerline 
0.048 FIG. 16 shows the display of the invention having 
a single centerline or lateral glidepath indicator triangle that 
is positioned at the center of a horizontal block and is 
neutrally colored (not shown) to indicate that the current 
lateral line-up is within acceptable limits, and a relative CTP 
position indicator block that is positioned above the Vertical 
center of the glidepath indicator to indicate that the CTP 
position deviates from the ITP position and the aircraft is 
landing long, beyond the ITP, 

0049 FIG. 17 shows the display of the invention having 
the relative CTP position indicator block positioned signifi 
cantly below the vertical center of the glidepath indicator to 
indicate that the CTP position is short relative to the ITP 
position So that the aircraft will land Significantly short of the 
runway threshold and the ITP, and the single centerline or 
lateral glidepath indicator triangle is positioned off (left) of 
the center of the horizontal block but is still neutrally colored 
(not shown) to indicate that the aircraft is currently laterally 
lined-up for a touchdown point outside of acceptable limits, 
0050 FIG. 18 shows the display of the invention having 
the Single centerline or lateral glidepath indicator triangle 
positioned at the center of the horizontal block and being 
neutrally colored (not shown) to indicate that the current 
lateral line-up is within acceptable limits, the relative CTP 
position indicator block is positioned slightly above the 
Vertical center of the glidepath indicator to indicate that the 
CTP position deviates slightly from the ITP position and the 
aircraft is landing long, beyond the ITP, and the normally 
neutral colored relative CTP position indicator block is 
changed to either a warning or a danger color (color not 
shown) flashes to draw visual attention and indicate that the 
aircraft has too much energy to land in the length of runway 
remaining beyond the estimated CTP; 

0051 FIG. 19 illustrates the display of the invention 
depicting a situation where the aircraft of FIG. 1 is correctly 
aimed at the ITP but is lined up well off centerline so that a 
lateral glidepath indicator positioned at either extreme of the 
lateral glidepath indicator block is illuminated having either 
a warning color or a danger color, others of the warning and 
danger Signals are illuminated in this illustration Solely to 
show the different colors and positions of all the Segments. 
0.052 FIG. 20 illustrates the display of the invention that 
provides visual indication of glidepath errors and lateral 
line-up errors when the aircraft is correctly aimed at the ITP 
and centerline, but the neutrally colored opposed triangular 
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center datum indicators on either Side of the tapered indi 
cator are changed to a danger color (color not shown) and 
are flashing or otherwise drawing Visual attention to indicate 
that the current glidepath exceeds a pre-programmed descent 
profile limitations, Such as descent angle or vertical Speed. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

0053. In the Figures, like numerals indicate like elements. 
0054 The present invention is a method, avionics appa 
ratus and computer program product for determining a 
terminal flight path. The method includes access to aircraft 
position information Such as latitude, longitude and altitude 
data provided by an on-board Global Positioning System 
(GPS) receiver and an optional Wide Area Augmentation 
System (WAAS). The optional WAAS receiver provides 
highly accurate altitude information and other GPS Signal 
corrections. The method determines an Intended Touchdown 
Point (ITP), which is the latitude, longitude and mean sea 
level (MSL) altitude coordinates of the pilot's desired loca 
tion to land on an intended runway; determines a Current 
Touchdown Point (CTP), which is where the aircraft will 
land given its current glidepath and is a function of the 
current trajectory, configuration and engine thrust, deter 
mines a correspondence of the CTP and ITP and generates 
an output signal as a function of the correspondence. 
According to one or more alternative embodiments, the 
method of the invention generates a real-time instantaneous 
correspondence indication as a function of correspondence 
signal and indicates the correspondence of the CTP and ITP 
by displaying the indication on a cockpit display device, 
annunciating the indication on a cockpit speaker, or both. 
According to one or more alternative embodiments, the 
method of the invention further includes generating a warn 
ing indication as function of the correspondence of the CTP 
and ITP exceeding a maximum permissible deviation and 
one or both displaying and annunciating the warning indi 
cation. 

0055 FIG. 1 illustrates an aircraft 1 that is correctly lined 
up for the Intended Touchdown Point and aligned with 
runway centerline 2. FIG. 2 illustrates the aircraft 1 of FIG. 
1 with a forward Current Touchdown Point that is short of 
the runway threshold 3. FIG. 3 illustrates the aircraft 1 of 
FIG. 1 having acquired the desired glidepath 4 to the 
runway centerline 2 wherein the forward Current Touch 
down Point (CTP) coincides with the Intended Touchdown 
Point (ITP). FIG. 4 illustrates the aircraft 1 correctly lined 
up for the Intended Touchdown Point and the runway 
centerline 2 within the permissible upper and lower glide 
path bounds 5, 6. For commercial aircraft, the maximum 
range of the desired glidepath 4 is approximately 2.0 to 4.5 
degrees at a maximum descent rate of 300 feet per minute. 
0056 FIG. 5 illustrates the aircraft 1 on an approach 
having its forward CTP off of the centerline 2. FIG. 6 
illustrates the case where the forward CTP of the aircraft 1 
is too far past the ITP, which indicates the aircraft has too 
much energy for a Safe landing. AS will be readily under 
stood, an aircraft's actual and intended touchdown points are 
key to Safety. If an aircraft lands short of the runway, as 
illustrated in FIG. 2, off the runway, as illustrated in FIG. 
5, or even if it lands on the runway but too far past the 
threshold to allow a Successful Stop in the remaining length 
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of runway, as illustrated in FIG. 6, the safety of the aircraft, 
passengers and crew may be jeopardized. 

0057 The Maximum Touchdown Point (MTP) is the 
“Best Case' touchdown point, which is the farthest point 
along the runway that the aircraft can reach given its current 
configuration and engine performance Settings. If the Maxi 
mum Touchdown Point is closer than the ITP, then the plane 
cannot reach the ITP, unless power is increased, bank angle 
is decreased, or the Coefficient of Lift (C) is increased. On 
a normal safe approach, the MTP is well beyond both the 
ITP and the CTP. 

0.058 FIG. 7 illustrates the Maximum Touchdown Point 
which is attainable when the aircraft 1 flies its Maximum 
Flight Profile (MFP) given its current configuration and 
performance. The aircraft can only fly its Maximum Flight 
Profile (MFP) when no atmospheric conditions operate 
against it. FIG. 8 illustrates a situation where the aircraft 1 
is deterred from flying its Maximum Flight Profile (MFP) 
(shown in FIG. 7) to the extent that the forward CTP is 
significantly short of both the runway threshold 3 and the 
ITP. This is a situation that results when atmospheric con 
ditions operate against the aircraft. FIG. 9 illustrates a 
situation where the forward CTP and MTP are both signifi 
cantly short of the runway threshold 3 and the ITP. Thus, 
even under the best conditions, the aircraft 1 cannot reach 
the ITP, unless power is increased, bank angle is decreased, 
or the C is increased. 
0059. The present invention solves the problem of safely 
landing the aircraft at the ITP by providing to the pilot 
information about the aircraft's trajectory and how varia 
tions in its flight profile will affect the actual landing point. 
By computing the Current Touchdown Point and comparing 
it to the Intended Touchdown Point, the invention then 
informs the pilot of dangerous trends So that corrections may 
be made and accidents avoided. 

0060. In the practice of the present invention, a pilot 
Selects a point on the runway for landing, and then aims the 
approach to arrive at this Intended Touchdown Point (ITP). 
Under Visual Flight Rules (VFR) operations, selection of the 
Intended Touchdown Point is at the pilot's discretion, and is 
limited only to the extent that it must be located such as to 
permit the aircraft to land Safely and come to a complete Stop 
within the remaining runway length. Runways having a 
published instrument approach are typically marked with a 
Touchdown Zone and an Aiming Point, the latter being 
located approximately 1,000 feet after the runway threshold. 
Both the Visual Flight Rules and Instrument Flight Rules 
Intended Touchdown Points can be defined by latitude, 
longitude, and mean Sea level (MSL) altitude coordinates. 
0061 The location of the ITP is obtained by a number of 
different means, including: direct Storage of latitude and 
longitude location coordinates as part of a Stored runway 
database, derivation based on a predetermined offset 
retrieved from a stored database of approach threshold 
locations, or pilot Selection of location based on offset from 
a stored database of approach threshold locations. 
0.062 FIG. 10 illustrates the simplistic prior art algorith 
mic estimate of the forward CTP using only a current 
position, relative altitude and horizontal distance to the ITP. 
The simplistic prior art algorithm for estimating the forward 
CTP included estimating an Aircraft Relative Altitude, an 
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Estimated Time to landing, and an Estimated Horizontal 
Distance to Landing, according to the following: 

0063 Aircraft Relative Altitude=Aircraft Altitude 
Runway Elevation; 

0064. Estimated Time to landing=Relative Altitude/ 
Vertical Speed; 

0065 Estimated Horizontal Distance to Landing= 
GroundspeedxEstimated Time to Landing. 

0066. The present invention provides a real-time compu 
tation for determining the aircraft's Current Touchdown 
Point, and for determining its relationship to the Intended 
Touchdown Point. One means of communicating this infor 
mation is to annunciate warnings to the pilot aurally to avoid 
interrupting the pilot's concentration during approach. The 
information permits the pilot to adjust the current glidepath 
by adjusting different aircraft performance data factors: 
configuration, engine thrust, and trajectory, to conform the 
aircraft's Current Touchdown Point to the Intended Touch 
down Point. Safety is thus enhanced, accidents are pre 
vented, and lives will be saved. 
0067 FIG. 11 illustrates by example and without limi 
tation the terminal flight path determination of the invention 
as embodied in an avionicS apparatus 10. According to one 
embodiment of the avionics apparatus 10, the aircraft's 
current position in terms of latitude, longitude, and altitude 
are derived from an onboard GPS receiver 12. Barometric 
altitude may also be provided by an onboard source 14. 
0068 The onboard GPS receiver 12 includes a computer 
processor portion 16 having inputs coupled to a non-volatile 
memory 18 to receive a plurality of machine instructions 
Stored therein. The processor 16 retrieves and operates the 
machine instructions, whereby the processor 16 operates an 
algorithm, Such as the prior art algorithmic estimate 
described herein, for rapidly and easily computing the 
aircraft's forward Current Touchdown Point. 

0069. The processor 16 operates the algorithm to com 
pute the aircraft's current groundspeed as the difference 
between of Subsequent or consecutive latitude and longitude 
positions divided by the intervening time, and computes the 
aircraft's current vertical Speed as the difference between of 
Subsequent or consecutive altitude values divided by the 
intervening time. Using the current groundspeed and vertical 
Speed, the algorithm is operated to compute the aircraft's 
real-time near-instantaneous flight path vector. According to 
the present invention, a database 20 Stored in a non-volatile 
memory portion 22 of the GPS includes stored runway 
information, including runway coordinates and elevation 
MSL data for a number of runways. The database 20 is 
alternatively Stored on a portable computer-readable 
medium 24, Such as a compact disc (CD) or floppy diskette, 
and read in via a media reader 26 coupled to the GPS 
processor 16 via an I/O port. A known location Search logic 
device 28 is coupled between the memory 22 and the 
processor 16 for accessing the database 20 as a function of 
the aircraft's latitude and longitude position. The algorithm 
of the invention is further operated to retrieve the stored 
runway elevation MSL data for the current runway and 
computes the forward CTP by determining where the air 
craft's current flight path Vector intercepts the runway's 
surface. The algorithm of the invention may be further 
operated to compute Supporting data, including the Aircraft 
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Relative Altitude, the Estimated Time to landing, and the 
Estimated Horizontal Distance to Landing, as described 
herein. 

0070 The ITP location is obtained by one of a number of 
different means. According to one embodiment of the inven 
tion, latitude and longitude location coordinates are 
retrieved from a runway database Stored in the onboard 
database 20. According to another embodiment of the inven 
tion, the ITP location is derived by operating the algorithm 
of the invention to apply a predetermined offset to approach 
threshold latitude and longitude location data retrieved from 
a database of approach threshold locations Stored in the 
onboard database 18. According to still another embodiment 
of the invention, the ITP location is a pilot selected location 
determined by operating the algorithm of the invention to 
apply a pilot Selected offset to the approach threshold 
location data retrieved from the Stored database of approach 
threshold locations. 

0071. The algorithm of the invention is operated by the 
processor 16 to compare the forward CTP with the ITP and 
generate a signal as a function of the difference. In order to 
ensure a safe landing the CTP must coincide with the ITP 
within predetermined limits safety limits. If the aircraft's 
real-time forward CTP deviates from the ITP by more than 
a maximum Safe deviation, a warning indication is generated 
and annunciated over an audio System 30. For example, an 
appropriate aural alert is annunciated to the flight crew to 
indicate that a hazards exists. For example, according to one 
embodiment of the invention, aural alerts are provided to the 
flight crew to indicate that any of the previously described 
deviations or hazards exist. According to another embodi 
ment of the invention, aural warning are provided that advise 
of a potential Solution to avoid the described deviations or 
hazards. The avionicS apparatus 10 provides cognitively 
simple aural warnings, such as “Add Power” or “Reduce 
Speed,” as appropriate. 

0.072 According to still another embodiment of the 
invention, the algorithm of the invention is operated by the 
processor 16 to compute a current Track of the aircraft, i.e., 
the actual path over the ground traveled by the aircraft. The 
algorithm is further operated to retrieve the runway direction 
or path from the database 20 of stored runway information. 
The algorithm compares the Track with the runway direction 
or path and generate a signal as a function of the difference. 
In order to ensure a Safe landing the Track must coincide or 
line-up with the runway within predetermined limits Safety 
limits. If the aircraft's real-time Track deviates from a 
preferred or “ideal’ glide path to the runway by more than 
a maximum Safe deviation, a warning indication is generated 
and annunciated over the audio System 30. For example, an 
appropriate aural alert is annunciated to the flight crew to 
indicate that a hazards exists. According to one embodiment 
of the invention, aural warning are provided that advise of 
a potential Solution to correct the Situation, Such as “Port” or 
"Starboard,” as appropriate. 
0073. Additional Embodiments 
0.074 As discussed above, different grades of the method 
of the invention for determining a terminal flight path, the 
avionicS apparatus of the invention, and the computer pro 
gram product implementing the method of the invention are 
appropriate for different grades of aircraft. Therefore, the 
present invention includes a range of Solutions that fit within 
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the cost/benefit tradeoffs of the different grades of General 
Aviation, Air Transport and Business Aviation aircraft. The 
different embodiments of the invention therefore include a 
range of Solutions that address the differences in existing 
Sensors, navigation equipment, and display Solutions typical 
of this range of aircraft grades. 

0075) An aircraft's ability to actually arrive at the ITP is 
a function of Several different aircraft data factors, including 
aircraft configuration, i.e., the configuration of its gear, flaps, 
Spoilers, and Speedbrakes, engine thrust, which is a function 
of the aircraft's available power plant as well as the current 
power Setting, and trajectory, which is determined by 
Selected descent angle, True Airspeed (TAS), wind Speed 
and gradient, density altitude, aircraft weight, and bank 
angle. A pilot Sets up the approach to account for these data 
factors and arrive safely at the Intended Touchdown Point. 
However, a pilot's ability to actually arrive at the ITP is a 
function of the effect of the aircraft's performance param 
eters on its ability to conform to the approach Set up by the 
pilot. 

0.076 FIG. 12 illustrates the present invention embodied 
in an algorithm for accurately estimating the forward CTP 
by using an adjustment factor in addition to the current 
position, relative altitude and horizontal distance to the ITP 
used in the prior art estimate, as discussed above. Using this 
information, the aircraft's near-instantaneous flight path 
vector can be rapidly and easily computed as a function of 
the aircraft's current configuration, engine thrust, trajectory, 
and prevailing atmospheric conditions. 

0077. By accounting for the effect of these factors, an 
accurate glidepath model is generated in real time. To 
achieve this accurate glidepath model, increasing levels of 
Sophistication for on-board Systems are used, including by 
example and without limitation: Air Data Computers, Flight 
Management Systems with performance data Such as gear, 
flap and Speedbrake position Sensors, and thrust Sensors or 
look-up tables providing thrust characteristics. The Hori 
Zontal Distance to Landing computed using the Simplified 
prior art algorithm is affected by: landing configuration, drift 
due to prevailing wind, air density, and bank angle. A 
Horizontal Distance to Landing Adjustment Factor 
(HDLAF) is computed to account for these factors according 
to the following: 

HDLAF = 

Aircraft Attitude 
? (L/Dconfig+ Driftwwd + Density Air + Bank Angled t, 
R inway Altitude 

0078 where the landing configuration (L/DN) is 
given by: 

ENESISR Gear Position+Drag Flap Position+ Drag Speedbrake Position)--Thrustcurrent). 

0079. In other words, the Lift-to-Drag Coefficient 
(L/Dconic) is a function of the aircraft's current coeffi 
cients of drag and thrust, where the drag coefficient is a 
function of the drag produced by the current gear, flap and 
Speedbrake positions. The integral of the above equation 
indicates that the actual Horizontal Distance to Landing 
Adjustment Factor is the sum of the effects over the entire 
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flight path between the aircraft's current altitude and the 
runway, taken in infinitesimally Small increments. 

0080 According to one embodiment of the invention, the 
Maximum Touchdown Point is computed, where the MTP is 
the farthest point along the runway where the aircraft can 
touchdown given its current configuration and performance. 
AS discussed above, if the Maximum Touchdown Point is 
closer than the ITP, the plane will be short of the ITP unless 
power is increased, bank angle is decreased, or the C is 
increased. A maximum Horizontal Distance to Landing 
Adjustment Factor (HDLAFM) is computed according to: 

Aircraft Attitude 
HDLAFMAx = I. (L/DMAX CONFIG - 

Runway Attitude 

Drift + Density AR + Bank Angle DEGREES)dt, 

0081 where: 

L/DMAx ONE'S sit Position+Drag Flap Posi tion+Drag Speedbrake Position--Thrustcurrent). 

0082) While the maximum Lift-to-Drag ratio (L/DMA 
CONFIG) equation used in computing the maximum Hori 
Zontal Distance to Landing Adjustment Factor (HDLAF 
MAX) is the same as the Lift-to-Drag Coefficient (L/D on 
FIG) used in computing the Horizontal Distance to Landing 
Adjustment Factor (HDLAF) given above, these are two 
different L/D ratios: L/D is the lift-to-drag ratio for a 
current aircraft configuration, and L/DMAX conro is a 
maximum possible lift-to-drag ratio that could be achieved 
by an aircraft having a given configuration. For example, 
with the flapS and gear down flying at an approach Speed, a 
commercial transport might have an L/D conic of a first 
value, but by Slowing down, which in effect changes the 
aircraft's angle of attack, the L/DMAX conro can be 
achieved and result in the L/D value increasing to a Sub 
Stantially larger value. The maximum Horizontal Distance to 
Landing Adjustment Factor (HDLAFMA) thus achieved is 
Substantially greater than the Horizontal Distance to Land 
ing Adjustment Factor (HDLAF) achieved based on the first 
Value, L/D confo. 
0083 FIG. 13 illustrates the terminal flight path deter 
mination of the invention as embodied in a set of machine 
instructions received and operated by another onboard avi 
onics apparatus 100. The machine instructions include 
instructions for receiving data from one or more of the 
instrument information signals available on either an aircraft 
data bus 102 or another suitable means for providing real 
time electronic signal data Source of instrument signals 
reporting flight parameter information provides the various 
Signals to the integrated terminal flight path determination 
system 100 of the invention. A detailed description of the 
signals available on an aircraft data bus 102 is provided by 
the ARINC Characteristic 429 as published by Aeronautical 
Radio, Incorporated of Annapolis, Md., the entirety of which 
is incorporated herein by reference. Included among the 
signals provided by the aircraft data bus 102 or other suitable 
Source are signals useful for operating the terminal flight 
path determination system 100 of the invention, these sig 
nals including by example and without limitation: naviga 
tion signals including GPS altitude, course, heading, latitude 
and longitude Signals, Wide Area Augmentation System 
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(WAAS) Signals and Local Area Augmentation System 
(LAAS) signals; barometric and radio altitude signals; a 
Vertical Speed Signal; an air Speed Signal; flap, Spoiler, and 
gear position Signals, pitch indicator Signals, a bank angle 
Signal; a Speedbrake Signal; engine performance data Sig 
nals, including thrust Sensors, and atmospheric data Signals, 
including wind, density and altitude Signals. 
0084. These signals are used as inputs to an integrated 
terminal flight path determination circuit, which in turn is 
effective to generate an integrated plurality of annuciator 
and display control signals informing the different aural and 
Visual display presentations of the invention. The integrated 
plurality of annuciator and display control Signals are 
applied to respective annuciator and display generators, that 
in turn generate a plurality of annuciator and display control 
Signals that result in aural warnings being annunciated on 
cockpit speakers and terminal flight path Symbology being 
displayed on a cockpit display, as described below. 
0085. According to one embodiment of the avionics 
apparatus 100, an onboard memory 104 stores the machine 
instructions and an onboard processor 106 is coupled for 
receiving and operating the machine instructions. The com 
puter processor 106 is by example and without limitation a 
microprocessor, a digital signal processor, or another Suit 
able processor and may be either a dedicated processor or a 
processor Shared with other onboard equipment. The pro 
cessor 106 includes inputs coupled to the onboard memory 
104 to the receive machine instructions and inputs coupled 
to the data buS 102 to receive Sources of instrument signals 
reporting flight parameter information. The processor 106 
uses data received from a navigation system 108 on the 
aircraft to provide current information about the aircraft's 
current latitude, longitude and altitude position, as well as 
current course and heading. The navigation data may be 
obtained directly from the navigation System, which may 
include an inertial navigation System, a Satellite navigation 
receiver such as a WAAS capable GPS receiver, or both. 
0086 One embodiment of the present invention provides 
a WAAS capable GPS receiver. WAAS technology provides 
Sufficient vertical accuracy that many of the calculations 
necessary for representing glideslope and Intended Touch 
down Point that the aircraft's static altimeter inputs are 
unnecessary, and the corresponding inaccuracies are elimi 
nated. 

0087. In addition, the invention uses software associated 
with the EGPWS that is commonly referred to as “runway 
picker Software. This Software Selects an intended runway 
for approach and landing without using the FMC Interface. 
When used in combination with a panel-mounted GPS, the 
EGPWS “runway picker' software enables calculations 
about landing intentions, even when the aircraft is circling to 
land. Use of the “runway picker' software reduces Con 
trolled Flight Into Terrain (CFIT) risk at multiple runway 
airports when the possibility exists of landing Short. One 
example is the LearJet incident on Houston Rwy 27R 
(1998). The GPS, WAAS and EGPWS “runway picker” 
technologies, when combined, enable additional Safety pro 
tection for a wide range of aircraft, including the lowest 
General Aviation aircraft through the most modern Air 
Transport and BusineSS Aviation planes. 
0088 Information about the barometric altitude, vertical 
Speed and air Speed of the aircraft are available from the 
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navigation system 108, from an air data computer 110, or 
from a barometric altimeter and a barometric rate circuit 
present on the aircraft. The Vertical Speed may be expressed 
as a barometric rate, or as ZVelocity, which may be obtained 
from an onboard inertial navigation System. Alternatively, 
the simulated visual glide path indicator system 100 utilizes 
altitude signals from a radio altimeter 112. The altitude 
Signals are optionally geometric altitude Signals generated 
by the computer processor 106 as a blended combination of 
the instantaneous GPS altitude signal and the barometric 
altitude signal as described by Johnson et al. in U.S. Pat. No. 
6,216,064, entitled METHOD AND APPARATUS FOR 
DETERMINING ALTITUDE, which is owned by the 
assignee of the present application and the entirety of which 
is incorporated herein by reference. Methods and apparatus 
for determining altitude, Specifically altitude in an aircraft, 
and an estimated error of the altitude are described in U.S. 
Pat. No. 6,216,064. The altitude determination preferably 
uses a first altitude based on hydroStatic calculations, includ 
ing local pressure and temperature, as well as a Second 
altitude which is preferably a GPS altitude. Radio altimetry 
can also be used instead of or as a complement to the GPS 
altitude. Other Sources of altitude determination can be used 
in the equation for the calculation of the final altitude. Each 
of the sources of altitude determination is provided with a 
complementary estimated error. In the final determination of 
the probable altitude, each Source of altitude information is 
preferably accorded a weighting according to the estimated 
error of the altitude Source. For global positioning altitude, 
the final combination of the altitude Sources uses a comple 
mentary filter which takes into account the Selective avail 
ability of the GPS altitude. This accounts for the long-term 
accuracy but short-term inaccuracy of GPS altitude. Cor 
rections are provided to account for horizontal changes in 
preSSure gradient as the aircraft moves from an origin to a 
destination. The invention described in U.S. Pat. No. 6,216, 
064 further provides for the altitude to be corrected based on 
non-standard atmospheric temperature (ISA) variations. In 
operating the method of U.S. Pat. No. 6,216,064, the com 
puter processor 106 and memory 104 are configured to 
receive the altitude information and make the necessary 
calculations to result in an estimate of the current altitude 
which is then made available to the different operations 
performed by the integrated display presentation system 100 
of the invention. The computer processor 106 includes 
inputs to receive Sources of altitude information. 

0089 Discrete signals from discretes 114, 116 and 136 
indicate the position of the Spoilers, flapS and landing gear, 
which indicate whether the aircraft is configured for landing, 
and discrete Signals from a pitch indicator discrete 138 
indicate the real time aircraft pitch angle. If available, 
Signals from a localizer receiver 122 indicate whether the 
aircraft is on a correct course for a landing. 

0090 Signals from the autopilot system 124 may be used 
to control the aircraft's flight characteristics. A Flight Man 
agement System (FMS) 126 coupled to the data bus 102 has 
Stored therein information about the intended course during 
the current flight, including information about the positions 
of waypoints along the aircraft's flight path. 

0.091 These signals available on the data bus 102 are 
applied to the processor 106 for enabling the terminal flight 
path information System of the invention according to the 
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different information presentation operations performed by 
the terminal flight path information system 100 of the 
invention. 

0092. A memory device 128 coupled to the processor 106 
Stores a plurality of data bases of information relevant to 
performance of the different operations of the invention. A 
location search logic device 130 is coupled between the 
memory device 128 and the processor 106 for accessing one 
of the databases during performance of one or more of the 
different operations of the invention. 
0093. Using the data supplied by the different instrument 
and radio communication Signals available on the data bus 
102, the processor 106 operates one or more algorithms for 
generating the plurality of aural and display control signals 
illustrated herein and described in detail below. The aural 
and display control Signals are output respectively to display 
and annunciation generators 132, 134 that interpret the aural 
and display control Signal to generate the terminal flight path 
information aural and display information of the invention, 
as discussed herein. 

0094. The aircraft's current latitude, longitude, and alti 
tude position are derived from the onboard GPS receiver 
114. Barometric altitude may be used rather than the GPS 
altitude data. According to one embodiment of the avionics 
apparatus 100 of the invention, the GPS receiver 114 is 
WAAS capable, whereby WAAS technology provides suf 
ficient vertical accuracy that many of the calculations nec 
essary for representing glideslope and Intended Touchdown 
Point are avoided. 

0.095 The onboard processor 106, which is either part of 
the onboard GPS receiver 114 or another onboard processor, 
operates an algorithm described herein for rapidly and easily 
computing the aircraft's Current Touchdown Point. As 
described herein, the algorithm operated by the processor 
106 computes the aircraft's current groundspeed and Vertical 
Speed, which are combined to compute the aircraft's real 
time near-instantaneous flight path Vector. 
0096) The algorithm of the invention may be further 
operated to compute Supporting data, including an Aircraft 
Relative Altitude, an Estimated Time to landing, and an 
Estimated Horizontal Distance to Landing, as discussed 
above. 

0097 According to the present invention, the non-vola 
tile memory 128 coupled to the processor 106 stores a 
database 136 of runway elevation MSL data for a number of 
runways. The database 136 is alternatively stored on a 
portable computer-readable medium 138, Such as a compact 
disc (CD) or floppy diskette, and read in via a media reader 
140 coupled to the processor via an I/O port. The algorithm 
of the invention is further operated to retrieve the stored 
runway elevation MSL data for the current runway and 
computes the current CTP by determining where the air 
craft's current flight path Vector intercepts the runway's 
Surface. 

0098. According to still another embodiment of the 
invention the algorithm of the invention is operated by the 
processor 106 to compute the actual path over the ground 
traveled by the aircraft, i.e., the current Track of the aircraft, 
as discussed above. The algorithm retrieves the runway 
direction or path from the database 136, compares the Track 
with the runway direction or path, and generates a signal as 
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a function of the difference within predetermined limits 
safety limits. If the aircraft's real-time Track deviates from 
the runway by more than a maximum Safe deviation, a 
warning indication is generated and annunciated over the 
audio System. AS discussed above, an appropriate aural alert 
is annunciated to the flight crew to indicate that a hazards 
exists. According to one embodiment of the invention, aural 
warning are provided that advise of a potential Solution to 
correct the situation, Such as “Port” or "Starboard,” as 
appropriate. 

0099. According to one embodiment of the invention, the 
different data factors affecting aircraft glidepath are com 
pared to data derived from a Stored look-up table of perfor 
mance for the given aircraft type, and an approximation is 
made of the aircraft's actual descent path based on the 
planned descent path. Given the aircraft's current position 
and the approximation of the actual descent path, the CTP is 
determined. 

0100 AS discussed above, FIG. 12 illustrates the present 
invention's estimate of the forward and lateral CTP, which 
is also computed as a function of the current position, 
relative altitude and horizontal distance to the ITP. But by 
contrast to the prior art estimate, the present invention 
computes the estimated Current Touchdown Point as a 
further function of an adjustment factor made up of Several 
additional data factors, including the aircraft data factors: 
current trajectory, configuration, and engine thrust, as well 
as current atmospheric conditions. The present invention 
compares this more accurately estimated CTP to the 
Intended Touchdown Point and informs the pilot of danger 
ous trends away from the ITP so that the pilot can correct for 
them, thereby avoiding a mishap. 
0101. In the practice of the present invention, a pilot 
Selects a point on the runway and flies the approach So as to 
land at the Intended Touchdown Point ITP. Under VFR 
operations, the ITP is completely at the pilot's discretion, but 
as discussed above, the ITP must be located Such so as to 
allow a Safe landing and Stop in the available runway 
distance. According to one embodiment of the invention, the 
ITP is evaluated to ensure that its location relative to the 
runway is Sufficient for the needs of the aircraft as a function 
of the current configuration, weight, density altitude and 
optionally the current atmospheric conditions. Cautions are 
provided if the ITP fails to meet safety criteria such as 
Stopping distance. 
0102) The present invention provides a real-time compu 
tation for determining the aircraft's Current Touchdown 
Point, and for determining its relationship to the Intended 
Touchdown Point. The information is displayed in a manner 
that permits the pilot to view it even when concentrating on 
looking outside the cockpit. The displayed information 
permits the pilot to adjust the different aircraft data factors: 
configuration, engine thrust, and trajectory, to conform the 
aircraft's Current Touchdown Point to the Intended Touch 
down Point. Safety is thus enhanced, accidents are pre 
vented, and lives will be saved. 

0103) The situations that the method for determining a 
terminal flight path and the avionics apparatus and computer 
program product implementing the method detect include 
cases where CTP is less than ITP. In such case, the plane as 
currently being flown will not land at the ITP To correct, the 
pilot must actively change the factors that affect the Hori 
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Zontal Distance to Landing Adjustment Factor (HDLAF) or 
maximum Horizontal Distance to Landing Adjustment Fac 
tor (HDLAFMA) discussed herein. The pilot must, for 
example, change the descent angle, add power, decrease 
drag, or increase lift. The invention provides a simple aural 
warning, Such as “Landing Short, as well as a visual cue, 
as discussed below. 

0104. The situations that the method, avionics apparatus 
and computer program product of the invention detect also 
include cases where even MTP is closer than ITP. In this 
Scenario, the invention computes that even by flying an 
optimum profile the aircraft will not attain the ITP given the 
current configuration, power Settings, and atmospheric con 
ditions. 

0105 The invention also detects situation where the 
aircraft has too much energy for the runway and forward 
CTP. In such situations, given the current flight profile, the 
aircraft will touch down too far along the runway to Stop in 
the available remaining distance given the amount of energy 
it currently has. This situation is either computed directly by 
determining the tabulated land and Stop distance for the 
plane given its current weight and configuration, or inferred 
as a function of the estimated forward CTP. Any excess 
airspeed is added to the estimated CTP, and the overshoot of 
the forward CTP beyond the ITP is then computed as a 
percentage of available runway length. When the aircraft has 
too much energy for the runway and forward CTP a warning 
is provided to the pilot. 

0106. In cases where the aircraft has too much energy for 
the runway and the forward CTP, by cross-referencing the 
determined actual descent angle against preset glideslope 
parameters and rate of descent parameters the invention also 
provides a warning that the glideslope that the pilot is flying 
to achieve the CTP should be moderated. For instance, a 
warning System for commercial airlinerS is Strapped to allow 
an acceptable range of 2.0 to 4.5 degrees and a maximum 
descent rate of 300 fpm. When the flight profile being flown 
by the pilot exceeds these limitations, a warning is provided. 

0107 The invention also detects lateral touchdown 
deviations of the type illustrated in FIG. 5. Given the ITP 
and the plane's lateral CTP, the invention either retrieves the 
runway centerline and direction or path from the database 
136 of stored runway information, or retrieves the location 
of runway centerline end-points from the database 136 and 
computes the runway direction or path. The invention then 
provides any of simple aural alerts, warnings and Visual cues 
indicating to the pilot that the aircraft is lined up off the 
runway centerline 2. With the GPS Selective Availability 
turned off, the current lateral accuracy of GPS is approxi 
mately 9 meters RMS. 
0108. This accuracy enables the warning system of the 
invention to warn the pilot of a potential misalignment off 
the intended runway, thereby enabling the pilot to achieve a 
Stabilized approach much Sooner than Visual cues would 
permit and avoid a mishap. 
0109) Aural Alerts are provided by the warning system of 
the invention to the flight crew to indicate that any of the 
previously described deviations or hazards exist. The Aural 
Warning optionally advises of a potential Solution, Such as 
“Add Power” or “Reduce Speed”. Visual Indication of 
Glidepath Errors and Lateral Line-Up Errors The warning 
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System of the invention presents the pilot with a simple 
Visual indicator that shows the plane's forward and lateral 
CTP relative to the ITP. Dangerous situations such as 
forward CTP being closer than ITP are indicated by chang 
ing colors, flashing lights, or changing icons. 
0110. In the case where a plane's flightpath will take it to 
a lateral CTP located off the runway centerline by a prede 
termined amount, where the predetermined amount is for 
example a function of runway width as retrieved from the 
central navigation database 18, the invention provides visual 
cues to advise the pilot of a needed correction. 
0111. The warning system is also capable of providing 
the pilot with indications of a rapid rate of change in line up. 
For instance, if the plane is instantaneously lined up on 
runway centerline but the CTP is rapidly drifting to one side, 
the warning System optionally provides a visual cue to alert 
the pilot to this situation. 
0112 FIG. 14 illustrates an angle of attack indicator 200 
of the current art. Military pilots, and now Some civilian 
pilots, have long benefited from having the angle of attack 
indicator device 200 located in peripheral view on the edge 
of the primary field of view over the glareshield. This 
indicator shows the plane's Speed relative to a preferred or 
“ideal” ideal approach angle of attack. This type of indicator 
provides the advantage that it is perceived by the pilot 
through peripheral vision. Also, it is a Small package that can 
be easily retrofitted to existing cockpits. The invention 
provides an indicator device 200 of the type illustrated in 
FIG. 14 having extended abilities to provide warnings about 
the plane's flightpath to achieve the intended touchdown 
point. This simple visual warning System may achieve 
Significant reductions in the number of mishaps that occur as 
aircraft maneuver during their last mile to landing. The 
invention provides changes in color and shape on the 
indicator that are easily perceived by the pilot without 
drawing primary attention unnecessarily away from Viewing 
the runway environment. 
0113 FIGS. 15-20 illustrate the present invention embod 
ied in a display 300 that provides visual indication of 
glidepath errors and lateral line-up errors. The position of 
the forward and lateral CTP relative to the ITP is displayed 
to the pilot using Symbology in the cockpit. The invention is 
illustrated by example and without limitation as Similar to 
the known visual landing aid used on the deck of aircraft 
carriers. A “Ladder” forward glidepath indicator 302 of 
colored lights Such as LEDs are illuminated to represent the 
relative forward CTP and ITP positions. Optional tapering of 
the glidepath indicator 302 represents a perspective View to 
aid in the cognitive representation. The display 300 of the 
present invention as embodied in FIGS. 15-20 is similar in 
appearance to an angle of attack indicator 200 of the current 
art and is preferably also located in peripheral view on the 
edge of the primary field of view over the glareshield. In 
construction, the invention is a set of multicolored illumi 
nation Sources Such as Light Emitting Diodes (LEDs) con 
cealed behind a thin, translucent white plastic shield. When 
inactive the pilot sees only the white plastic shield. When 
one or more of the LEDs is illuminated, it becomes visible 
through the plastic shield. By placing this device in the 
pilot's peripheral field of vision, the pilot concentration is 
normally undisturbed: the pilot only notices the display unit 
when an illuminated color appears, changes, moves or 
blinks. 
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0114. The block 404 position on the indicator 302 indi 
cates relative the position of forward CTP to ITP. The 
relative forward CTP position indicator block 304 is moved 
along the glidepath indicator 302 and changed in color to 
indicate divergence of the forward CTP from the ITP. For 
example, the relative forward CTP position indicator block 
304 changes from a neutral color such as blue (shown) to a 
warning color Such as amber and finally to a danger color 
Such as red to indicate that the limit is exceeded. Opposed 
triangular center datum indicators 306 on either side of the 
tapered forward glidepath indicator 302 represent a centered 
datum for position reference. The center datum indicators 
306 change from a neutral color Such as green (shown) to a 
danger color Such as red and optionally begin to flash to 
indicate that the aircraft has too much energy to land Safely 
in the length of runway available. 

0115) A single row vertical triangular colored indicator 
LED’s 308 in a horizontal centerline or lateral glidepath 
indicator block 310 below the forward glidepath indicator 
302 indicate the current lateral CTP line-up error. Neutrally 
colored centerline or lateral glidepath indicator triangles 
308, Such as blue triangles, indicate line up within accept 
able lateral deviations limits. Colored centerline indicator 
triangles 308 are illuminated to left or right to indicate port 
or starboard deviation. If lateral deviation limits are 
exceeded, amber centerline indicator triangles 308 are illu 
minated at either extreme of the horizontal block 310 of 
triangular colored centerline indicator LED’s 308, as illus 
trated in a Subsequent Figure. 

0116 FIG. 15 illustrates the display indication that the 
forward CTP coincides with the ITP and that the aircraft is 
correctly lined up with respect to the runway centerline. In 
this example, the relative forward CTP position indicator 
block 304 is positioned in the approximate vertical center of 
the forward glidepath indicator 302, thereby indicating that 
the forward CTP and ITP positions coincide at least within 
acceptable limits. Furthermore, the relative forward CTP 
position indicator 304 is positioned between the opposed 
triangular indicators 306 on either side of the tapered 
indicator 302, which indicates the vertically central position 
of the forward glidepath indicator block 302. The single 
centerline or lateral glidepath indicator triangle 308 is posi 
tioned at the center of the horizontal block 310 and is 
neutrally colored (blue shown), thereby indicating that the 
current lateral line-up is within acceptable limits. 

0117 FIG. 16 shows the single centerline or lateral 
glidepath indicator triangle 308 is positioned at the center of 
the horizontal block 310 and is neutrally colored, thereby 
indicating that the current lateral line-up is within acceptable 
limits. However, in this example, the relative forward CTP 
position indicator block 304 is positioned above the vertical 
center of the forward glidepath indicator 302, thereby indi 
cating that the CTP position deviates from the ITP position 
and the aircraft is landing long, beyond the ITP 

0118 FIG. 17 shows the relative forward CTP position 
indicator block 304 is positioned significantly below the 
vertical center of the forward glidepath indicator 302, indi 
cating that the forward CTP position is short relative to the 
ITP position so that the aircraft will land significantly short 
of the runway threshold and the ITP. Optionally, the color of 
the relative forward CTP position indicator 304 is changed 
to a danger color Such as red (shown) or otherwise modified 
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to draw visual attention. The Single centerline or lateral 
glidepath indicator triangle 308 is positioned off (left) of the 
center of the horizontal block 310 but is still neutrally 
colored, thereby indicating that the aircraft is currently 
laterally lined-up for a touchdown point outside of accept 
able limits. 

0119 FIG. 18 shows the single centerline or lateral 
glidepath indicator triangle 308 is positioned at the center of 
the horizontal block 310 and is neutrally colored (not 
shown), thereby indicating that the current lateral line-up is 
within acceptable limits. In this example, the relative for 
ward CTP position indicator block 304 is positioned only 
slightly above the vertical center of the forward glidepath 
indicator 302, thereby indicating that the forward CTP 
position deviates slightly from the ITP position and the 
aircraft is landing a little bit long, beyond the ITP. However, 
the normally neutral colored relative forward CTP position 
indicator block 304 changed to either a warning color such 
as amber (shown) or a danger color Such as red and begins 
flashing or otherwise drawing visual attention. The relative 
forward CTP position indicator 304 thereby indicates that 
the aircraft has too much energy to land in the length of 
runway remaining beyond the estimated forward CTP. 
0120 In FIG. 19 the aircraft is correctly aimed at the ITP 
So that the forward CTP coincides with the ITP within 
acceptable safety limits but the lateral CTP is lined up well 
off centerline. Therefore, the relative forward CTP position 
indicator block 304 is illuminated at the approximate verti 
cal center of the glidepath indicator 302 and remains neu 
trally colored (color not shown). The relative forward CTP 
position indicator blocks 304a and 304b are shown at the 
closer and further extremes of the glidepath indicator 302 as 
examples of the relative warning and danger positions, 
respectively, of the relative forward CTP position indicator 
304. These relative CTP position indicator blocks 304a and 
304b are illuminated as appropriate to indicate warning and 
danger Situations according to the invention. For example, 
the relative forward CTP position indicator blocks 304a and 
304b may be colored warning and danger colors, respec 
tively, Such as yellow and red. 
0121 The vertical triangular colored indicator LED's 
308 in the horizontal centerline or lateral glidepath indicator 
block 310 below the glidepath indicator 302 indicate the 
current lateral line-up error. For example, when a single 
neutrally colored lateral glidepath indicator 308 is posi 
tioned at the center of the horizontal lateral glidepath 
indicator block 310, the lateral CTP corresponds to the ITP 
within acceptable limits. When the CTP shifts laterally away 
from the ITP, one of multiple lateral glidepath indicators to 
left and right of center are illuminated as a function of the 
degree of lateral deviation and whether the lateral deviation 
from the ITP is port or starboard. The lateral CTP deviation 
indicators 308a, 308b are positioned at either extreme of the 
lateral glidepath indicator block 310. These lateral glidepath 
deviation indicators 308a, 308b are illuminated having 
either a warning color Such as amber (shown) or a danger 
color Such as red as a function of the glidepaths lateral 
deviation from the runway centerline. Optionally, the illu 
minated lateral glidepath indicator 308a or 308b begins 
flashing (not shown) or otherwise increases the draw of 
Visual attention. 

0122 FIG. 20 illustrates the display 300 of the invention 
that provides visual indication of glidepath errors and lateral 
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line-up errors when the aircraft is correctly aimed at the ITP 
and centerline, but its glidepath exceeds a pre-programmed 
descent profile limitations, Such as descent angle or vertical 
speed. The display 300 indicates that the forward CTP 
coincides with the ITP and that the aircraft is correctly lined 
up with respect to the runway centerline. The display 300 
shows the relative forward CTP position indicator 304 
positioned in the approximate vertical center of the glidepath 
indicator 302, thereby indicating that the forward CTP and 
ITP positions coincide at least within acceptable limits. 
Furthermore, the relative forward CTP position indicator 
304 is positioned between the opposed triangular center 
indicators 306 on either side of the tapered indicator 302, 
which cognitively indicates the Vertically central position of 
the relative forward CTP position indicator 304 on the 
forward glidepath indicator 302. The single centerline or 
lateral glidepath indicator triangle 308 is positioned at the 
center of the horizontal block 310 and is neutrally colored 
and without any of the lateral deviation glidepath indicators 
308a, 308b being in evidence, thereby indicating that the 
current lateral CTP line-up is within acceptable limits. 
However, the neutrally colored opposed triangular center 
datum indicators 306 on either side of the tapered indicator 
302 are optionally changed to a warning color Such as amber 
(not shown) or a danger color Such as red (shown) and are 
flashing or otherwise drawing Visual attention. The center 
datum indicators 306 thereby indicate that the current glide 
path exceeds the pre-programmed descent profile limita 
tions, Such as descent angle or vertical Speed. 
0123 Computer Program Product 
0.124. In addition to being practiced as apparatus and 
methods, the present invention is also practiced as a com 
puter program product for indicating deviation from a glide 
path, including deviation of forward and lateral CTP posi 
tions from an ITP position. With reference to FIGS. 11 and 
13, respectively, the computer-readable Storage medium 
may be part of the memory device 18, 104, and the processor 
16, 106 of the present invention implements the computer 
readable program code means to determine forward and 
lateral CTP positions, an ITP position, determine a corre 
spondence between the forward and lateral CTP positions 
and the ITP position or deviation therebetween, and generate 
an alert as a function of the correspondence or deviation. 
0.125 The computer program product of the invention 
includes computer program product of the invention is a 
computer-readable Storage medium having computer-read 
able program code means embodied in the medium. The 
computer-readable program code means includes a first 
computer-readable program code means for determining a 
global position from a received plurality of navigation data, 
a Second computer-readable program code means for deter 
mining an altitude above ground level from one or more 
received navigation datum, a third computer-readable pro 
gram code means for retrieving a plurality of airport infor 
mation from a database of airport information as a function 
of the position determined from the first computer-readable 
program code means, a fourth computer-readable program 
code means for determining an Intended Touchdown Point 
as a function of the airport information retrieved by the third 
computer-readable program code means, a fifth computer 
readable program code means for determining a Current 
Touchdown Point as a function of the global position deter 
mined by the first computer-readable program code means 
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and the altitude determined by the Second computer-read 
able program code means, a Sixth computer-readable pro 
gram code means for determining correspondence between 
the Current Touchdown Point determined from the fifth 
computer-readable program code means and the Intended 
Touchdown Point determined from the fourth computer 
readable program code means, and a Seventh computer 
readable program code means for outputting a signal as a 
function of the correspondence determined from the Sixth 
computer-readable program code means. 

0126. According to one embodiment of the invention, the 
fifth computer-readable program code means, that for deter 
mining a Current Touchdown Point as a function of the 
global position and the altitude, includes computer-readable 
program code means for determining an actual glide path as 
a function of a plurality of Subsequent global positions 
determined by the first computer-readable program code 
means and a plurality of Subsequent altitudes determined by 
the Second computer-readable program code means. 

0127. According to another embodiment of the invention, 
the Sixth computer-readable program code means, that for 
determining correspondence between the Current Touch 
down Point and the Intended Touchdown Point, includes 
computer-readable program code means for determining 
correspondence between the actual glide path and a prede 
termined glide path. 

0128. According to another embodiment of the invention, 
the Seventh computer-readable program code means, that for 
outputting a signal as a function of the correspondence 
determined from the Sixth computer-readable program code 
means, includes computer-readable program code means for 
outputting a Signal as a function of the correspondence 
between the actual glide path and a predetermined glide path 
determined from the Sixth computer-readable program code 
CS. 

0129. According to another embodiment of the invention, 
the fifth computer-readable program code means, that for 
determining a Current Touchdown Point, also includes 
determining the Current Touchdown Point as a function of 
the global position, the altitude, and a received plurality of 
aircraft performance data. 

0130. According to another embodiment of the invention, 
the computer program product of the invention also includes 
computer-readable program code means for determining a 
current level of flight energy as a function of the plurality of 
aircraft performance data. 

0131 According to still another embodiment of the 
invention, the computer program product of the invention 
also includes computer-readable program code means for 
outputting a warning Signal as a function of the current level 
of flight energy and the airport information. 

0132) According to yet another embodiment of the inven 
tion, the computer program product of the invention also 
includes computer-readable program code means for deter 
mining a descent rate as a function of Subsequent altitudes 
above ground determined by the Second computer-readable 
program code means over a period of elapsed time. 

0133) While the preferred embodiment of the invention 
has been illustrated and described, it will be appreciated that 
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various changes can be made therein without departing from 
the Spirit and Scope of the invention. 
What is claimed is: 

1. A terminal flight path correspondence determination 
apparatus, comprising: 

a means for receiving a plurality of navigation signals, 
a means for determining a current position as a function 

of the navigation signals, 
a means for determining an Intended Touchdown Point; 
a means for determining a Current Touchdown Point; 
a means for determining correspondence between the 

Current Touchdown Point and Intended Touchdown 
Point; and 

a means for Outputting a Signal representative of the 
correspondence between the Current Touchdown Point 
and Intended Touchdown Point. 

2. The apparatus of claim 1 wherein the means for 
determining a Current Touchdown Point further comprises 
means for comparing Subsequent navigation signals as a 
function of elapsed time between the Subsequent navigation 
Signals. 

3. The apparatus of claim 1 wherein the means for 
determining a Current Touchdown Point further comprises 
determining a rate of descent. 

4. The apparatus of claim 1, further comprising a means 
for retrieving a runway altitude information from a database 
of airport information; and 

wherein the means for determining a Current Touchdown 
Point further comprises determining an interSection 
with the runway. 

5. The apparatus of claim 1 wherein the means for 
determining a Intended Touchdown Point further comprises 
a means for determining a glide path to the Intended 
Touchdown Point position; 

the means for determining a Current Touchdown Point 
further comprises a means for determining an actual 
glide path as a function of one or more of the navigation 
Signals, and 

the means for determining correspondence between the 
Current Touchdown Point and Intended Touchdown 
Point further comprises a means for determining devia 
tion of the actual glide path from the glide path to the 
Intended Touchdown Point position. 

6. The apparatus of claim 1 wherein the means for 
outputting a Signal representative of the correspondence 
between the Current Touchdown Point and Intended Touch 
down Point further comprises a means for generating one or 
more of an audio and a Video signal. 

7. The apparatus of claim 6 wherein the means for 
generating a Video signal includes means for generating one 
or more of a signal representative of a deviation of a forward 
Current Touchdown Point from the Intended Touchdown 
Point and a signal representative of a deviation of a lateral 
Current Touchdown Point from the Intended Touchdown 
Point. 

8. The apparatus of claim 7, further comprising means for 
displaying the Video signal. 

9. The apparatus of claim 1, further comprising a means 
for receiving a plurality of different aircraft data Signals, and 
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wherein the means for determining a Current Touchdown 
Point further comprises a means for determining the 
Current Touchdown Point as a function of the aircraft 
data Signals. 

10. The apparatus of claim 1, further comprising a means 
for receiving a one or more data Signals representative of 
atmospheric conditions, and 

wherein the means for determining a Current Touchdown 
Point further comprises a means for determining the 
Current Touchdown Point as a function of the atmo 
Spheric data Signals. 

11. A terminal flight path deviation generator, comprising: 
a Stored database of airport runway location and elevation 

information accessible as a function of position; 
a processor coupled to receive aircraft position and eleva 

tion data and coupled for retrieving the airport infor 
mation from the database as a function of the aircraft 
position data, the processor being Structured to operate 
a computer program for generating a Current Touch 
down Point position, comparing the Current Touch 
down Point position to a predetermined Intended 
Touchdown Point position, and generating a signal 
representative of deviation of the Current Touchdown 
Point position from the predetermined Intended Touch 
down Point position; and 

a cockpit warning indicator being coupled to receive the 
deviation Signal and being structured to generate a 
warning as a function of the deviation Signal. 

12. The terminal flight path deviation generator of claim 
11 wherein the processor is further structured to operate a 
computer program for generating the Intended Touchdown 
Point position. 

13. The terminal flight path deviation generator of claim 
11 wherein the cockpit warning indicator further comprises 
one or more of an audio annunciation device and a visual 
display device. 

14. The terminal flight path deviation generator of claim 
11 wherein the processor is further structured to operate a 
computer program for determining runway direction infor 
mation. 

15. The terminal flight path deviation generator of claim 
14 wherein the processor is further structured to operate a 
computer program for generating an ideal glideslope to the 
Intended Touchdown Point position; and 

wherein the processor is further structured to operate a 
computer program for determining deviation of an 
actual track from the ideal glideslope to the Intended 
Touchdown Point position. 

16. The terminal flight path deviation generator of claim 
15 wherein in the cockpit warning indicator further com 
prises a visual display device having a horizontal display 
portion for indicating a lateral deviation of the Current 
Touchdown Point position from the Intended Touchdown 
Point position. 

17. The terminal flight path deviation generator of claim 
16 wherein in the cockpit visual display device further 
comprises a ladder indicator for indicating deviation of the 
Current Touchdown Point position from the Intended Touch 
down Point position. 

18. The terminal flight path deviation generator of claim 
11 wherein the processor is further coupled to receive 
aircraft performance data; 
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and the processor is further structured to operate a com 
puter program for generating a Current Touchdown 
Point position as a function of the aircraft performance 
data. 

19. An airport terminal flight path determination appara 
tus, comprising: 

a memory having a stored database of airport information 
accessible as a function of position, the airport infor 
mation including at least runway location and elevation 
(direction) information; 

a processor Structured to receive a plurality of navigation 
Signals representative of a position and an altitude of a 
host aircraft, the processor being further Structured to 
determine a host aircraft Current Touchdown Point 
position and elevation, to access the airport information 
as a function of the position the host aircraft, and to 
determine an Intended Touchdown Point position and 
elevation as a function of the airport information; 

a signal generator operated by the processor, the generator 
being structured to retrieve the Current Touchdown 
Point and Intended Touchdown Point position and 
elevation information, compare the Current Touch 
down Point and Intended Touchdown Point position 
and elevation information, and output a signal repre 
Sentative of a degree of coincidence of the Current 
Touchdown Point position and elevation with the 
Intended Touchdown Point position and elevation; and 

a cockpit indicator Structured to receive the Signal output 
by the signal generator and responsively output an 
indication of the degree of coincidence of the Current 
Touchdown Point and Intended Touchdown Point posi 
tion and elevation. 

20. The apparatus of claim 19 wherein the cockpit indi 
cator is further Structured to annunciate audio information as 
a function of the degree of coincidence of the Current 
Touchdown Point and Intended Touchdown Point position 
and elevation. 

21. The apparatus of claim 19, further comprising a Source 
of host aircraft configuration, thrust, and trajectory data; 

wherein the processor is further coupled to receive the 
aircraft configuration, thrust, and trajectory data; 

and the processor is further Structured to determine the 
Current Touchdown Point position and elevation as a 
function of the aircraft configuration, thrust, and tra 
jectory data. 

22. The apparatus of claim 19, further comprising a Source 
of current atmospheric condition data; 

wherein the processor is further coupled to receive the 
current atmospheric condition data; 

and the processor is further Structured to determine the 
Current Touchdown Point position and elevation as a 
function of the current atmospheric condition data. 

23. The apparatus of claim 19 wherein: 
the processor is further Structured to determine a direction 

of the runway and a current glide path of the host 
aircraft; 

the Signal generator operated by the processor is further 
Structured to retrieve the current glide path and runway 
direction information, compare the current glide path 



US 2004/0044446 A1 

and runway direction information, and output a signal 
representative of a degree of coincidence of the current 
glide path and runway direction; and 

the cockpit indicator Structured to receive the Signal 
output by the Signal generator and responsively output 
an indication of the degree of coincidence of the current 
glide path and runway direction. 

24. The apparatus of claim 23 wherein the cockpit indi 
cator Structured to output a visual display indication of the 
degree of coincidence of the current glide path and runway 
direction. 

25. A method for using an electronic circuit to compare a 
Signal conveying Current Touchdown Point data with a 
predetermined Intended Touchdown Point, the method com 
prising: 

receiving a plurality of navigation Signals, 

retrieving runway information from a database as a func 
tion of one or more of the navigation Signals, 

determining a Current Touchdown Point relative to a 
runway as a function of the navigation signals, 

determining an Intended Touchdown Point relative to the 
runway as a function of the runway information; 

determining deviation of the Current Touchdown Point 
from the Intended Touchdown Point; and 

outputting a signal representative of the deviation of the 
Current Touchdown Point from the Intended Touch 
down Point. 

26. The method of claim 25, further comprising receiving 
a plurality of aircraft performance Signals, and 

wherein determining a Current Touchdown Point further 
comprises determining the Current Touchdown Point as 
a function of the aircraft performance Signals. 

27. The method of claim 26, further comprising: 
determining a runway length; 

determining a safe Stopping distance after the Intended 
Touchdown Point; 

determining deviation of the Safe Stopping distance and 
the runway length; and 

outputting a Signal representative of the deviation of the 
Safe Stopping distance and the runway length. 

28. The method of claim 25, further comprising receiving 
a plurality of atmospheric condition Signals, and 

wherein determining a Current Touchdown Point further 
comprises determining the Current Touchdown Point as 
a function of the atmospheric condition Signals. 

29. The method of claim 25 wherein determining devia 
tion of the Current Touchdown Point from the Intended 
Touchdown Point further comprises determining both a 
forward and a lateral deviation of the Current Touchdown 
Point from the Intended Touchdown Point. 

30. The method of claim 29, further comprising generat 
ing a display representative of both the forward and lateral 
deviations of the Current Touchdown Point from the 
Intended Touchdown Point. 
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31. The method of claim 30 wherein: 

determining an Intended Touchdown Point relative to the 
runway further comprises determining a preferred glide 
path; 

determining a Current Touchdown Point relative to the 
runway further comprises determining an actual glide 
path; and 

determining deviation the lateral deviation of the Current 
Touchdown Point from the Intended Touchdown Point 
further comprises determining deviation of the actual 
glide path from the preferred glide path. 

32. A computer program product for configuring an avi 
onicS device, the computer program product including: 

a computer-uSable medium having computer-readable 
code embodied therein for configuring a computer 
processor, the computer program product comprising: 

computer-readable code configured to cause a computer 
processor to retrieve from Storage on a computer 
readable medium a Set of airport information data; 

computer-readable code configured to cause a computer 
processor to determine an Intended Touchdown Point 
as a function of the airport information data; 

computer-readable code configured to cause a computer 
processor to access a Set of aircraft position informa 
tion; 

computer-readable code configured to cause a computer 
processor to determine a current aircraft position as a 
function of the Set of aircraft position information; 

computer-readable code configured to cause a computer 
processor to determine a Current Touchdown Point as 
a function of the aircraft's current position; and 

computer-readable code configured to cause a computer 
processor to determine a correspondence of the Current 
Touchdown Point and Intended Touchdown Point, and 
to generate an output signal as a function of the 
correspondence. 

33. The computer program product of claim 32, further 
comprising computer-readable code configured to cause a 
computer processor to generate a real-time instantaneous 
correspondence indication as a function of the correspon 
dence signal. 

34. The computer program product of claim 33 wherein 
the output signal generated as a function of the correspon 
dence of the Current Touchdown Point and Intended Touch 
down Point further comprises a warning indication Signal 
generated as function of the real-time instantaneous corre 
spondence exceeding a maximum permissible deviation. 

35. The computer program product of claim 32, further 
comprising computer-readable code configured to cause a 
computer processor to determine a current glide path as a 
function of a plurality of Subsequent Sets of aircraft position 
information. 

36. The computer program product of claim 35, further 
comprising computer-readable code configured to cause a 
computer processor to determine a correspondence of the 
current glide path and a predetermined glide path and to 
generate an output Signal as a function of the correspon 
dence. 

37. The computer program product of claim 32, further 
comprising computer-readable code configured to cause a 
computer processor to access a set of aircraft performance 
data; and 
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wherein the computer-readable code configured to cause 
a computer processor to determine the Current Touch 
down Point further comprises computer-readable code 
configured to cause a computer processor to determine 
the Current Touchdown Point as a function of the 
aircraft performance data. 

38. The computer program product of claim 37, further 
comprising computer-readable code configured to cause a 
computer processor to determine flightpath energy as a 
function of the aircraft performance data; and 

computer-readable code configured to cause a computer 
processor to determine a correspondence of the flight 
path energy and the Set of airport information data, and 
to generate an output Signal as a function of the 
correspondence. 

39. The computer program product of claim 32 further 
comprising computer-readable code configured to cause a 
computer processor to access a set of current atmospheric 
data; and 

wherein the computer-readable code configured to cause 
a computer processor to determine the Current Touch 
down Point further comprises computer-readable code 
configured to cause a computer processor to determine 
a Current Touchdown Point as a function of the current 
atmospheric data. 

40. A computer program product for indicating deviation 
from a glide path, wherein the computer program product 
comprises: 

a computer-readable storage medium; and 
computer-readable program code means embodied in the 
medium, the computer-readable program code means 
comprising: 
first computer-readable program code means for deter 

mining a global position from a received plurality of 
navigation data, 

Second computer-readable program code means for 
determining an altitude above ground level from one 
or more received navigation datum, 

third computer-readable program code means for 
retrieving a plurality of airport information from a 
database of airport information as a function of the 
position determined from the first computer-readable 
program code means, 

fourth computer-readable program code means for 
determining an Intended Touchdown Point as a func 
tion of the airport information retrieved by the third 
computer-readable program code means, 

fifth computer-readable program code means for deter 
mining a Current Touchdown Point as a function of 
the global position determined by the first computer 
readable program code means and the altitude deter 
mined by the Second computer-readable program 
code means, 
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Sixth computer-readable program code means for deter 
mining correspondence between the Current Touch 
down Point determined from the fifth computer 
readable program code means and the Intended 
Touchdown Point determined from the fourth com 
puter-readable program code means, and 

Seventh computer-readable program code means for 
outputting a signal as a function of the correspon 
dence determined from the Sixth computer-readable 
program code means. 

41. The computer program product of claim 40 wherein 
the fifth computer-readable program code means for deter 
mining a Current Touchdown Point as a function of the 
global position and the altitude further comprises computer 
readable program code means for determining an actual 
glide path as a function of a plurality of Subsequent global 
positions determined by the first computer-readable program 
code means and a plurality of Subsequent altitudes deter 
mined by the Second computer-readable program code 
CS. 

42. The computer program product of claim 41 wherein 
the Sixth computer-readable program code means for deter 
mining correspondence between the Current Touchdown 
Point and the Intended Touchdown Point further comprises 
computer-readable program code means for determining 
correspondence between the actual glide path and a prede 
termined glide path. 

43. The computer program product of claim 42 wherein 
the Seventh computer-readable program code means for 
outputting a signal as a function of the correspondence 
determined from the Sixth computer-readable program code 
means further comprises computer-readable program code 
means for outputting a Signal as a function of the correspon 
dence between the actual glide path and a predetermined 
glide path determined from the Sixth computer-readable 
program code means. 

44. The computer program product of claim 40 wherein 
the fifth computer-readable program code means for deter 
mining a Current Touchdown Point further comprises deter 
mining the Current Touchdown Point as a function of the 
global position, the altitude, and a received plurality of 
aircraft performance data. 

45. The computer program product of claim 44, further 
comprising computer-readable program code means for 
determining a current level of flight energy as a function of 
the plurality of aircraft performance data. 

46. The computer program product of claim 45, further 
comprising computer-readable program code means for out 
putting a warning Signal as a function of the current level of 
flight energy and the airport information. 

47. The computer program product of claim 40, further 
comprising computer-readable program code means for 
determining a descent rate as a function of Subsequent 
altitudes above ground determined by the Second computer 
readable program code means over a period of elapsed time. 


