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(57) ABSTRACT 

A warning method for an aircraft includes receiving a first 
parameter indicative of an aircraft's flight path, calculating 
a stable approach value based on the first parameter, receiv 
ing a second parameter indicative of the aircraft's turbu 
lence, calculating a turbulence factor based on the second 
parameter, calculating a safe landing value based on the 
stable approach value and the turbulence factor, comparing 
the safe landing value to a threshold value, and providing an 
aircraft warning when the safe landing value fails to meet the 
threshold value. 
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AIRCRAFT TURBULENCE DETECTION 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 62/190,177 filed Jul. 8, 2015, the 
disclosure of which is incorporated herein in its entirety 

FIELD OF THE DISCLOSURE 

0002 This disclosure generally relates to systems and 
methods for flying an aircraft. More particularly, this dis 
closure relates to systems and methods for monitoring an 
aircraft's turbulent environment and providing instructions 
or warnings to the aircraft's crew based on the monitored 
turbulent environment. 

BACKGROUND 

0003 Turbulence is an unstable flight condition with 
rapid variations in either flight path or attitude. It can reduce 
an aircraft's margins of control and stability and hazardous 
levels can impart significant "g loads on an airframe. 
0004 Turbulence detection is useful during approach to 
landing while the flight crew attempts to keep the aircraft on 
a stabilized flight path. Unstabilized approaches can lead to 
dangerous landing conditions such as tailstrikes, hard land 
ings, long landings, and bounced landings. 
0005 Systems and methods are available for providing 
'go-around instructions to an aircraft crew if an unsafe 
landing is being attempted. Traditionally, aircraft warnings 
are based on an aircraft's vertical speed and height above the 
ground, but an aircraft's turbulent environment is not con 
sidered. 

SUMMARY 

0006. This disclosure relates to methods and systems for 
monitoring an aircraft's turbulent environment and provid 
ing instructions or warnings to the aircraft's crew based on 
the monitored turbulent environment. Advantageously, the 
systems and methods may reduce dangerous landing con 
ditions such as tailstrikes, hard landings, long landings, and 
bounced landings. 
0007. In one embodiment, a warning method for an 
aircraft includes receiving a first parameter indicative of an 
aircraft's flight path, calculating a stable approach value 
based on the first parameter, receiving a second parameter 
indicative of the aircraft's turbulence, calculating a turbu 
lence factor based on the second parameter, calculating a 
safe landing value based on the stable approach value and 
the turbulence factor, comparing the safe landing value to a 
threshold value, and providing an aircraft warning when the 
safe landing value fails to meet the threshold value. 
0008. In some embodiments, the first parameter includes 
the aircraft's vertical speed and the aircraft's height above 
the ground. 
0009. In some embodiments, the second parameter 
includes the aircraft's pitch rate and the aircraft's vertical 
acceleration rate. In some embodiments, the aircraft's pitch 
rate includes a frequency of a pitch's oscillation. In some 
embodiments, the aircraft's vertical acceleration rate 
includes a maximum vertical acceleration over a period of 
time. 
0010. In some embodiments, the second parameter 
includes a frequency of a vertical acceleration rate of the 
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aircraft. In some embodiments, the second parameter 
includes an acceleration of the aircraft about an axis, a rate 
of change of an acceleration of the aircraft about an axis, a 
yaw rate of the aircraft, or a roll rate of the aircraft. 
0011. In some embodiments, calculating the safe landing 
value includes normalizing the stable approach value and the 
turbulence factor. In some embodiments, calculating the safe 
landing value includes adding the stable approach value and 
the turbulence factor or multiplying the stable approach 
value and the turbulence factor. 

0012. In some embodiments, the aircraft warning 
includes a go-around instruction, tailstrike warning, a hard 
landing warning, a long landing warning, or a bounce 
landing warning. 
0013. In one embodiment, an aircraft warning system 
includes a first module that receives multiple first parameters 
indicative of an aircraft's flight path, a second module that 
calculates a stable approach value based on the multiple first 
parameters, a third module that receives multiple second 
parameters indicative of the aircraft's turbulence, a fourth 
module that calculates a turbulence factor based on the 
multiple second parameters, a fifth module that calculates a 
safe landing value based on the stable approach value and 
the turbulence factor, a sixth module that compares the safe 
landing value to a threshold value, and a seventh module that 
provides an aircraft warning when the safe landing value 
fails to meet the threshold value. 

0014. In some embodiments, the multiple first parameters 
include the aircraft's vertical speed and the aircraft's height 
above the ground. 
0015. In some embodiments, the multiple second param 
eters include the aircraft's pitch rate and the aircraft's 
vertical acceleration rate. In some embodiments, the air 
craft's pitch rate includes a frequency of a pitch's oscilla 
tion. In some embodiments, the aircraft's vertical accelera 
tion rate includes a maximum vertical acceleration over a 
period of time. 
0016. In some embodiments, the second parameter 
includes a frequency of a vertical acceleration rate of the 
aircraft. In some embodiments, the second parameter 
includes an acceleration of the aircraft about an axis, a rate 
of change of an acceleration of the aircraft about an axis, a 
yaw rate of the aircraft, or a roll rate of the aircraft. 
0017. In some embodiments, the fifth module normalizes 
the stable approach value and the turbulence factor. In some 
embodiments, the fifth module adds the stable approach 
value and the turbulence factor or multiplies the stable 
approach value and the turbulence factor. 
0018. In some embodiments, the aircraft warning 
includes a go-around instruction, tailstrike warning, a hard 
landing warning, a long landing warning, or a bounce 
landing warning. 
0019. In one embodiment, a warning method for an 
aircraft includes receiving multiple first parameters indica 
tive of an aircraft's flight path, calculating a stable approach 
value based on the multiple first parameters, receiving 
multiple second parameters indicative of the aircraft's tur 
bulence, calculating a turbulence factor based on the mul 
tiple second parameters, calculating a safe landing value 
based on the stable approach value and the turbulence factor, 
comparing the safe landing value to a threshold value, and 
providing an aircraft warning when the safe landing value 
fails to meet the threshold value. 
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0020. In some embodiments, the multiple first parameters 
include the aircraft's vertical speed and the aircraft's height 
above the ground. In some embodiments, the multiple 
second parameters include the aircraft's pitch rate and the 
aircraft's vertical acceleration rate. 
0021. In one embodiment, a warning method for an 
aircraft includes receiving a stable approach value, receiving 
a parameter indicative of the aircraft's turbulence, calculat 
ing a turbulence factor based on the parameter, calculating 
a safe landing value based on the stable approach value and 
the turbulence factor, comparing the safe landing value to a 
threshold value, and providing an aircraft warning when the 
safe landing value fails to meet the threshold value. In some 
embodiments, the stable approach value is a glide slope 
signal. In some embodiments, the turbulence factor is a glide 
slope deviation. In some embodiments, the safe landing 
value is Substituted for a stable approach value in a bus (e.g., 
an ARINC bus) before an error is detected. Exemplary 
systems and methods of Substituting signals in a bus are 
disclosed in U.S. patent application Ser. No. 14/450,165, the 
content of which is incorporated herein in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1A depicts an aircraft during approach to a 
runway, in accordance with an embodiment. 
0023 FIG. 1B depicts an aircraft during a turbulence 
impacted approach to a runway, in accordance with an 
embodiment. 
0024 FIG. 2 depicts a warning method for an aircraft, in 
accordance with an embodiment. 
0025 FIG.3 depicts an aircraft warning system, in accor 
dance with an embodiment. 

DETAILED DESCRIPTION 

0026. In the following description of embodiments, ref 
erence is made to the accompanying drawings which form a 
part hereof, and in which it is shown by way of illustration 
specific embodiments in which the claimed subject matter 
may be practiced. It is to be understood that other embodi 
ments may be utilized and structural changes may be made 
without departing from the scope of the claimed subject 
matter. 

0027. In some embodiments, an aircraft's turbulent envi 
ronment is monitored and warnings or instructions are given 
to the aircraft's crew based on the monitored turbulent 
environment. Advantageously, this may reduce dangerous 
landing conditions such as tailstrikes, hard landings, long 
landings, and bounced landings. 
0028 FIG. 1A depicts an aircraft 102 during approach to 
a runway 104, in accordance with an embodiment. FIG. 1A 
illustrates a stable approach, with the aircraft 102 following 
a flight path 106. Aircraft 102 has an appropriate pitch for a 
stable approach and landing. As used herein, an aircraft's 
pitch can be understood to include the angle between a 
reference line (for example, the chord line, identified as 108 
in FIG. 1A) of the aircraft and the horizontal 110. Tradi 
tionally, a stable flight path is determined by vertical veloc 
ity and height above the ground, and a warning is issued 
when an aircraft deviates from the stable flight path. 
0029 FIG. 1B depicts aircraft 102 during a turbulence 
impacted approach to runway 104, in accordance with an 
embodiment. In this figure, turbulence has caused aircraft 
102 to pitch down, depicted by the chord line 112 below the 
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horizontal 110. To maintain the correct approach path, the 
crew of aircraft 102 must correct the pitch while also 
adjusting thrust and control Surfaces so that the vertical 
velocity and height follow a stable flight path. 
0030 Thus, the effect of turbulence distracts the crew 
from the already complicated approach procedure, thereby 
reducing performance margin and increasing the risk of 
tailstrikes, hard landings, long landings, bounced landings, 
and other accidents. However, because the crew in FIG. 1B 
manages to maintain the aircraft on a stable flight path, no 
warning may be given. If the effects of turbulence continue, 
the aircraft may deviate from the stable flight path. At that 
time, a go-around maneuver may be impossible and an 
accident inevitable. 
0031. In some embodiments, a safe landing value is 
calculated based on a stable approach value and a turbulence 
factor. FIG. 2 depicts a warning method 200 for an aircraft, 
in accordance with an embodiment. Method 200 may reduce 
dangerous landing conditions such as tailstrikes, hard land 
ings, long landings, and bounced landings. 
0032 Method 200 includes receiving a first parameter 
indicative of an aircraft's flight path 202. In some embodi 
ments, receiving a first parameter comprises receiving mul 
tiple first parameters. In some embodiments, the first param 
eter includes the aircraft's vertical speed and the aircraft's 
height above the ground. 
0033 Method 200 includes calculating a stable approach 
value based on the first parameter 204. Traditionally, the 
stable approach value may be compared to a threshold. For 
example, a measured vertical air speed may be compared to 
a vertical speed limit. In other traditional examples, devia 
tions of angle of attack and/or airspeed from a nominal 
value, or deviations from the glide slope of an instrument 
landing system, are used. 
0034 Method 200 includes receiving a second parameter 
indicative of the aircraft's turbulence 206. Advantageously, 
this may represent the actual turbulent environment experi 
enced by the aircraft, rather than estimating a turbulent 
environment based on a radar-based turbulent detection. The 
actual turbulent environment can give a direct measure of 
the impact on performance margin and provide improved 
guidance for warnings and instructions. 
0035. In some embodiments, receiving a second param 
eter comprises receiving multiple second parameters. In 
Some embodiments, the second parameter includes the air 
craft's pitch rate and the aircraft's vertical acceleration rate. 
In some embodiments, the aircraft's pitch rate includes a 
frequency of a pitch's oscillation, Such as the number of 
pitch "maximums during a certain time period, for 
example. In some embodiments, the aircraft's vertical accel 
eration rate includes a maximum vertical acceleration over 
a period of time. Such as the maximum vertical acceleration 
over one second, for example. 
0036. In some embodiments, the second parameter 
includes a frequency of a vertical acceleration rate of the 
aircraft. In some embodiments, the second parameter 
includes an acceleration of the aircraft about an axis or a rate 
of change of an acceleration of the aircraft about an axis. In 
Some embodiments, the second parameter includes a yaw 
rate or a roll rate. 
0037 Method 200 includes calculating a turbulence fac 
tor based on the second parameter 208. In some embodi 
ments, the turbulence factor is calculated using TF-ki, 
abs(a)--kabs(0) where: 
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0038 TF is the turbulence factor, 
(0039) k, is the vertical acceleration rate gain, 
0040 a is the vertical acceleration rate, 
0041 k is the pitch rate gain, and 
0042) 6 is the pitch rate. 

0043. In some embodiments, the vertical acceleration rate 
is a measured value or a filtered or moving average. In some 
embodiments, the pitch rate is a measured value or a filtered 
or moving average. 
0044) Method 200 includes calculating a safe landing 
value based on the stable approach value and the turbulence 
factor 210. In some embodiments, calculating the safe 
landing value includes normalizing the stable approach 
value and the turbulence factor. In some embodiments, 
normalizing the stable approach value and the turbulence 
factor comprises adjusting one value So that it has the same 
dimensions as the other value or adjusting both values so 
that they have the same dimensions. 
0045. In some embodiments, calculating the safe landing 
value includes adding the stable approach value and the 
turbulence factor or multiplying the stable approach value 
and the turbulence factor. In some embodiments, the safe 
landing value is calculated using SLV=V+TF or SLV-TFx 
V), where: 

0046 SLV is the safe landing value, 
0047 TF Is the turbulence factor, and 
0048 V is the sink rate with positive being in the 
descending direction. 

0049. In some embodiments, additional flight-specific 
parameters may be incorporated into the calculation of the 
safe landing value. For example, a safe landing value may 
also be based on the type of airplane, the experience of the 
crew, weather conditions, a destination airport, the weight of 
the airplane and cargo, or flap/slat position of the airplane. 
0050. In some embodiments, method 200 includes apply 
ing a lag or moving averages (e.g., a moving average is the 
average value of a parameter over a predetermined time 
period) to factor out unsteady turbulence factors. In some 
embodiments, a first order damping or a low pass filter is 
applied to the parameter to Smooth out unsteady, high 
frequency variations. In some embodiments, the damping or 
low pass filter is calculated using 

it(t) St + 1 

where: 
0051 x(t) is the response of the system, 
0.052 k is the gain of the system, 
0053 s is the laplace variable, 
0054 t is the time constant of the system, and 
0055 u(t) is the input to the system. 

0056 Method 200 includes comparing the safe landing 
value to a threshold value 212. In some embodiments, the 
threshold value is a static threshold value. In some embodi 
ments, the threshold value changes as a function of height 
above touchdown. In some embodiments, the threshold is 
based on previous flight data in order to determine accept 
able and unacceptable values. 
0057 Method 200 includes providing an aircraft warning 
when the safe landing value fails to meet the threshold value 
214. In some embodiments, the aircraft warning includes a 
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go-around instruction, tailstrike warning, a hard landing 
warning, a long landing warning, or a bounce landing 
warning. 
0058. In some embodiments, the turbulence factor calcu 
lated above in step 208 is used in a non-landing situation. 
During cruising, for example, a turbulence warning alerts 
the flight crew to decelerate to the turbulence penetration 
speed. Like the approach case discussed above, a similar 
algorithm detects turbulence during cruise using aircraft 
speeds, accelerations and their rates, and attitude rates and 
then applies a turbulence factor to provide a warning to the 
crew or provide flight instructions. 
0059 FIG. 3 depicts an aircraft warning system 300, in 
accordance with an embodiment. System 300 may reduce 
dangerous landing conditions such as tailstrikes, hard land 
ings, long landings, and bounced landings. 
0060 Aircraft warning system 300 includes a flight path 
module 302 that receives a first parameter indicative of the 
aircraft's flight path. In some embodiments, flight path 
module 302 receives multiple first parameters indicative of 
the aircraft's flight path. In some embodiments, the first 
parameter includes the aircraft's vertical speed and the 
aircraft's height above the ground. In some embodiments, 
the first parameter is received from sensors on the aircraft, 
Such as an altimeter, an airspeed indicator, a seismometer, an 
accelerometer, and a gyroscope, for example. 
0061 Aircraft warning system 300 includes a stable 
approach value module 304 that calculates a stable approach 
value based on the first parameter. 
0062 Aircraft warning system 300 includes an aircraft 
turbulence module 306 that receives a second parameter 
indicative of the aircraft's turbulence. In some embodi 
ments, aircraft turbulence module 306 receives multiple 
second parameters indicative of the aircraft's turbulence. 
0063. In some embodiments, the second parameter 
includes the aircraft's pitch rate and the aircraft's vertical 
acceleration rate. In some embodiments, the aircraft's pitch 
rate includes a frequency of a pitch's oscillation. In some 
embodiments, the aircraft's vertical acceleration rate 
includes a maximum vertical acceleration over a period of 
time. In some embodiments, the second parameter is 
received from sensors on the aircraft, such as an altimeter, an 
airspeed indicator, a seismometer, an accelerometer, and a 
gyroscope, for example. 
0064. In some embodiments, the second parameter 
includes a frequency of a vertical acceleration rate of the 
aircraft. In some embodiments, the second parameter 
includes an acceleration of the aircraft about an axis or a rate 
of change of an acceleration of the aircraft about an axis. 
0065 Aircraft warning system 300 includes a turbulence 
factor module 308 that calculates a turbulence factor based 
on the second parameter. 
0.066 Aircraft warning system 300 includes a safe land 
ing value module 310 that calculates a safe landing value 
based on the stable approach value and the turbulence factor. 
In some embodiments, the safe landing value module nor 
malizes the stable approach value and the turbulence factor. 
In some embodiments, normalizing the stable approach 
value and the turbulence factor comprises adjusting one 
value So that it has the same dimensions as the other value 
or adjusting both values so that they have the same dimen 
S1O.S. 
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0067. In some embodiments, the safe landing value mod 
ule adds the stable approach value and the turbulence factor 
or multiplies the stable approach value and the turbulence 
factor. 
0068 Aircraft warning system 300 includes a compari 
son module 312 that compares the safe landing value to a 
threshold value. 
0069. Aircraft warning system 300 includes an aircraft 
warning module 314 that provides an aircraft warning when 
the safe landing value fails to meet the threshold value. In 
Some embodiments, the aircraft warning includes a go 
around instruction, tailstrike warning, a hard landing warn 
ing, a long landing warning, or a bounce landing warning. 
0070. In one embodiment, a warning method for an 
aircraft includes receiving a stable approach value, receiving 
a parameter indicative of the aircraft's turbulence, calculat 
ing a turbulence factor based on the parameter, calculating 
a safe landing value based on the stable approach value and 
the turbulence factor, comparing the safe landing value to a 
threshold value, and providing an aircraft warning when the 
safe landing value fails to meet the threshold value. In some 
embodiments, the stable approach value is a glide slope 
signal. In some embodiments, the turbulence factor is a glide 
slope deviation. In some embodiments, the safe landing 
value is Substituted for a stable approach value in a bus (e.g., 
an ARINC bus) before an error is detected. Exemplary 
systems and methods of Substituting signals in a bus are 
disclosed in U.S. patent application Ser. No. 14/450,165, the 
content of which is incorporated herein in its entirety. 
(0071. The term “module” as used herein, refers to soft 
ware, firmware, hardware, and any combination of these 
elements for performing the associated functions described 
herein. Additionally, for purpose of discussion, the various 
modules are described as discrete modules; however, as 
would be apparent to one of ordinary skill in the art, two or 
more modules may be combined to form a single module 
that performs the associated functions. 
0072. One skilled in the relevant art will recognize that 
many possible modifications and combinations of the dis 
closed embodiments can be used, while still employing the 
same basic underlying mechanisms and methodologies. The 
foregoing description, for purposes of explanation, has been 
written with references to specific embodiments. However, 
the illustrative discussions above are not intended to be 
exhaustive or to limit the disclosure to the precise forms 
disclosed. Many modifications and variations can be pos 
sible in view of the above teachings. The embodiments were 
chosen and described to explain the principles of the dis 
closure and their practical applications, and to enable others 
skilled in the art to best utilize the disclosure and various 
embodiments with various modifications as Suited to the 
particular use contemplated. 
0073. Further, while this specification contains many 
specifics, these should not be construed as limitations on the 
Scope of what is being claimed or of what may be claimed, 
but rather as descriptions of features specific to particular 
embodiments. Certain features that are described in this 
specification in the context of separate embodiments can 
also be implemented in combination in a single embodi 
ment. Conversely, various features that are described in the 
context of a single embodiment can also be implemented in 
multiple embodiments separately or in any suitable Subcom 
bination. Moreover, although features may be described 
above as acting in certain combinations and even initially 
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claimed as such, one or more features from a claimed 
combination can in some cases be excised from the combi 
nation, and the claimed combination may be directed to a 
Subcombination or variation of a Subcombination. 
What is claimed is: 
1. A warning method for an aircraft comprising: 
receiving a first parameter indicative of an aircraft's flight 

path, 
calculating a stable approach value based on the first 

parameter, 
receiving a second parameter indicative of the aircraft's 

turbulence, 
calculating a turbulence factor based on the second 

parameter, 
calculating a safe landing value based on the stable 

approach value and the turbulence factor, 
comparing the safe landing value to a threshold value, and 
providing an aircraft warning when the safe landing value 

fails to meet the threshold value. 
2. The method of claim 1, wherein the first parameter 

comprises the aircraft's vertical speed and the aircraft's 
height above the ground. 

3. The method of claim 1, wherein the second parameter 
comprises the aircraft's pitch rate and the aircraft's vertical 
acceleration rate. 

4. The method of claim 3, wherein the aircraft's pitch rate 
comprises a frequency of a pitch's oscillation. 

5. The method of claim 3, wherein the aircraft's vertical 
acceleration rate comprises a maximum vertical acceleration 
over a period of time. 

6. The method of claim 1, wherein the second parameter 
comprises a frequency of a vertical acceleration rate of the 
aircraft. 

7. The method of claim 1, wherein the second parameter 
comprises an acceleration of the aircraft about an axis, a rate 
of change of an acceleration of the aircraft about an axis, a 
yaw rate of the aircraft, or a roll rate of the aircraft. 

8. The method of claim 1, wherein calculating the safe 
landing value comprises normalizing the stable approach 
value and the turbulence factor. 

9. The method of claim 1, wherein calculating the safe 
landing value comprises adding the stable approach value 
and the turbulence factor or multiplying the stable approach 
value and the turbulence factor. 

10. The method of claim 1, wherein the aircraft warning 
comprises a go-around instruction, tailstrike warning, a hard 
landing warning, a long landing warning, or a bounce 
landing warning. 

11. An aircraft warning system comprising: 
a first module that receives multiple first parameters 

indicative of an aircraft's flight path, 
a second module that calculates a stable approach value 

based on the multiple first parameters, 
a third module that receives multiple second parameters 

indicative of the aircraft's turbulence, 
a fourth module that calculates a turbulence factor based 

on the multiple second parameters, 
a fifth module that calculates a safe landing value based 

on the stable approach value and the turbulence factor, 
a sixth module that compares the safe landing value to a 

threshold value, and 
a seventh module that provides an aircraft warning when 

the safe landing value fails to meet the threshold value. 
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12. The system of claim 11, wherein the multiple first 
parameters comprise the aircraft's vertical speed and the 
aircraft's height above the ground. 

13. The system of claim 11 wherein the multiple second 
parameters comprise the aircraft's pitch rate and the air 
craft's vertical acceleration rate. 

14. The system of claim 13, wherein the aircraft's pitch 
rate comprises a frequency of a pitch's oscillation. 

15. The system of claim 13, wherein the aircraft's vertical 
acceleration rate comprises a maximum vertical acceleration 
over a period of time. 

16. The system of claim 11, wherein the multiple second 
parameters comprise a frequency of a vertical acceleration 
rate of the aircraft. 

17. The system of claim 11, wherein the multiple second 
parameters comprise an acceleration of the aircraft about an 
axis, a rate of change of an acceleration of the aircraft about 
an axis, a yaw rate of the aircraft, or a roll rate of the aircraft. 

18. The system of claim 11, wherein the fifth module 
normalizes the stable approach value and the turbulence 
factor. 

19. The system of claim 11, wherein the fifth module adds 
the stable approach value and the turbulence factor or 
multiplies the stable approach value and the turbulence 
factor. 

20. The system of claim 11, wherein the aircraft warning 
comprises a go-around instruction, tailstrike warning, a hard 
landing warning, a long landing warning, or a bounce 
landing warning. 
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21. A warning method for an aircraft comprising: 
receiving multiple first parameters indicative of an air 

craft's flight path, 
calculating a stable approach value based on the multiple 

first parameters, 
receiving multiple second parameters indicative of the 

aircraft's turbulence, 
calculating a turbulence factor based on the multiple 

second parameters, 
calculating a safe landing value based on the stable 

approach value and the turbulence factor, 
comparing the safe landing value to a threshold value, and 
providing an aircraft warning when the safe landing value 

fails to meet the threshold value. 
22. The method of claim 21, wherein the multiple first 

parameters comprise the aircraft's vertical speed and the 
aircraft's height above the ground. 

23. The method of claim 21, wherein the multiple second 
parameters comprise the aircraft's pitch rate and the air 
craft's vertical acceleration rate. 

24. A warning method for an aircraft comprising: 
receiving a stable approach value, 
receiving a parameter indicative of the aircraft's turbu 

lence, 
calculating a turbulence factor based on the parameter, 
calculating a safe landing value based on the stable 

approach value and the turbulence factor, 
comparing the safe landing value to a threshold value, and 
providing an aircraft warning when the safe landing value 

fails to meet the threshold value. 
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