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(57) ABSTRACT 

The present invention provides apparatus, methods, and 
computer program products that monitor the altitude of an 
aircraft with respect to a selected runway. If the altitude of 
the aircraft is below a minimum glideslope with respect to 
the Selected runway, the apparatus, methods, and computer 
program products of the present invention alert the flight 
crew, Such that the altitude of the aircraft can be increased. 
This, in turn, increases time for reaction to abrupt changes 
in elevation near the Selected runway. Specifically, the 
apparatus, methods, and computer program products of the 
present invention define a runway field clearance floor 
envelope about the Selected runway that represents different 
preSelected altitudes above the Selected runway at respective 
distances from the Selected runway. The apparatus, method, 
and computer program products of the present invention 
compare the altitude of the aircraft with respect to the 
Selected runway to the runway field clearance floor enve 
lope. If the altitude of the aircraft is less than the minimum 
altitude indicated for the aircraft at the given distance, the 
apparatus, method, and computer program products of the 
present invention provide an indication to the flight crew. 
Since the runway field clearance floor envelope is con 
Structed relative to the runway by defining minimum altitude 
values that should be maintained relative to the elevation of 
the runway, the indications generated to the flight crew 
should provide a desired reaction time for the flight crew to 
adjust the aircraft to abrupt changes in elevation at or near 
a Selected runway. 
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APPARATUS, METHOD, COMPUTER PROGRAM 
PRODUCTS FOR GENERATING A RUNWAY 

FIELD CLEARANCE FLOOR ENVELOPE ABOUT 
A SELECTED RUNWAY 

RELATED APPLICATIONS 

0001. The present application claims priority from U.S. 
Provisional Application Serial No. 60/118,215 entitled 
OBSTACLE CLEARANCE FLOOR ALERTING ALGO 
RITHM, filed Feb. 1, 1999, the contents of which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to ground 
proximity warning Systems for use in aircraft. More particu 
larly, the apparatus, methods, and computer program prod 
ucts of the present invention relate to generating a runway 
field clearance floor envelope about a Selected runway for 
use by a ground proximity warning System to provide 
appropriate ground proximity warning alerts. 

BACKGROUND OF THE INVENTION 

0003. An important advancement in aircraft flight safety 
has been the development of ground proximity warning 
Systems. These warning Systems analyze the flight param 
eters of the aircraft and the terrain Surrounding the aircraft. 
Based on this analysis, these warning Systems provide alerts 
to the flight crew concerning possible inadvertent collisions 
with terrain or other obstacles. Further, these ground proX 
imity warning Systems ensure that the aircraft maintains a 
minimum altitude with regard to terrain underlying the 
aircraft. 

0004 For example, one ground proximity warning sys 
tem has been developed that generates terrain caution and 
warning envelopes that extend forward of the aircraft based 
on the position and flight parameters of the aircraft. Terrain 
and obstacles that pierce the terrain caution and warning 
envelopes are displayed to the flight crew as potential 
ground proximity problems by appropriate alarms or warn 
ings. Further, and importantly, the ground proximity warn 
ing System also generates terrain clearance floor envelopes 
that provide minimum altitudes that the aircraft should 
maintain above terrain underlying the aircraft. If the altitude 
of the aircraft with respect to the underlying terrain is leSS 
than the minimum altitude required by the terrain clearance 
floor envelope, the ground proximity warning System will 
provide appropriate alerts. 
0005 FIG. 1 illustrates a typical terrain clearance floor 
envelope 10 generated by at least one ground proximity 
warning System. The terrain clearance floor envelope is 
typically generated with reference to a Selected runway 12. 
For different distances from the selected runway, the terrain 
clearance floor envelope prescribes different minimum alti 
tudes that the aircraft should maintain above terrain cur 
rently underlying the aircraft. Beyond Some maximum dis 
tance 14 from the Selected runway, the aircraft must 
maintain at least Some minimum altitude 16 above under 
lying terrain. 
0006 For example, if an aircraft is approximately 5 nm 
from a Selected runway, the terrain clearance floor may 
prescribe that the aircraft should maintain at least an altitude 

Jul. 11, 2002 

of 400 ft above terrain underlying the aircraft. As such, if the 
aircraft is flying over terrain that has an elevation of 5,000 
ft, the aircraft should maintain an altitude of at least 5,400 
ft. In this example, if the aircraft dips below 5,400 ft altitude, 
the ground proximity warning System will provide appro 
priate alerts. 
0007) Importantly, with reference to FIG. 1, for distances 
closer to the Selected runway, the terrain clearance floor 
envelope requires Smaller minimum clearance altitudes that 
the aircraft should maintain above current terrain. This 
portion of the terrain clearance floor envelope reflects a 
landing pattern of the aircraft. The altitudes at various 
distances from the Selected runway are Selected to provide 
ground proximity warning protection, while also reducing 
generation of nuisance alarms that may disrupt the flight 
crew during landing. For example, when the aircraft is 2 nM 
from the Selected runway, the flight crew will not receive an 
alert unless the aircraft dips to an altitude that is less than 
200 ft above the underlying terrain. 
0008 For most instances, the terrain clearance floor 
envelopes generated by the ground proximity warning Sys 
tem, Such as the terrain clearance floor envelope illustrated 
in FIG. 1, are generally advantageous as they provide 
ground proximity warning protection, while at the same time 
reducing nuisance alarms. However, there may be specific 
instances where additional ground proximity warning pro 
tection may be desired. 
0009 Specifically, as described above, the terrain clear 
ance floor envelope requires minimum altitudes that the 
aircraft should maintain above current terrain depending 
upon the distance between the aircraft and Selected runway. 
While the terrain clearance floor envelope is typically more 
than adequate for ground proximity warning protection, 
problems may occur where terrain near the Selected runway, 
(e.g., within 2 to 15 nm of the Selected runway), is at a 
Significant lower elevation than the elevation of the Selected 
runway or terrain or obstacles in close proximity to the 
Selected runway. In this instance, the current terrain clear 
ance floor envelopes generated by the ground proximity 
warning System may not provide desired warning time for 
reacting to these changes in elevation. 
0010 Specifically, FIG. 2 illustrates a situation where 
providing added reaction time to the flight crew of the 
aircraft may be desired. FIG. 2 illustrates a situation where 
the elevation of the selected runway 12 or terrain or 
obstacles proximate to the Selected runway are at a signifi 
cantly higher elevation, (e.g., elevation 800 ft), than terrain 
18 less proximate to the selected runway, (e.g., elevation 300 
ft). In this situation, it may be desired to provide an 
increased reaction time to the flight crew of the abrupt 
change in elevation that occurs near the Selected runway. 
0011. In particular, with reference to FIG. 2, if an aircraft 
8 is more than 15 nm from the Selected runway, (see position 
20), the aircraft will maintain an altitude above the terrain 
underlying the aircraft of at least 700 ft to avoid ground 
proximity alarms. The 700 ft altitude buffer between the 
aircraft and underlying terrain typically provides desired 
reaction time for reacting to changes in the elevation of the 
terrain. However, as the aircraft approaches the Selected 
runway, the minimum altitude that the aircraft must maintain 
above underlying terrain decreases. AS Such, when the 
aircraft is in close proximity to the Selected runway, the 
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flight crew will not receive an alert until the aircraft is much 
closer to the underlying terrain. This reduction of the 
required altitude above underlying terrain, in turn, reduces 
the reaction time for the flight crew to react to abrupt 
changes in elevation. 

0012 For example, at 5 nm, (i.e., 4+K), from the selected 
runway, (see point 22), the aircraft need only maintain an 
altitude of 400 ft above underlying terrain to avoid genera 
tion of alarms. Further, at positions, (see point 24), closer to 
the Selected runway, the terrain clearance floor envelope 
decreases to even lower altitude requirements for the aircraft 
to maintain above underlying terrain. These reduced altitude 
requirements further reduce the reaction time for the flight 
crew to react to abrupt changes in elevation near the Selected 
runway. 

0013 While reduction of the minimum altitude between 
the aircraft and underlying terrain as the aircraft approaches 
the Selected runway is typically not problematic for most 
landing procedures, it may be problematic in the above 
example shown in FIG. 2. Specifically, due to the terrain 
clearance floor envelope, as long as the aircraft remains at an 
altitude above underlying terrain that is greater than the 
altitude defined by the terrain clearance floor envelope, the 
aircraft can continue to descend as it approaches the Selected 
runway without generating alarms concerning the altitude of 
the aircraft. AS Such, if there is an abrupt upward change in 
the elevation of terrain in close proximity to the Selected 
runway, (see point 25), the flight crew may not receive an 
alert from the terrain clearance floor envelope until the 
aircraft is within the range of 10 to 100 ft above the terrain, 
depending on distance to the Selected runway. In this 
instance, the alert provided by the ground proximity warning 
System may not provide the flight crew with a desired time 
to react to the change in elevation. Specifically, the flight 
crew may have to maneuver the aircraft in an abrupt fashion 
to avoid the terrain, which may be unsettling to the flight 
crew and possibly the passengers on the aircraft. 

0.014. One solution to the above problem may be to 
increase the minimum altitudes defined by the terrain clear 
ance floor envelope for distances closer to the Selected 
runway. However, this is Somewhat problematic as it may 
increase the generation of nuisance alarms in those instances 
in which there is not a Significant change in elevation near 
the Selected runway. 

0.015. In addition to not providing a desired reaction time 
in instances in which the elevation of the terrain changes 
abruptly either at or near the Selected runway, the terrain 
clearance floor envelope also does not necessarily provide 
alerts to the flight crew if the aircraft is below a predeter 
mined minimum glideslope with respect to the Selected 
runway. Specifically, with reference to FIG. 2, because the 
terrain clearance floor envelope is constructed based on the 
altitude of the aircraft with respect to underlying terrain and 
not based on the elevation of the Selected runway, an aircraft 
that is above the terrain clearance floor envelope will not 
generate an alert even though the aircraft may be below the 
minimum glideslope that is recommended for the Selected 
runway. As such, the flight crew will not be notified until 
Shortly before reaching the runway that the aircraft is 
approaching the Selected runway at an undesirably shallow 
angle, thereby leaving little time for the flight crew to adjust 
the landing pattern. 
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0016 For each of these reasons, it would therefore be 
desirable to provide a ground proximity warning System that 
provides increased reaction time for abrupt changes in 
elevation near a Selected runway and that provides timely 
alerts if the aircraft sinks below the minimum glideslope that 
is recommended for the Selected runway, while also not 
unnecessarily increasing the number of nuisance alarms. 

SUMMARY OF THE INVENTION 

0017. The apparatus, method and computer program 
product of the present invention therefore defines a runway 
field clearance floor envelope about a Selected runway that 
represents different preselected altitudes above the Selected 
runway at respective distances from the Selected runway. By 
comparing the position of the aircraft to the runway field 
clearance floor envelope, an indication, Such as an alarm, 
can be provided in instances in which the aircraft is posi 
tioned below the runway field clearance floor envelope. 
Since the runway field clearance floor envelope that is 
constructed by the apparatus, method and computer program 
product of the present invention is constructed relative to the 
runway by defining minimum altitude values that should be 
maintained relative to the elevation of the runway and not 
relative to the elevation of the terrain currently underlying 
the aircraft, the indications provided by the apparatus, 
method and computer program product of the present inven 
tion should provide the flight crew with ample reaction time 
in order to accommodate rather abrupt changes in elevation 
at or near a Selected runway while not unnecessarily increas 
ing the number of nuisance alarms. In addition, since the 
runway field clearance floor envelope oftentimes represents 
the minimum glideslope recommended for the Selected 
runway, the apparatus, method and computer program prod 
uct also provides the flight crew with a timely indication if 
the aircraft sinks below the minimum recommended glides 
lope. 

0018. In one embodiment, the apparatus, method, and 
computer program product compare a distance between the 
aircraft and the Selected runway to the runway clearance 
floor envelope and determine a preselected altitude of the 
aircraft above the Selected runway based upon the runway 
field clearance floor envelope. By comparing the preselected 
altitude to the actual altitude of the aircraft above the 
Selected runway, an indication can be provided if the actual 
altitude of the aircraft above the Selected runway is no more 
than the preselected altitude. 
0019. The runway field clearance floor envelope is pref 
erably defined to have at least two boundaries. Moreover, at 
least one of the boundaries is preferably based on at least one 
of a runway position quality factor, an altitude data quality 
factor, and an aircraft position quality factor. AS Such, the 
apparatus, method and computer program product of the 
present invention determine the boundaries of the runway 
field clearance floor envelope based upon the uncertainties 
or, conversely, the quality with which the respective posi 
tions of the runway and the aircraft can be defined. For 
example, the inner boundary of the runway field clearance 
floor envelope can be defined proximate the Selected runway 
by Summing the runway position quality factor, altitude data 
quality factor, and aircraft position quality factor. In addi 
tion, an outer boundary of the runway field clearance floor 
envelope can be defined by Summing the runway position 
quality factor, the altitude data quality factor, the aircraft 
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position quality factor, and a predetermined outer distance 
representing a predetermined distance from the Selected 
runway. AS Such, the outer boundary of the runway field 
clearance floor envelope will be displaced by the predeter 
mined outer distance from the inner boundary. Moreover, the 
runway field clearance floor envelope can be further defined 
to have a preselected inner boundary altitude at the inner 
boundary and a preselected outer boundary altitude at the 
outer boundary, Such that the resulting runway field clear 
ance floor envelope has a corresponding slope therebetween. 
0020. In one embodiment, the position and elevation data 
for the Selected runway are Stored in a memory device. AS 
such, the altitude of the aircraft above the selected runway 
can be determined by accessing the elevation data for the 
Selected runway and Subtracting the elevation of the Selected 
runway from the actual altitude of the aircraft. In this regard, 
the altitude of the aircraft can be a calculated geometric 
altitude representing the altitude of the aircraft above Sea 
level. 

0021. In addition to constructing the runway field clear 
ance floor envelope, the apparatus, method and computer 
program product of one embodiment of the present inven 
tion can also define a terrain clearance floor envelope about 
the Selected runway representing different preselected mini 
mum altitudes of the aircraft above the currently underlying 
terrain at different distances between the aircraft and the 
selected runway. In this embodiment, the altitude of the 
aircraft above the underlying terrain at its current position 
can be compared to the corresponding minimum altitude 
defined by the terrain clearance floor envelope. If the aircraft 
falls or dips below the terrain clearance floor envelope, as 
indicated by the altitude of the aircraft above the terrain 
being no more than the minimum altitude defined by the 
terrain clearance floor envelope, an additional indication or 
alarm can be provided. Preferably, a ground proximity alert 
is generated if the aircraft falls below either the runway field 
clearance floor envelope or the terrain clearance floor enve 
lope for more than the predetermined time. In this regard, if 
the aircraft falls below the runway field clearance floor 
envelope for more than the predetermined time, the altitude 
value that would otherwise indicate the altitude of the 
aircraft above the Selected runway can be increased by a 
predetermined amount. AS Such, the aircraft must decrease 
in altitude by the predetermined amount before the next 
ground proximity alert will be generated. Likewise, if the 
aircraft falls below the terrain clearance floor envelope for 
more than the predetermined time, the altitude of the aircraft 
can be increased by a Selected amount. AS Such, the aircraft 
must decrease in altitude by the Selected amount before the 
next ground proximity alert will be generated. 
0022. The apparatus, method and computer program 
product of the present invention therefore provides a mecha 
nism for detecting rather abrupt changes in elevation near a 
Selected runway Sufficiently far in advance that the flight 
crew is provided with ample time to make any necessary 
changes in the flight path. AS described, the apparatus, 
method and computer program product of the present inven 
tion typically do not replace the terrain clearance floor 
envelope that has been traditionally generated about a 
Selected runway. Instead, the apparatus, method and com 
puter program product of the present invention generate an 
additional runway field clearance floor envelope. AS Such, 
the apparatus, method and computer program product of the 
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present invention also significantly increase protection, 
especially in those instances in which the terrain abruptly 
changes at or near an Selected runway, by providing an alert 
either if the aircraft does not remain at an altitude Sufficiently 
above the elevation of the runway or if the aircraft does not 
remain at a Sufficient elevation above the currently under 
lying terrain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a radial, cross-sectional view of a terrain 
clearance floor envelope. 
0024 FIG. 2 is a side view illustrating graphically use of 
a terrain clearance floor envelope by an aircraft to maintain 
at least a minimum altitude with respect to terrain underly 
ing the aircraft. 
0025 FIG. 3 is a side view illustrating graphically use of 
a runway field clearance floor envelope to provide alerts to 
an aircraft concerning the altitude of the aircraft with respect 
to a Selected runway according to on embodiment of the 
present invention. 
0026 FIG. 4 is a block diagram of an apparatus for 
defining a runway field clearance floor envelope about a 
Selected runway and for comparing the position of an 
aircraft with respect thereto according to one embodiment of 
the present invention. 
0027 FIG. 5 is a block diagram of the operations per 
formed to define a runway field clearance floor envelope 
about a selected runway and compare the position of an 
aircraft with respect thereto according to one embodiment of 
the present invention. 
0028 FIG. 6 is also a block diagram of the operations 
performed to define a runway field clearance floor envelope 
about a Selected runway and compare the position of an 
aircraft with respect thereto according to one embodiment of 
the present invention. 
0029 FIG. 7 is a perspective view illustrating graphi 
cally the determination of an inner boundary of a runway 
field clearance floor envelope according to one embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0030 The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments Set forth herein; rather, these embodiments are 
provided So that this disclosure will be thorough and com 
plete, and will fully convey the Scope of the invention to 
those skilled in the art. Like numbers refer to like elements 
throughout. 

0031 AS discussed above, the terrain clearance floor 
envelope generated by at least one conventional ground 
proximity warning System typically provides a desired reac 
tion time for the flight crew of an aircraft to react to ground 
proximity alerts. However, in instances where there are 
abrupt changes in the elevation of either the Selected runway 
or terrain or obstacles in close proximity to the Selected 
runway, the terrain clearance floor envelope may not provide 
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a desired reaction time to the flight crew of an aircraft. In 
addition, the terrain clearance floor envelope also does not 
necessarily provide alerts to the flight crew if the aircraft is 
below a predetermined minimum glideslope with respect to 
the Selected runway. 
0.032 The terrain clearance floor envelope defined by 
conventional ground proximity warning Systems is an enve 
lope that defines minimum altitudes that an aircraft should 
maintain above terrain underlying the aircraft. The terrain 
clearance floor envelope, however, does not define mini 
mum altitudes that the aircraft should maintain above the 
Selected runway. AS Such, in instances in which there are 
abrupt differences in elevation between the Selected runway 
and terrain proximate to the Selected runway, the terrain 
clearance floor envelope may not provide any indication that 
the aircraft has sank below the minimum glideslope recom 
mended for the Selected runway and may not provide a 
desired reaction time to the flight crew of the aircraft 
concerning the abrupt change in elevation. 
0033. In light of this, the present invention provides 
Several apparatus, methods, and computer program products 
for determining whether an aircraft is located at a desired 
position with respect to a Selected runway. Importantly, the 
apparatus, methods, and computer program products of the 
present invention define a runway field clearance floor 
envelope about the Selected runway representing different 
preSelected altitudes above the Selected runway at respective 
distances from the Selected runway. The position of the 
aircraft is then compared to the runway field clearance floor 
envelope. If the aircraft is positioned below the runway field 
clearance floor envelope, the apparatus, methods, and com 
puter products of the present invention provide an indication 
to the flight crew of the aircraft. 
0034) Importantly, unlike the terrain clearance floor enve 
lope, the runway field clearance floor envelope of the present 
invention is defined based on minimum altitudes that an 
aircraft should maintain at Selected distances from the 
Selected runway, as opposed to altitudes of the aircraft above 
underlying terrain. AS Such, in instances in which the aircraft 
is at an altitude above underlying terrain that exceeds the 
minimum altitude required by the terrain clearance floor 
envelope, but is at an altitude with respect to the Selected 
runway that is below the runway field clearance floor 
envelope, the apparatus, methods, and computer program 
products will provide appropriate alerts to the flight crew of 
the aircraft. This, in turn, allows the ground proximity 
warning System to provide alarms concerning proximity of 
the aircraft to underlying terrain, while also providing 
proper alarms when the aircraft is not at a desired altitude 
with respect to the Selected runway. 
0035. For illustrative purposes, the various apparatus, 
methods, and computer program products of the present 
invention are illustrated and described below in conjunction 
with the ground proximity warning system of U.S. Pat. No. 
5,839,080 to Muller, entitled “Terrain Awareness System.” 
The contents of U.S. Pat. No. 5,839,080 are incorporated 
herein by reference. It should be apparent, however, that the 
apparatus, methods and computer program products of the 
present invention can be utilized either independently or in 
conjunction with other Systems, if So desired. 
0.036 FIG. 4 depicts many of the components of the 
ground proximity warning system of U.S. Pat. No. 5,839, 
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080 in simplified block form for illustrative purposes, how 
ever, it is understood that the functions of these blocks are 
consistent with and contain many of the same components as 
the ground proximity warning System described in U.S. Pat. 
No. 5,839,080. The ground proximity warning system 26 
includes a look-ahead warning generator 28 that analyzes 
terrain and aircraft data and generates terrain clearance floor 
profiles Surrounding the aircraft. Based on these terrain 
profiles and the position, track, and ground Speed of the 
aircraft, the look-ahead warning generator generates aural 
and/or visual warning alarms related to the proximity of the 
aircraft to the Surrounding terrain. Some of the Sensors that 
provide the look-ahead warning generator with data input 
concerning the aircraft are depicted. Specifically, the look 
ahead warning generator receives positional data from a 
position Sensor 30. The position Sensor may be a portion of 
a global positioning System (GPS), inertial navigation Sys 
tem (INS), or flight management system (FMS). The look 
ahead warning generator also receives altitude and airspeed 
data from an altitude Sensor 32 and airspeed Sensor 34, 
respectively, and aircraft track and heading information 
from track 36 and heading 38 sensors, respectively. 

0037. In addition to receiving data concerning the air 
craft, the look-ahead warning System also receives data 
concerning the terrain Surrounding the aircraft. Specifically, 
the look-ahead warning generator is also connected to a 
memory device 40 that contains a searchable data base of 
data relating, among other things, to the position and eleva 
tion of various terrain features and also elevation, position, 
and quality information concerning runways. 

0038. In normal operation, the look-ahead warning gen 
erator receives data concerning the aircraft from the various 
Sensors. Additionally, the look-ahead warning generator 
accesses terrain and airport information from the memory 
device concerning the terrain Surrounding the aircraft and a 
Selected runway-typically the runway that is closest in 
proximity to the aircraft's current position or, alternatively, 
Some other predetermined or predicted runway. Based on the 
current position, distance to the Selected runway, altitude, 
Speed, track, etc. of the aircraft, the look-ahead warning 
generator generates terrain advisory and warning envelopes 
and generates alerts via either an aural warning generator 42 
and/or a display 44 as to terrain or other obstacles that 
penetrate the terrain advisory and warning envelopes. In 
addition, the look-ahead warning generator generates a 
terrain clearance floor envelope and produces alerts if the 
aircraft dips below the terrain clearance floor envelope. 

0039. With reference to FIG. 3, the advantages of the 
apparatus, methods, and computer program products accord 
ing to one embodiment of the present invention are illus 
trated. Specifically, FIG. 3 illustrates the situation depicted 
previously in FIG. 2, in which the elevation of the selected 
runway 12 or terrain or obstacles proximate to the Selected 
runway are at a significantly higher elevation, (e.g., eleva 
tion 800 ft), than terrain 18 in the vicinity of, but less 
proximate to, the Selected runway, (e.g., elevation 300 ft). 
0040 AS discussed previously, the conventional ground 
proximity warning System generates a terrain clearance floor 
envelope 10 about the selected runway 12. The terrain 
clearance floor envelope represents minimum distances that 
the aircraft should maintain above underlying terrain when 
approaching the Selected runway. However, because the 
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terrain clearance floor envelope is related to the altitude 
between the aircraft and underlying terrain and not to 
altitudes between the aircraft and the Selected runway, the 
terrain clearance floor envelope may not provide desired 
reaction time to the flight crew of an aircraft as to abrupt 
changes in elevation in either the Selected runway or in 
terrain or obstacles in close proximity to the Selected run 
way. In addition, the terrain clearance floor envelope also 
does not necessarily provide alerts to the flight crew if the 
aircraft is below a predetermined minimum glideslope with 
respect to the Selected runway. 
0041. For this reason, the apparatus, methods, and com 
puter program products of the present invention define a 
runway field clearance floor envelope 48. The runway field 
clearance floor envelope is an envelope representing a 
minimum or nominal glideslope angle 0 with respect the 
Selected runway 12. The runway field clearance envelope 
represents different preselected altitudes above the Selected 
runway at respective distances from the Selected runway. 
The preselected altitudes and respective distances of the 
runway field clearance floor envelope are typically chosen to 
reflect a minimum landing envelope with respect to the 
aircraft. 

0042. If an aircraft does not maintain at least the mini 
mum landing envelope with respect to the Selected runway, 
the apparatus, method, and computer program products of 
the present invention provide appropriate alerts to the flight 
crew of the aircraft. AS Such, the construction of the runway 
field clearance floor envelope by the apparatus, methods, 
and computer program products of the present invention 
takes into account abrupt changes in the elevation of the 
Selected runway or terrain or obstacles proximate to the 
selected runway such that the flight crew are provided with 
an alert sufficiently far in advance of the runway that the 
flight path can be adjusted to accommodate these abrupt 
terrain changes. 
0043. For example, FIG. 3 illustrates an aircraft 50 that 

is approaching the Selected runway 12. The aircraft is 
approximately 3 nm from the Selected runway and is at an 
altitude of 750 ft. The terrain below the aircraft is approxi 
mately 300 ft. With reference to FIG. 1, at 3 nm away from 
the Selected runway, the aircraft must maintain an altitude 
above underlying terrain of at least 300 ft to avoid alarms 
generated by the terrain clearance floor envelope. In this 
embodiment, the aircraft is above the terrain clearance floor 
envelope 10, and as Such, the ground proximity warning 
System does not generate an alarm. 

0044) However, the altitude, (i.e., 750 ft), of the aircraft 
is below the altitude, (i.e., 800 ft), of the selected runway. As 
Such, the aircraft is not above the minimal glideslope defined 
by the runway field clearance floor envelope 48 as defined 
by the present invention. In this instance, the apparatus, 
methods, and computer program products of the present will 
provide an indication to the flight crew of the aircraft, Such 
that the aircraft may be positioned in the area 52 above the 
nominal landing envelope defined by the runway field 
clearance envelope. 
004.5 These and other advantages are provided by an 
apparatus for determining whether an aircraft is located at a 
desired position with respect to a selected runway. With 
regard to the present invention, FIG. 4 illustrates one 
embodiment of an apparatus of the present invention. The 
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apparatus of this embodiment includes a processor 46 asso 
ciated with the look-ahead warning generator previously 
described. The processor may either be part of the processor 
of the look-ahead warning generator or it may be a separate 
processor located either internal or external to the look 
ahead warning generator. It must be understood that the 
processor may consist of any number of devices. The 
processor may be a data processing device, Such as a 
microprocessor or microcontroller or a central processing 
unit. The processor could be another logic device Such as a 
DMA (Direct Memory Access) processor, an integrated 
communication processor device, a custom VLSI (Very 
Large Scale Integration) device, an ASIC (Application Spe 
cific Integrated Circuit) device or any other analog or digital 
circuitry designed to process the various signals as described 
above. 

0046. As detailed in the figures and description provided 
below, the apparatus, methods, and computer program prod 
ucts of the present invention define a runway field clearance 
floor envelope about a selected runway. The runway field 
clearance floor envelope typically defines a Selected mini 
mum landing envelope or minimum glideslope with respect 
to the Selected runway. This Selected minimum landing 
envelope may be either a Specific envelope used for all 
Selected runways or it may be defined based on the Specifics 
of each individual selected runway. Further, the runway field 
clearance floor envelope may be defined with respect to the 
Selected runway based on positional error factors related to 
the indicated position and altitude of the aircraft and the 
indicated position of the Selected runway. 

0047. In addition to defining a runway field clearance 
floor envelope about a Selected runway, the apparatus, 
methods, and computer program products also evaluate the 
position of the aircraft with respect to the runway field 
clearance floor envelope. If the aircraft is below the enve 
lope, the apparatus, methods, and computer program prod 
ucts of the present invention provide an indication to the 
flight crew. In Some embodiments, after a first indication has 
been provided to the flight crew, the apparatus, methods, and 
computer program products of the present invention may 
alter the indicated altitude of the aircraft or the minimum 
altitude provided by the runway field clearance floor enve 
lope by a Selected amount. AS Such, the aircraft must 
descend by the Selected amount before the apparatus, meth 
ods, and computer program products of the present inven 
tion will generate the next indication to the flight crew, 
thereby insuring that the alarms are only provided as the 
Situation becomes more Severe. 

0048. Further, in some embodiments, the apparatus, 
methods, and computer program products of the present 
invention define both a runway field clearance floor enve 
lope and a terrain clearance floor envelope about a Selected 
runway. If the aircraft falls below either of the envelopes, the 
apparatus, methods, and computer program products of the 
present invention provide an indication to the flight crew of 
the aircraft. While the indications provided for falling below 
either of the envelopes can be identical, the apparatus, 
methods, and computer program products of the present 
invention generally provide a different indication for falling 
below the runway field clearance floor envelope than for 
falling below the terrain clearance floor envelope to assist 
the flight crew in appropriately altering the flight path. 
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0049. With reference to FIGS. 4, 5, and 6, the generation 
of the runway field clearance floor envelope and use of the 
runway field clearance floor envelope to determine whether 
an aircraft is correctly positioned with respect to a Selected 
runway is illustrated according to one embodiment. Specifi 
cally, FIG. 5 is an operational flow diagram, while FIG. 6 
depicts the operations of the present invention in block 
diagram form. 
0050. In operation, to define the runway field clearance 
floor envelope, the processor initially receives information 
54 concerning the Selected minimal landing envelope. (See 
step 100). This information is typically in the form of a 
Selected minimum glideslope angle. Specifically, aircraft 
typically land on a runway within a certain range of glides 
lope angles with respect to the runway. A typical range of 
glideslopes is 3 to 7. Although an aircraft may land on a 
runway with a glideslope angle either above or below this 
range, Such glideslope angles for landing are not prevalent 
and in Some cases may be ill-advised. AS Such, if an aircraft 
that is approaching a runway does not have a glideslope 
angle with respect to the Selected runway that is within the 
range of 3 to 7, the aircraft is most likely not positioned 
properly to land on the Selected runway. 
0051. In light of this, the apparatus, methods, and com 
puter program products of the present invention, in one 
embodiment, may select a minimal glideslope to define the 
runway field terrain clearance envelope. For example, in one 
embodiment of the present invention, the apparatus, meth 
ods, and computer program products define a runway field 
clearance floor envelope that has glideslope angle with 
respect to the selected runway of 2. In this embodiment, if 
the aircraft has a glideslope angle with respect to the Selected 
runway that is less than 2, it is determined that the aircraft 
is most likely at too shallow of an approach with respect to 
the Selected runway. 
0.052 In other embodiments of the present invention, the 
runway field clearance envelope may be defined by different 
glideslope angles. Further, in Some embodiments, the appa 
ratus, methods, and computer program products of the 
present invention may define the runway clearance field 
envelope to have a plurality of Slope Segments, representing 
different desired glideslope angles for the envelope at dif 
ferent distances from the Selected runway. 
0053. Further, it must be understood that the particular 
glideslope angle or angles used to define the runway field 
clearance floor envelope may be Selected values that are 
used for all Selected runways or these values may be specific 
to each Selected runway. For instance, in one embodiment of 
the present invention, the particular minimal landing enve 
lope desired for a particular runway may be Stored in a data 
base in the memory device 40 along with the coordinates of 
the selected runway. In this embodiment of the present 
invention, the processor 46 accesses the minimal landing 
envelope information related to the Selected runway from 
the data table of the memory device 40. (See step 100). 
0054. After the processor has received information for 
the minimum landing envelope, the processor next defines 
the inner boundary of the runway field clearance floor 
envelope. (See step 110). Specifically, the processor first 
determines the location of the inner boundary of the runway 
field clearance floor envelope. (See block 58). As discussed 
in detail in U.S. patent application Ser. No. 22/???, ??? to 
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Ishihara, Gremmert, and Johnson, entitled: "Apparatus, 
Methods, and Computer Program Products for Generating 
Terrain Clearance Floor Envelopes About A Runway,” in 
Some embodiments, it is advantageous to account for errors 
that may be associated with the indicated position of the 
Selected runway and the indicated altitude and position of 
the aircraft in defining clearance floor envelopes about a 
selected runway. U.S. patent application Ser. No. ??/???, ??? 
to Ishihara et al. is assigned to the assignee of the present 
application and is incorporated by reference herein. 

0055 Specifically, with reference to FIG. 7, the deter 
mination of the location of the inner boundary of the runway 
field clearance floor envelope is illustrated. FIG. 7 is a 
perspective view of the Selected runway 12 with a runway 
field clearance floor envelope 60 according to one embodi 
ment of the present invention generated about the Selected 
runway. Importantly, the runway field clearance floor enve 
lope includes an inner boundary 62 proximate to the Selected 
runway. As illustrated by FIG. 7, there is a distance K 
between the selected runway and the inner boundary of the 
runway field clearance floor envelope. This distance K 
represents a calculated position uncertainty between the 
inner boundary and selected runway. With reference to FIG. 
7, in one embodiment of the present invention, the calcu 
lated position uncertainty may be defined by either one or 
more of the following uncertainties: 1) an aircraft position 
uncertainty factor 64, 2) a runway position uncertainty factor 
66, and 3) an altitude position uncertainty factor 68. Using 
one or all of these factors, the apparatus, methods, and 
computer program products of the present invention can 
more precisely define the location of inner boundary of the 
runway field clearance floor envelope. Specifically, in one 
embodiment of the present invention, the calculated position 
uncertainty K is defined by the following equation: 

K=Aircraft. Pos. Uncert.--Rwy. Pos. Uncert.+Alt. Po 
S.Uncert. 

0056. However, it must be understood that in some 
embodiments, the position uncertainty K may be calculated 
based on only one or differing combinations of these uncer 
tainty factors. AS described above, the calculated position 
uncertainty K defines the inner boundary of the runway field 
clearance floor envelope in at least one embodiment. (See 
step 110). 

0057. After the processor has determined the calculated 
position uncertainty K, in Some embodiments, the processor 
may limit the value of the calculated position uncertainty K 
with a first limiter 70. For example, in one embodiment, the 
processor limits the value of the calculated position uncer 
tainty K to: 0.5 nm.<K<1.0 nm. In other embodiments, the 
processor may only limit the calculated position uncertainty 
K by a minimum value of 0.5 nm, while allowing K to have 
any maximum value. 

0058 After determining the location of the inner bound 
ary, the processor of the present invention next defines the 
runway field clearance floor envelope, (See block. (See Step 
120). AS discussed previously, the runway field clearance 
floor envelope is typically defined by a Surface extending 
radially outward from the inner boundary at the minimal 
landing glideslope angle 0 with respect to the Selected 
runway. For example, in one embodiment, the runway field 
clearance floor envelope is defined by the equation: 
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y=Minimum Glideslope(Distance to Runway-Pos. 
Uncert. K) 

0059. In this equation, the minimum glideslope angle 
defines the slope of the line and is provided in terms of rise 
in altitude versus distance to the Selected runway. For 
example, as discussed previously, a typical minimum glides 
lope angle is 2. A glideslope angle of 2 is approximately 
equal to 200 ft of altitude for every 1 nm of distance from 
the Selected runway. AS Such, in embodiments of the present 
invention in which the minimum glideslope is 2, the 
glideslope angle is expressed in the above equation as 200 
ft/nm. 

0060 Based on the above equation of the runway field 
clearance floor envelope, the processor can determine the 
minimum altitude required by the runway field clearance 
floor envelope at the current distance between the aircraft 
and the selected runway, (see block 72). (See step 130). 
Specifically, the processor receives the current distance 74 
between the Selected runway and the aircraft. Using this 
distance and the calculated position uncertainty, the proces 
Sor determines the minimum altitude 76 defined by the 
runway field clearance floor envelope. This minimum alti 
tude 76 represents the minimum altitude at the current 
distance of the aircraft from the selected runway that the 
aircraft must maintain above the Selected runway to be 
above the runway field clearance floor envelope. Altitudes 
with respect to the selected runway that are less than this 
minimum altitude are below the runway field clearance floor 
envelope. 

0061 As illustrated in the above equation, the processor 
uses the current distance between the Selected runway and 
aircraft to determine the minimum altitude that the aircraft 
should maintain with respect to the Selected runway. In Some 
embodiments of the present invention, the distance between 
the Selected runway and the aircraft is a coordinate distance 
defined by the coordinate positions of the Selected runway 
and aircraft. However, in Some embodiments, the distance 
used by the processor of the present invention is a corrected 
distance value. The corrected distance value is a calculated 
value that accounts for the altitude of the aircraft with 
respect to the Selected runway, as opposed to a coordinate 
distance. The determination of the corrected distance to 
runway value is described in detail in U.S. patent application 
Ser. No. 22/???, ??? to Conner and Johnson, entitled: “Meth 
ods, Apparatus And Computer Program Products For Deter 
mining A Corrected Distance Between An Aircraft And A 
Selected Runway.” This patent application is assigned to the 
assignee of the present application and is incorporated 
herein by reference. 

0.062. In some embodiments of the present invention, the 
processor may limit the runway field clearance floor enve 
lope with a second limiter 98. Specifically, in some embodi 
ments, it is advantageous to only monitor the altitude of the 
aircraft with respect to the elevation of the Selected runway 
when the aircraft is in close proximity to the Selected 
runway. For instance, if the aircraft is within a Specified 
range with respect to the Selected runway, Such as within 5 
nm, it is typically advantageous to provide the flight crew 
with alerts as to the altitude of the aircraft with respect to the 
Selected runway. However, for farther distances, Such as 12 
nm, the aircraft is far enough away from the Selected runway 
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that the alerts may be a nuisance. AS Such, according to one 
embodiment of the present invention, the processor limits 
the maximum value of the minimum altitude 76. 

0063 For example in one embodiment of the present 
invention, the processor limits the minimum altitude value 
76 to the altitude value on the runway field clearance floor 
envelope at a predetermined outer boundary, Such as 5 nm 
from the selected runway. For instance, if the runway field 
clearance floor envelope is defined by a glideslope angle of 
2, the processor will limit the minimum altitude 76 to a 
value in the range of 900 to 1000 ft, (i.e., (4 nm +K)x200 
ft/nm) at the outer boundary of (4 nm +K) from the runway. 
0064. After the processor of the present invention has 
determined the minimum altitude 76, the processor next 
determines whether the aircraft has an altitude with respect 
to the Selected runway that is at least as great as the 
minimum altitude 76. To determine whether the altitude of 
the aircraft above the Selected runway is greater than the 
minimum altitude 76, the processor compares the minimum 
altitude 76 required by the runway field clearance floor 
envelope to the current altitude of the aircraft with respect to 
the elevation of the Selected runway. Specifically, the pro 
cessor receives the altitude 78 of the aircraft and from this 
altitude subtracts the elevation 80 of the selected runway via 
a Summer 82 to provide the altitude 84 of the aircraft above 
the Selected runway. (See Step 140). The processor compares 
the altitude 84 of the aircraft above the selected runway to 
the minimum altitude 76 defined by the runway field clear 
ance floor envelope, via a comparator 86. (See step 150). If 
the altitude of the aircraft with respect to the elevation of the 
aircraft is less than the minimum altitude, the processor 
determines that the aircraft is below the runway field clear 
ance floor envelope. In this instance, the processor provides 
an indication by the indicator 88 to the flight crew. (See step 
160). For instance, the processor may generate an aural 
warning by the warning generator 42 and/or a visual warn 
ing by display 44. AS Such, the flight crew is made aware that 
the aircraft is below the minimum glideslope angle defined 
by the runway field clearance floor envelope and can take 
appropriate reaction to bring the aircraft to an altitude above 
the envelope. 

0065. As discussed above, the processor of the present 
invention subtracts the elevation 80 of the selected runway 
from the altitude of the aircraft 78. The elevation of the 
Selected runway is typically Stored in the database of the 
memory device 40 along with other information relating to 
the Selected runway, Such as coordinate position, runway 
position uncertainty, etc. In this instance, the processor of 
the present invention accesses the database of the memory 
device and retrieves the elevation of the Selected runway. 

0066 AS also discussed above, the processor receives the 
altitude of the aircraft 78. In this instance, the altitude refers 
to the indication of the altitude of the aircraft with reference 
to Sea level. In Some embodiments of the present invention, 
this altitude may be provided by a Barometric Pressure 
Sensor. However, due to errors typically associated with the 
Barometric PreSSure Sensor due to calibration and tempera 
ture drift, in one advantageous embodiment of the present 
invention, the altitude is a geometric altitude. Geometric 
altitude is a computed altitude based on GPS altitude, Radio 
Altitude, and terrain and runway elevation data. The geo 
metric altitude compensates for errors in the altitude indi 
cation that is provided by a Barometric Pressure sensor. 
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Information related to the calculation of the geometric 
altitude is provided in detail in U.S. Pat. No. 09/255,670 to 
Johnson and Muller, entitled: “Method and Apparatus for 
Determining Altitude,” filed Feb. 23, 1999. The content of 
this application is incorporated herein by reference. 

0067. In addition to providing alerts to the flight crew 
concerning the position of the aircraft with respect to the 
Selected runway, in Some embodiments of the present inven 
tion, the processor may also limit the number of alerts 
provided to the flight crew to thereby reduce the number of 
nuisance alarms. Specifically, as Stated previously, in one 
embodiment of the present invention, the processor may 
limit, via second limiter 98, the maximum distance from the 
selected runway for which the processor will provide alerts 
as to the aircraft's position with respect to the Selected 
runway. 

0068. In another embodiment, the processor may limit 
the number of nuisance alarms generated by requiring that 
the aircraft remain below the runway field clearance floor 
envelope for longer than a predetermined time prior to 
generation of an alert. For example, in one embodiment of 
the present invention, the processor will not generate an alert 
until the aircraft has remained below the runway field 
clearance floor envelope for 0.8 seconds. In other embodi 
ments, the processor may require a longer or shorter prede 
termined time period, depending on the embodiment and the 
aircraft. 

0069. In another embodiment, the processor of the 
present invention may limit the number of generated alerts 
by altering either the indicated altitude of the aircraft or the 
minimum value provided from the runway field clearance 
floor envelope. Specifically, in one embodiment of the 
present invention, after the processor has generated an alert, 
the processor may increase the indicated altitude of the 
aircraft by a Selected amount prior to comparing the altitude 
to the minimum altitude from the runway field clearance 
floor envelope. In this instance, the aircraft will have to 
descend in altitude with respect to the Selected runway by 
the increased amount, before the next alert will be generated. 
In another embodiment, the processor may decrease the 
minimum altitude indicated by the runway field clearance 
floor envelope by a Selected amount. Similar to the previous 
embodiment, the aircraft will have to descend in altitude 
with respect to the Selected runway by the Selected amount 
before the next alarm will be generated. 

0070 FIGS. 4, 5, and 6 further illustrate an embodiment 
in which the processor increases the indicated altitude of the 
aircraft to thereby reduce the number of alerts generated 
according to one embodiment of the present invention. 
Specifically, in this embodiment, the processor includes a 
counter 92 that counts the number of times during the same 
penetration of the aircraft below the runway field clearance 
floor envelope that an alert is generated by the processor to 
the flight crew of the aircraft. (See step 170). The counts 
indicated by the counter are provided to a scaler 94 that is 
configured to scale the indicated altitude 78 of the aircraft. 
Importantly, the processor Scales the indicated altitude of the 
aircraft dependent on the number of times that the processor 
has previously provided an alert. (See step 180). For 
instance, in one embodiment, the processor Scales, via the 
Scaler, the indicated altitude of the aircraft based on the 
following equation: 
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Altitudes=Altitude (1+(CounterxScale Factor)) 

0071 where 
0072 Counter =number of times that an alert has 
been previously generated 

0073 Scale Factor =preselected scale factor. 
0074 As an example, in one embodiment of the present 
invention, the processor may require that the aircraft 
descend in altitude a maximum of 20% of its current altitude 
before a next alert is generated. In this embodiment, the 
Scale factor value would be 0.2. Thus, if the current altitude 
of the aircraft is 500 ft and the processor has generated only 
one previous alert, then the processor would Scale the 
altitude of the aircraft as follows: 

Altitudesealed = Altitude(1 + (CounterXScale Factor)) or 

= 500 ft(1+ (1x2)) or 

= 600 ft. 

0075 Similar steps would be used to scale the minimum 
altitude of the runway field clearance floor envelope. Spe 
cifically, in this embodiment, the scaler 94 would be con 
nected to the output of the second limiter 98. The processor, 
via the scaler, would scale the minimum altitude value 76 
down by the preselected amount such that the aircraft would 
have to descend the preselected amount for the processor to 
generate the next alert. Specifically, the processor would 
scale the minimum altitude value 76 by the following 
equation: 

Altitudesale=Altitude (1-(CounterxScale Factor)) 

0.076 where 
0077 Counter number of times that an alert has been 
previously generated 

0078 Scale Factor=preselected scale factor. 
0079. As indicated in FIG. 5, the processor may reset the 
counter 96, (See step 190), when the aircraft increases its 
altitude with respect to the Selected runway to an altitude 
that exceeds the runway field clearance floor envelope. (See 
step 150). 
0080. In one advantageous embodiment, the processor of 
the present invention may generate both a runway field 
clearance floor envelope and a terrain clearance floor enve 
lope. Specifically, in this embodiment of the present inven 
tion, the processor generates the runway field clearance floor 
envelope as detailed above. Additionally, the processor of 
the present invention also generates a terrain clearance floor 
envelope Similar to the terrain clearance floor envelope 
illustrated in FIGS. 1 and 2. As discussed previously, the 
terrain clearance floor envelope is a clearance envelope that 
represents minimum altitudes that an aircraft should main 
tain above underlying terrain for different distances between 
the aircraft and Selected runway. Generation of the terrain 
clearance floor envelope is provided in detail in U.S. Pat. 
No. 22/???, ??? to Ishihara, Gremmert, and Johnson, entitled: 
“ Apparatus, Methods, and Computer Program Products for 
Generating Terrain Clearance Floor Envelopes About A 
Runway.' This application is assigned to the assignee of the 



US 2002/0O89433 A1 

present application. The contents of this application are 
incorporated herein by reference. 
0081. In this embodiment of the present invention, the 
processor monitors both the altitude of the aircraft with 
respect to the Selected runway and the altitude of the aircraft 
with respect to terrain underlying the aircraft. If the aircraft 
falls below either the runway field clearance floor envelope 
or the terrain clearance floor envelope, the processor will 
provide an alert, typically different alerts, to the flight crew 
as described above. AS Such, the present invention provides 
apparatus, methods, and computer program products that 
determine whether an aircraft maintains an altitude with 
respect to the Selected runway that is greater than a mini 
mum landing envelope, while at the same time providing 
alerts if the aircraft falls below a minimum altitude above 
underlying terrain. 
0082 In addition to providing apparatus and methods, the 
present invention also provides computer program products 
for defining a runway field clearance floor envelope for use 
in a ground proximity warning System. The computer pro 
gram products have a computer readable Storage medium 
having computer readable program code means embodied in 
the medium. With reference to FIG. 4, the computer read 
able Storage medium may be part of the memory device 40, 
and the processor 46 of the present invention may imple 
ment the computer readable program code means to define 
a runway field clearance floor envelope as described in the 
various embodiments above. 

0083) The computer-readable program code means 
includes first computer instruction means for defining a 
runway field clearance floor envelope about the Selected 
runway representing different preselected altitudes above 
the Selected runway at respective distances from the Selected 
runway. Specifically, first computer instruction means 
defines a runway field clearance floor envelope representing 
a minimum landing envelope or glideslope angle that an 
aircraft may have respect to the Selected runway. The 
computer readable program code means also includes Sec 
ond computer instruction means for comparing the position 
of the aircraft to the runway field clearance floor envelope 
and third computer instruction means, responsive to the 
Second computer instruction means, for providing an indi 
cation if the aircraft is positioned below the runway field 
clearance floor envelope. 
0084. In one embodiment of the present invention, the 
Second computer instruction means compares a distance 
between the aircraft and selected runway to the runway field 
clearance floor envelope and determines a preselected alti 
tude of the aircraft above the selected runway based on the 
runway field clearance floor envelope. The Second computer 
instruction means next compares the preselected altitude to 
the altitude of the aircraft above the selected runway, and 
provides an indication if the altitude of the aircraft above the 
Selected runway is no more than the preselected altitude. 
0085. In another embodiment, the computer-readable 
program code means further includes fifth computer instruc 
tion means for defining a terrain clearance floor envelope 
about the Selected runway representing different preselected 
minimum altitudes of the aircraft above terrain located 
below a current position of the aircraft for different distances 
between the aircraft and the selected runway. In this embodi 
ment, the Second computer instruction means compares the 
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altitude of the aircraft above the terrain below the current 
position of the aircraft to the minimum altitude indicated by 
the terrain clearance floor envelope for the distance between 
the aircraft and Selected runway. Further, the third computer 
instruction means provides an indication that the aircraft is 
below the terrain clearance floor envelope if the altitude of 
the aircraft above the terrain is no more than the minimum 
altitude. 

0086. In one further embodiment, the computer-readable 
program code means further includes Sixth computer 
instruction means for generating a ground proximity warn 
ing alert if the aircraft is below at least one of the runway 
field clearance floor envelope and the terrain clearance floor 
envelope for more than the predetermined time. 
0087. In this regard, FIGS. 4, 5, and 6 are block diagram, 
flowchart and control flow illustrations of methods, systems 
and program products according to the invention. It will be 
understood that each block or Step of the block diagram, 
flowchart and control flow illustrations, and combinations of 
blocks in the block diagram, flowchart and control flow 
illustrations, can be implemented by computer program 
instructions. These computer program instructions may be 
loaded onto a computer or other programmable apparatus to 
produce a machine, Such that the instructions which execute 
on the computer or other programmable apparatus create 
means for implementing the functions Specified in the block 
diagram, flowchart or control flow block(s) or Step(s). These 
computer program instructions may also be Stored in a 
computer-readable memory that can direct a computer or 
other programmable apparatus to function in a particular 
manner, Such that the instructions Stored in the computer 
readable memory produce an article of manufacture includ 
ing instruction means which implement the function Speci 
fied in the block diagram, flowchart or control flow block(s) 
or step(s). The computer program instructions may also be 
loaded onto a computer or other programmable apparatus to 
cause a Series of operational Steps to be performed on the 
computer or other programmable apparatus to produce a 
computer implemented process Such that the instructions 
which execute on the computer or other programmable 
apparatus provide Steps for implementing the functions 
Specified in the block diagram, flowchart or control flow 
block(s) or Step(s). Accordingly, blocks or steps of the block 
diagram, flowchart or control flow illustrations Support 
combinations of means for performing the Specified func 
tions, combinations of Steps for performing the Specified 
functions and program instruction means for performing the 
specified functions. It will also be understood that each 
block or step of the block diagram, flowchart or control flow 
illustrations, and combinations of blockS or Steps in the 
block diagram, flowchart or control flow illustrations, can be 
implemented by Special purpose hardware-based computer 
Systems which perform the Specified functions or Steps, or 
combinations of Special purpose hardware and computer 
instructions. 

0088. Many modifications and other embodiments of the 
invention will come to mind to one skilled in the art to which 
this invention pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the invention 
is not to be limited to the specific embodiments disclosed 
and that modifications and other embodiments are intended 
to be included within the Scope of the appended claims. 
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Although specific terms are employed herein, they are used 
in a generic and descriptive Sense only and not for purposes 
of limitation. 

What is claimed is: 
1. An apparatus for use in a ground proximity warning 

System for determining whether an aircraft is located at a 
desired position with respect to a Selected runway, wherein 
Said apparatus comprises a processor that defines a runway 
field clearance floor envelope about the Selected runway 
representing different preselected altitudes above the 
Selected runway at respective distances from the Selected 
runway, wherein Said processor compares the position of the 
aircraft to the runway field clearance floor envelope, and 
wherein if the aircraft is positioned below the runway field 
clearance floor envelope, Said processor provides an indi 
cation thereof. 

2. An apparatus according to claim 1, wherein Said 
processor compares a distance between the aircraft and 
Selected runway to the runway field clearance floor envelope 
and determines a preselected altitude of the aircraft above 
the Selected runway based on the runway field clearance 
floor envelope, wherein Said processor compares the prese 
lected altitude to the altitude of the aircraft above the 
selected runway, and wherein if the altitude of the aircraft 
above the Selected runway is no more than the preselected 
altitude, Said processor provides an indication thereof. 

3. An apparatus according to claim 1, wherein Said 
processor defines the runway field clearance floor envelope 
dependent upon at least two boundaries, and wherein Said 
processor defines at least one of the boundaries based on at 
least one of a runway position quality factor, an altitude data 
quality factor, and an aircraft position quality factor. 

4. An apparatus according to claim 3, wherein Said 
processor defines an inner boundary of the runway field 
clearance floor envelope at an inner position proximate to 
the Selected runway by Summing the runway position quality 
factor, altitude data quality factor, and aircraft position 
quality factor, and wherein Said processor defines an outer 
boundary of the runway field clearance floor envelope at an 
outer position by Summing the runway position quality 
factor, the altitude data quality factor, the aircraft position 
quality factor, and a predetermined outer distance represent 
ing a predetermined distance from the Selected runway. 

5. An apparatus according to claim 4, wherein Said 
processor further defines the runway field clearance floor 
envelope to have a preselected inner boundary altitude at the 
inner boundary, and a preselected outer boundary altitude at 
the outer boundary to thereby define a runway field clear 
ance floor envelope having a slope defined by the inner and 
outer boundary altitudes and the inner and outer positions. 

6. An apparatus according to claim 2 further comprising 
a memory device in electrical communication with Said 
processor, wherein Said memory device includes a database 
containing position and elevation data for at least one 
Selected runway, and wherein Said processor determines the 
altitude of the aircraft above the Selected runway by acceSS 
ing elevation data related to the Selected runway from Said 
memory device and Subtracting the elevation of the Selected 
runway from the altitude of the aircraft. 

7. An apparatus according to claim 6, wherein the altitude 
of the aircraft is a calculated geometric altitude representing 
the altitude of the aircraft above sea level, and wherein said 
processor Subtracts the elevation data related to the Selected 
runway from the geometric altitude of the Selected aircraft. 
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8. An apparatus according to claim 1, wherein Said 
processor further defines a terrain clearance floor envelope 
about the Selected runway representing different preselected 
minimum altitudes of the aircraft above terrain located 
below a current position of the aircraft for different distances 
between the aircraft and the Selected runway, wherein Said 
processor compares the altitude of the aircraft above the 
terrain below the current position of the aircraft to the 
minimum altitude indicated by the terrain clearance floor 
envelope for the distance between the aircraft and Selected 
runway, and wherein if the altitude of the aircraft above the 
terrain is no more than the minimum altitude indicating that 
the aircraft is below the terrain clearance floor envelope, Said 
processor provides an indication thereof. 

9. An apparatus according to claim 8, wherein if Said 
processor determines that the aircraft is below at least one of 
the runway field clearance floor envelope and the terrain 
clearance floor envelope for more than a predetermined 
time, Said processor generates a ground proximity alert. 

10. An apparatus according to claim 9, wherein if Said 
processor determines that the aircraft is below the runway 
field clearance floor envelope for more than a predetermined 
time, Said processor increases an altitude value indicating 
the altitude of the aircraft above the selected runway by a 
Selected amount, Such that the aircraft must decrease in 
altitude by the selected amount before said processor will 
generate a next ground proximity alert. 

11. An apparatus according to claim 9, wherein if Said 
processor determines that the aircraft is below the terrain 
clearance floor envelope floor for more than a predetermined 
time, said processor increases an altitude value indicating 
the altitude of the aircraft by a Selected amount, Such that the 
aircraft must decrease in altitude by the Selected amount 
before Said processor will generate a next ground proximity 
alert. 

12. An apparatus according to claim 1 further comprising 
a memory device in electrical communication with Said 
processor, wherein Said memory device includes a database 
containing preselected altitudes that an aircraft should main 
tain above a Selected runway at respective distances from the 
Selected runway, and wherein Said processor accesses the 
memory device and defines the runway field clearance floor 
envelope based on the preselected altitudes at respective 
distances Stored in the memory device. 

13. A method for use in a ground proximity warning 
System for determining whether an aircraft is located at a 
desired position with respect to a Selected runway, wherein 
Said method comprises the Steps of 

defining a runway field clearance floor envelope about the 
Selected runway representing different preselected alti 
tudes above the Selected runway at respective distances 
from the Selected runway; 

comparing the position of the aircraft to the runway field 
clearance floor envelope; and 

providing an indication if the aircraft is positioned below 
the runway field clearance floor envelope. 

14. A method according to claim 13, wherein Said com 
paring Step comprises the Steps of: 

comparing a distance between the aircraft and Selected 
runway to the runway field clearance floor envelope; 

determining a preselected altitude of the aircraft above the 
Selected runway based on the runway field clearance 
floor envelope; 
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comparing the preselected altitude to the altitude of the 
aircraft above the Selected runway; and 

providing an indication if the altitude of the aircraft above 
the Selected runway is no more than the preselected 
altitude. 

15. A method according to claim 13, wherein Said defining 
Step comprises defining the runway field clearance floor 
envelope dependent upon at least two boundaries, and 
wherein Said defining Step defines at least one of the bound 
aries based on at least one of a runway position quality 
factor, an altitude data quality factor, and an aircraft position 
quality factor. 

16. A method according to claim 15, wherein Said defining 
Step comprises the Steps of: 

Summing the runway position quality factor, altitude data 
quality factor, and aircraft position quality factor to 
define an inner boundary of the runway field clearance 
floor envelope at an inner position proximate to the 
Selected runway; and 

Summing the runway position quality factor, the altitude 
data quality factor, the aircraft position quality factor, 
and a predetermined outer distance representing a pre 
determined distance from the Selected runway to define 
an outer boundary of the runway field clearance floor 
envelope at a Second position. 

17. A method according to claim 16, wherein Said defining 
Step further comprises after Said Summing Steps the Step of 
defining the runway field clearance floor envelope to have a 
preSelected inner boundary altitude at the inner boundary 
and a preselected outer boundary altitude at the outer 
boundary to thereby define a runway field clearance floor 
envelope having a slope defined by the inner and outer 
boundary altitudes and positions. 

18. A method according to claim 14 further comprising 
the Step of Storing a database containing position and 
elevation data for at least one Selected runway, and wherein 
Said determining Step comprises the Steps of: 

accessing the elevation data related to the Selected runway 
Stored in Said Storing Step; and 

Subtracting the elevation of the Selected runway from the 
altitude of the aircraft. 

19. A method according to claim 18, wherein the altitude 
of the aircraft is a calculated geometric altitude representing 
the altitude of the aircraft above sea level, and wherein said 
Subtracting Step comprises Subtracting the Stored elevation 
data related to the Selected runway from the geometric 
altitude of the selected aircraft. 

20. A method according to claim 13, wherein said method 
further comprises the Steps of 

defining a terrain clearance floor envelope about the 
Selected runway representing different preselected 
minimum altitudes of the aircraft above terrain located 
below a current position of the aircraft for different 
distances between the aircraft and the Selected runway; 

comparing the altitude of the aircraft above the terrain 
below the current position of the aircraft to the mini 
mum altitude indicated by the terrain clearance floor 
envelope for the distance between the aircraft and 
Selected runway; and 
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providing an indication that the aircraft is below the 
terrain clearance floor envelope if the altitude of the 
aircraft above the terrain is no more than the minimum 
altitude. 

21. A method according to claim 20 further comprising 
the Step of generating a ground proximity warning alert if the 
aircraft is below at least one of the runway field clearance 
floor envelope and the terrain clearance floor envelope for 
more than the predetermined time. 

22. A method according to claim 21, wherein if the aircraft 
is below the runway field clearance floor envelope for more 
than a predetermined time, Said method further comprises 
the Step of increasing an altitude value indicating the altitude 
of the aircraft above the selected runway by a selected 
amount, Such that the aircraft must decrease in altitude by 
the Selected amount before Said generating Step will generate 
a next ground proximity alert. 

23. A method according to claim 21, wherein if the aircraft 
is below the terrain clearance floor envelope floor for more 
than a predetermined time, method further comprises the 
Step of increasing an altitude value indicating the altitude of 
the aircraft by a Selected amount, Such that the aircraft must 
decrease in altitude by the Selected amount before Said 
generating Step will generate a next ground proximity alert. 

24. A method according to claim 13 further comprising 
the Step of Storing a data base containing preselected alti 
tudes that an aircraft should maintain above a Selected 
runway at respective distances from the Selected runway, 
and wherein Said defining Step comprises defining the run 
way field clearance floor envelope based on the preselected 
altitudes at respective distances Stored in Said Storing Step. 

25. A computer program product for use in a ground 
proximity warning System to determine whether an aircraft 
is located at a desired position with respect to a Selected 
runway, wherein the computer program product comprises: 

a computer readable Storage medium having computer 
readable program code means embodied in Said 
medium, Said computer-readable program code means 
comprising: 

first computer instruction means for defining a runway 
field clearance floor envelope about the Selected 
runway representing different preselected altitudes 
above the Selected runway at respective distances 
from the Selected runway; 

Second computer instruction means for comparing the 
position of the aircraft to the runway field clearance 
floor envelope; and 

third computer instruction means, responsive to Said 
Second computer instruction means, for providing an 
indication if the aircraft is positioned below the 
runway field clearance floor envelope. 

26. A computer program product according to claim 25, 
wherein Said Second computer instruction means compares 
a distance between the aircraft and Selected runway to the 
runway field clearance floor envelope and determines a 
preSelected altitude of the aircraft above the Selected runway 
based on the runway field clearance floor envelope, and 
wherein Said Second computer instruction means compares 
the preselected altitude to the altitude of the aircraft above 
the Selected runway, and provides an indication if the 
altitude of the aircraft above the Selected runway is no more 
than the preselected altitude. 
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27. A computer program product according to claim 25, 
wherein Said first computer instruction means defines the 
runway field clearance floor envelope dependent upon at 
least two boundaries, and Said first computer instruction 
means defines at least one of the boundaries based on at least 
one of a runway position quality factor, an altitude data 
quality factor, and an aircraft position quality factor. 

28. A computer program product according to claim 27, 
wherein Said first computer instruction means Sums the 
runway position quality factor, altitude data quality factor, 
and aircraft position quality factor to define an inner bound 
ary of the runway field clearance floor envelope at an inner 
position proximate to the Selected runway, and wherein Said 
first computer instruction means Sums the runway position 
quality factor, the altitude data quality factor, the aircraft 
position quality factor, and a predetermined outer distance 
representing a predetermined distance from the Selected 
runway to define an outer boundary of the runway field 
clearance floor envelope at a Second position. 

29. A computer program product according to claim 28, 
wherein Said first computer instruction means further defines 
the runway field clearance floor envelope to have a prese 
lected inner boundary altitude at the inner boundary and a 
preSelected outer boundary altitude at the outer boundary to 
thereby define a runway field clearance floor envelope 
having a slope defined by the inner and outer boundary 
altitudes and positions. 

30. A computer program product according to claim 26 
further comprising fourth computer instruction means for 
Storing a database containing position and elevation data for 
at least one Selected runway, and wherein Said Second 
computer instruction means accesses the elevation data 
related to the Selected runway Stored in Said Storing Step, and 
subtracts the elevation of the selected runway from the 
altitude of the aircraft. 

31. A computer program product according to claim 30, 
wherein the altitude of the aircraft is a calculated geometric 
altitude representing the altitude of the aircraft above Sea 
level, and wherein Second computer instruction means Sub 
tracts the Stored elevation data related to the Selected runway 
from the geometric altitude of the Selected aircraft. 

32. A computer program product according to claim 25 
further comprises fifth computer instruction means for defin 
ing a terrain clearance floor envelope about the Selected 
runway representing different preselected minimum alti 
tudes of the aircraft above terrain located below a current 
position of the aircraft for different distances between the 
aircraft and the Selected runway, wherein Said Second com 
puter instruction means compares the altitude of the aircraft 
above the terrain below the current position of the aircraft to 
the minimum altitude indicated by the terrain clearance floor 
envelope for the distance between the aircraft and Selected 
runway, and wherein Said third computer instruction means 
provides an indication that the aircraft is below the terrain 
clearance floor envelope if the altitude of the aircraft above 
the terrain is no more than the minimum altitude. 

33. A computer program product according to claim 32 
further comprising Sixth computer instruction means for 
generating a ground proximity warning alert if the aircraft is 
below at least one of the runway field clearance floor 
envelope and the terrain clearance floor envelope for more 
than the predetermined time. 

33. A computer program product according to claim 32, 
wherein if the aircraft is below the runway field clearance 
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floor envelope for more than a predetermined time, Said 
computer program product further comprises Seventh com 
puter instruction means for increasing an altitude value 
indicating the altitude of the aircraft above the Selected 
runway by a Selected amount, Such that the aircraft must 
decrease in altitude by the selected amount before said fifth 
computer instruction means generates a next ground proX 
imity alert. 

34. A computer program product according to claim 33, 
wherein if the aircraft is below the terrain clearance floor 
envelope floor for more than a predetermined time, Said 
computer program product further comprises eighth com 
puter instruction means for increasing an altitude value 
indicating the altitude of the aircraft by a Selected amount, 
Such that the aircraft must decrease in altitude by the 
Selected amount before Said fifth computer instruction 
means generates a next ground proximity alert. 

35. A computer program product according to claim 25 
further comprises ninth computer instruction means for 
Storing a data base containing preselected altitudes that an 
aircraft should maintain above a Selected runway at respec 
tive distances from the Selected runway, and wherein Said 
first computer instruction means defines the runway field 
clearance floor envelope based on the preselected altitudes at 
respective distances Stored by Said ninth computer instruc 
tion means. 

36. An apparatus for generating a runway field clearance 
floor envelope for use in a ground proximity warning 
System, wherein Said apparatus comprises a processor that 
generates a runway field clearance floor envelope about a 
Selected runway representing a Selected minimum landing 
pattern for landing an aircraft on the Selected runway, 
wherein Said processor defines the runway field clearance 
floor envelope to have different preselected altitudes above 
the Selected runway at different respective distances from 
the selected runway, and wherein each of the different 
preSelected altitudes represent a Selected minimum altitude 
above the Selected runway that the aircraft should maintain 
at the respective distance from the Selected runway for 
landing the aircraft on the Selected runway. 

37. An apparatus according to claim 36, wherein Said 
processor defines the runway field clearance floor envelope 
dependent upon at least two boundaries, and wherein Said 
processor defines at least one of the boundaries based on at 
least one of a runway position quality factor, an altitude data 
quality factor, and an aircraft position quality factor. 

38. An apparatus according to claim 37, wherein Said 
processor defines an inner boundary of the runway field 
clearance floor envelope at an inner position proximate to 
the Selected runway by Summing the runway position quality 
factor, altitude data quality factor, and aircraft position 
quality factor, and wherein Said processor defines an outer 
boundary of the runway field clearance floor envelope at a 
outer position by Summing the runway position quality 
factor, the altitude data quality factor, the aircraft position 
quality factor, and a predetermined outer distance represent 
ing a predetermined distance from the Selected runway. 

39. An apparatus according to claim 38, wherein Said 
processor further defines the runway field clearance floor 
envelope to have a preselected inner boundary altitude at the 
inner boundary, and a preselected outer boundary altitude at 
the outer boundary to thereby define a runway field clear 
ance floor envelope having a slope defined by the inner and 
outer boundary altitudes and the inner and Outer positions. 
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40. An apparatus according to claim 36 further compris- memory device and defines the runway field clearance floor 
ing a memory device in electrical communication with Said envelope based on the preselected altitude at respective 
processor, wherein Said memory device includes a database distances Stored in the memory device. 
containing preselected altitudes that an aircraft should main 
tain above a Selected runway at respective distances from the 
Selected runway, and wherein Said processor accesses the k . . . . 


