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Abstract 
 
The financial difficulties that airlines are facing 
following the financial crisis and the oil prices 
fluctuation are very hot subjects nowadays. On top 
of this, in a very competitive market where profit 
margins are constantly shrinking, it becomes 
mandatory for airlines to monitor the fuel 
consumption which is its main operating cost and 
to increase the energetic efficiency. The aircraft 
performance analysis is directly linked with the fuel 
consumption.  
In the present work a software tool in C 
programming language was developed to identify 
the stability points that are required to determine 
the degradation factor, based on the flight 
parameters recorded by the aircraft. The tool 
contains stability criteria that filter the flight 
parameters to ensure consistent and reliable data 
acquisition. A procedure to identify the best stability 
point based on the quality number was introduced. 
The obtained results show that it is possible to use 
more stringent stability criteria than the ones 
currently in use. Differences between the 
performance degradation values obtained by the 
tool and the currently considered values were 
found. These differences appear to be due to 
divergences in the source data acquisition 
procedures in each of the methods considered, 
which leads to the extraction of less accurate data 
that will need to be corrected in the future. 
 
Key-words: stability points, specific range 
degradation, quality number 
 
1. Introduction 

The aeronautical industry is one that has suffered 
most from the variation in the fuel price that has 
been increasing significantly since 2000, achieving 
maximum values in 2008. Given the volume of fuel 
costs, airlines, more than ever, begin to invest in 
preventive and corrective measures that lead to a 
reduction in fuel consumption. Additionally, the 
environmental impact of greenhouse gas emissions 
is a growing concern in commercial aviation. In an 
airline, to observe the impact that the reduction of 
fuel consumption has environmentally and 
economically, the performance degradation of the 
fleet needs to be maintained monitored and 
controlled to optimize fuel consumption for each 
flight. The aircraft performance analysis is closely 
linked to fuel consumption. 
We have assisted to the increment of actions and 
measures to increase energy efficiency and 
consequent fuel consumption reduction in the 
sector. Since the augmentation in fuel prices in the 
1970s, airlines and aircraft and engine 
manufacturers have made efforts to find solutions 
that increase the level of efficiency of aircraft and 
operations by reducing fuel consumption. Efficiency 

augmentation has been tremendous over the past 
decades. The current aircrafts consume 70% less 
fuel per passenger-mile than 40 years ago. To 
reduce the impact of fuel costs, the airlines have 
been considering many strategies in different areas 
particularly in flight operations, aircraft 
maintenance, ground-handling, marketing, planning 
routes and aircrafts and also the selection of more 
efficient aircraft. 
In addition to what was mentioned above there is 
an increment in systems and procedures for 
monitoring fuel consumption of aircraft. These 
systems allow airlines to follow the evolution of fuel 
consumption and evaluate the effectiveness of their 
measures in projects to reduce fuel consumption. 
Monitoring the aircraft and engine performance is a 
horizontal task to airlines and consists in the 
permanent collection of flight data that will be 
analyzed to determine the level of aircraft 
performance degradation at each moment. This 
procedure appears as a fundamental requirement 
for any project to reduce the fuel consumption or 
for flight planning. The monitoring of aircraft 
performance is focused on two main objectives: the 
reduction of fuel consumption (and/or monitor the 
consumption so that there is no unnecessary use) 
and to evaluate the aerodynamic drag degradation 
of the aircraft. 
The performance monitoring is currently carried out 
through a flight data analysis from which the 
performance degradation level of each airplane can 
be determined against a benchmark set by the 
manufacturer. To do this analysis a performance 
software is used - PEP (Performance Engineer’s 
Program) - developed by the manufacturer of the 
aircraft - in this case, Airbus - which contains 
several modules, among which is the APM (Aircraft 
Performance Monitoring). This module is 
responsible for determining the performance factor 
and requires the input of data recorded during 
flights. The data used in this program may have 
two different origins: the Cruise Performance 
Reports and AGS (Analysis Ground Station). The 
Cruise Reports are generated in flight and saved in 
the airplane and later are recovered in floppy discs 
or can be sent to the ground by wireless and this 
data is then processed. The second source 
contains data for a significant number of 
parameters that are constantly recorded throughout 
the flight. The analysis method using Cruise 
Performance Reports is what is currently done by 
TAP Portugal, but has limitations in terms of the 
amount of data that is available and of the 
representativeness of flights for which there is this 
data. To overcome these limitations and increase 
the amount of data available, the AGS comes as a 
solution of greater potential. This work consists 
mainly in the development of a tool that, based on 
the plane parameters properly processed by the 
AGS, determines points of stability and builds data 
files in a format that can be used directly by the 
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APM, which is to be an alternative to the current 
process. 

2. Performance Analysis 

Aircraft performance analysis can be accomplished 
using several alternative methods, such as 
comparing the instantaneous fuel consumption with 
the amount specified in FCOM (Flight Crew 
Operating Manual), the comparison of fuel 
consumption during a flight with the expected value 
given by the flight plan, which allows the correction 
of aircraft performance, taking into account the 
differences between the current values and those 
in the flight plan, or by examining the specific 
range. The specific range, as shown in equation 1, 
can be taken as an indicator of the aircraft 
performance when it is at a steady speed. This 
work is based on the method of the specific range 
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The specific range is obtained by analyzing the 
flight data recorded during the flight phase that has 
more stable conditions. This analysis can be done 
using the software of the Airbus, the APM, which is 
a PEP module. 
The APM calculates the flight performance by 
using mathematical methods (probabilistic and 
statistical calculations), the equations of 
aerodynamics, such as lift and drag equations and 
data related to the engine power. The input file for 
this program contains data such as the Mach 
number, total air temperature, altitude, weight, 
inertial vertical velocity, pack flow and center of 
gravity position. After this calculation, the program 
determines the deviation of the SR - DSR (Delta 
Specific Range or Specific Range Deviation), ie the 
difference between the specific range obtained and 
the reference value of the specific range that is 
indicated by the manufacturer in the testing phase 
of the aircraft. The APM also allows a distinction 
between the influence of the aircraft structure 
(DFFA) and engines (DFFB) for the observed 
deviation of this factor in the equation 2. 

 2 
Figure 1 illustrates the principle of the APM 
program. 
 

Figure 1 - Schematic of the principle of APM operation 

Among the most important outputs of the APM 
there is the DSR and its standard deviation, DFFA 

and DFFB. A negative value of DSR means 
degradation due to engines and/or due to 
aerodynamic performance, depending on the 
values of DFFA and DFFB, which causes a 
reduction in the specific range and translates into a 
value worse than expected by the FCOM.  

3. Stability points 

The subject of this work is the determination of the 
stability point which is the average of parameters 
calculated for the central period of 20 seconds from 
a longer period of time identified as being a stability 
period. The stability period has 100 or 120 
seconds, at which the differences between the 
maximum and minimum values of various 
parameters used, do not exceed the pre-defined 
tolerances meaning that the stability criterion was 
satisfied. 
When identifying stability periods it should be taken 
into account a number of parameters from the flight 
data, including the Mach number (MN), total air 
temperature (TAT), altitude (ALT), engine rotation 
speed (N1 and N2) which is given in percentage, 
ground speed (GS), roll angle (ROLL), vertical 
acceleration (VRTG), the exhaust gas temperature 
(EGT), fuel flow (FF) and vertical speed (IVV). 
Another important issue relates to the progress of 
the observation window. There are two distinct 
methods of observation: the individual observation 
windows with no common data or by a gliding 
observation window. With the first method, the 
parameters from the individual windows of 100 or 
120 seconds are analyzed and when the 
examination is completed, it starts a new analysis 
to the data of the next window with no data in 
common with the previous one. The second 
method, the gliding window, has an operating 
principle based on the concept of do not reject any 
data from any period of 100 or 120 seconds. The 
aircraft system that generates the Cruise 
Performance Report uses the gliding window 
method which will also be implemented in the 
current work. While the gliding window used in the 
aircraft algorithm has 100 seconds and the 
advancements 20 seconds, in the current algorithm 
an observation window of 100 seconds will be used 
but with an advancement of 1 second. 
The stability point is generated with the data of the 
period considered to be stable. The identification of 
the stability point is based on the analysis of the 
parameters values in the central 20 seconds of the 
corresponding stability period and the calculation of 
their average for this central period. 
If various stability periods are identified and 
consequently several stability points are 
determined, it must be determined the optimal point 
for input on an analysis of APM. To do so it is 
quantified the quality of stability periods through the 
quality number. The quality number for a certain 
observation period is the sum of the individual 
parameters quality considered to obtain the stability 
point (equation 3). In turn, the parameter individual 
quality number is a factor that measures the 
variation that a parameter has during the time 
period under study. 
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4. Tolerances and data filter 

FDIMU (Flight Data Interface Management Unit) is 
an airborne unit which records and filters the flight 
data that is subsequently read and decoded by the 
AGS. In this unit is established a maximum 
variation window (tolerance) for each parameter. 
In this work we considered two alternative 
tolerance systems: the one used in the 
programming language that generates the Cruise 
Performance Report and a system of tighter 
tolerances, more restrictive. The restrictive 
tolerances have been identified through an iterative 
process since it is necessary to establish a 
compromise between the tolerances applied and 
the number of stability periods found. This was the 
first approach to improve the existing system for 
determination of the best stability point. The two 
tolerance systems mentioned above are shown in 
Tables 1 and 2. 

 
Table 1 – Tolerance system used in the aircraft 

 
Table 2 – Final restrictive criteria 

These tolerance systems can be adjusted 
depending on the amount of stability points that will 
be identified and optimized by reducing the 
tolerances to fit the results against objectives. This 
was done later in the initial test phase of the 
algorithm and therefore it was adopted a more 
demanding tolerance system as it shall be seen 
later.  
In addition to the tolerance system, the airborne 
algorithm also uses a data filter to mitigate the 
noise effect on the measurements made. The filter 
works as a correction of read data and is does not 
eliminate any reading but adapts it to the previous 
reading. For this, it is used the following equation: 
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In equation 4, FO (filter output) represents the 
value already filtered, OFV (old filtered value) is the 
previous value of the same parameter already 
been altered by the filter, t is the number of 
samples per second, which in this case is 1 sample 
per second (t = 1), T is a filtering constant - in this 
case the value 3 will be considered, since it is the 
same constant used by the aircraft system to 
establish the Cruise Performance Report - and 
finally  the variable NRV is the reading done 
without the filter (new raw value) which becomes 

the FO value after applying the filter. After 
replacing the values of t and T in equation 4, the 
previous equation degenerates into equation 5: 
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5. Algorithm 

In order to detect stability points with good quality it 
was developed a C code which has an input data 
file obtained by the AGS. After setting the 
tolerances to be used as a stability criterion, the 
algorithm parses the parameters recorded in the 
input file, determines the maximum variation of 
each parameter in the observation period and 
verifies if the stability criterion is met and if so the 
current period is identified has being a stability 
period. This process is repeated using the gliding 
window method. When a stability period is 
identified, it is calculated the corresponding stability 
point. For each stability point is calculated the 
corresponding quality number which will be used to 
determine the best stability point encountered for 
the current flight under analysis. Figure 2 illustrates 
the procedures performed by the developed 
algorithm. 
 

 
Figure 2 - Flowchart of algorithm for detecting stability 

points 

6. Results 

The algorithm described in the previous section 
was initially used to test the lower tolerances to be 
implemented. The stability criterion established by 
the tolerances described in Table 2 was tested. 
After the algorithm implementation and after testing 
it for several flights, it was observed that the 
tolerances could be further reduced compared to 
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the ones that were initially imposed (Table 2). This 
process was repeated for several flights with the 
same aircraft with the intention of getting to a 
compromise between the number of flights that 
originated stability points and the amount of 
stability points identified for each flight. This 
compromise was achieved by reducing the 
tolerances of all parameters except for fuel flow 
which was maintained with the same value. With 
this iterative process it could be established the 
stability criterion considered in this work and shown 
in Table 3. 

 
Table 3 – Stability criterion used 

The tolerances shown in Table 3 were also used to 
test the algorithm at study. With these tolerances 
only one out of 10 flights analyzed (on average) did 
not generate a stability point, concluding that these 
tolerances are a good stability criterion to find 
stability points in order to carry out an APM 
analysis. The results shown hereafter were 
obtained using the tolerances in Table 3, except 
when said.  
As mentioned above, in order to find the aircraft 
degradation it is currently used the APM for which 
the input file is the report taken from the plane 
(Cruise Performance Report).  
In the Airbus A320-211 the systems that originate 
the Cruise Performance Report are less 
sophisticated than those currently existing and one 
disadvantage in that report is the fact that it only 
reports the first stability point and not necessarily 
the better stability point in flight during the cruise 
phase. This process makes data to be less 
consistent than the expected to be obtained by the 
algorithm now developed as it follows the 
methodology of [3], where it becomes clear that it is 
an optimized methodology and able to produce 
input data to the APM with a superior quality. 
In the analysis performed it was used the data from 
a flight from Lisbon to Praia with an Airbus A320 -
211 and the procedures that will be made can be 
extrapolated to all aircraft under the same 
conditions. For this flight, it was obtained a stability 
point at 21h37m41s by the Cruise Performance 
Report. Figure 3 shows a graph with the most 
relevant parameters (MN, IAS, ALT, TAT, N11, 
N12, FF1, FF2, VRTG and IVV) for the entire 
cruise phase. In the abscissa, it is represented the 
time in seconds, the instant 21h35m corresponding 
to 0s. 
This figure depicts the variation in time of certain 
parameters of this flight from 21h35m till 00h44m. 
As it can be seen, the initial parameters evolution 
appears to be very unstable compared with the 
periods following the change in flight level, visible 
in the curve on the altitude. From direct observation 
of the figure it is possible to identify a period with 
characteristics of a potential stability period 
between the seconds 4500 and 5100. However, 
the period corresponding to the one presented by 

the Cruise Performance Report stays between 0s 
and 300s.  
To make an analysis of this flight with the algorithm 
it was used a data file extracted from AGS. A brief 
observation of this file revealed that it contained 
data that did not meet the desired quality of input 
data for the algorithm developed. This was 
observed for the gross weight, for example. 
When trying to understand if what was revealed 
with the previous data file was just a coincidence 
other files from different flights of the same type of 
aircraft (Airbus A320-211) were observed too and it 
was concluded that it is not a coincidence but 
instead a choice of a lower sampling frequency. 
This means that the weight, as a few other 
parameters (for example, for the latitude it was 
observed the same) have a sampling frequency of 
one reading every 4 seconds. This causes some 
instability in data reading and that weight for 
example is a parameter that is zero in certain 
periods of time and alternately it is presented with 
values consistent with what was predicted. There 
are even parameters which for this work are not 
relevant, which are read every 64 seconds. In the 
case of weight it would be interesting in terms of 
future work to incorporate a routine in the algorithm 
developed to calculate the weight of the plane 
through the fuel used and knowing the initial weight 
of the aircraft. Since the weight and other 
parameters which showed some errors are not 
covered by the stability criterion used, the analysis 
of the flight with the algorithm under study was 
made. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 - Total cruise phase for a flight from Lisbon to 
Praia 
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In order to identify the stability periods in flight, it 
was used the two stability criteria described above 
in the algorithm which was developed, and it will be 
called Criterion 1 to the stability criterion given by 
the tolerances shown in Table 1 and Criterion 2 the 
stability criterion presented in Table 3. Table 4 
summarizes these two criteria: 

 
Table 4 - Stability criteria used 

The analysis of this flight was made using the 
unfiltered data file and Criterion 2 because it is the 
most restrictive. However, no stability points were 
obtained with this criterion. When changing the 
criterion the result was the same. Thus, it was 
made the same procedure using filtered data. With 
Criterion 2 the result was the same, meaning that 
even with the filtered data it could not identify 
periods of time in which the parameters variations 
were within the limits imposed by tolerances. 
Changing the analysis and using the criterion 1 the 
results were different. 
Analyzing the flight from Lisbon to Praia mentioned 
above with Criterion 1 it proved to be curious. 711 
stability points were obtained and the first point 
occurred at 21h52m, ie well after the point where 
Cruise Performance Report was generated. 
A first study to be made after observing the results 
of the algorithm was trying to figure out why the 
stability period was not obtained at the same 
instant as the Cruise Performance Report. Making 
an observation to the data file of this flight it was 
found that for the period reported by the aircraft 
(21h37m41s) the parameters variations exceeded 
those allowed by Criterion 1. One question 
emerges now: if the variations are greater than the 
tolerances of Criterion 1 - which are currently used 
in aircraft system - so how did it generate the point 
of the Cruise Performance Report? One possible 
explanation is that the aircraft system for the plane 
under consideration is already old and therefore 
may eventually allow a system of tolerances less 
stringent than the system of the latest aircraft. 
The second and final study done for this plane was 
to find the stability period among the 711 obtained 
which had the best quality number. The stability 
point with the best quality occurred at 00h20m. 
This moment is precisely the period of time 
between the seconds 4500 and 5100 that was 
considered previously as a time interval with 
potential for being a stability one. Figure 4 shows 
the evolution of parameters for the period with 
greater stability identified by the developed 
algorithm with filtered data. In this figure it is shown 
the interval between 00h16m (frame 0) and 
00h22m (frame 180). Figure 5 shows a detail from 
the period generated by the Cruise Performance 

Report and the frame 90 corresponds to 21h37m 
(Greenwich Cruise Performance Report). This 
figure presents the evolution of 5 minutes from 
cruise phase, including the stability period. In the 
following figures, each 30 frames correspond to 1 
minute. 
Figure 4 shows that the period of greater stability is 
between frames 60 and 120, and the frame 120 
corresponds to the instant 00h20m. 

 
Figure 4 - Detail of stability period at 00h20m (algorithm) 

 
Figure 5 - Detail of stability period at 21h37m (Cruise 

Performance Report) 

The stability period obtained by the developed 
algorithm has a much lower fluctuation of data than 
the period obtained by the aircraft system. Proof of 
this is that the point obtained by the Cruise 
Performance Report is not even a stability point 
when processing the data by the algorithm. This 
means that the period presented by the Cruise 
Performance Report has data variations high 
enough to disrespect the tolerances given by 
Criterion 1 which itself is a non restrictive criterion. 
Looking at figure 4 it can be seen that there is a 
lower data variation in the stability period identified 
by the proposed algorithm, while observing Figure 
5 there is a greater fluctuation in the data reported 
by the aircraft system and in adjacent periods.  
For this flight it was not done any analysis using 
APM. One of the crucial parameters for an efficient 
APM analysis is the weight and, as mentioned, this 
parameter does not have the required quality in 
data file. A performance analysis using APM would 
be very helpful to find out about the consistency of 
the data obtained by the algorithm. Due to lack of 
data, alternatively it can be determined if there is 
consistency of data or not by the quality number for 
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the 2 stability periods. Table 5 presents the results 
of this calculation for each previous stability period. 

 
Table 5 – Quality number for the 2 stability periods 

By observation of the table, the quality number of 
instant 21h47m obtained by the aircraft is a much 
higher number than that obtained for the stability 
period generated by the algorithm (00h20m). Since 
the quality number can be understood as a sample 
dispersion measure, then it is clear that the point 
reported by the Cruise Performance Report was 
achieved with a greater dispersion of parameters, 
thus suggesting a greater fluctuation of data in this 
period, as it was seen (figure 5). If there is flight 
data quality in the input file read by the algorithm, it 
is expected that a performance analysis is much 
more reliable with data produced by the developed 
algorithm than performing the same analysis using 
the points generated by the Cruise Performance 
Report. This superior input data quality of the 
algorithm is expected to be achieved if a subroutine 
is integrated to properly calculate the weight by 
making use, for example, of the fuel consumed.  
The latest aircraft systems, excluding the Airbus 
A330, have already into account the entire flight 
meaning that they do not report the first stability 
point but the one that throughout the flight has the 
best quality number. In the case of the Airbus A330 
these aircraft have a stability point’s generation 
system different from that used by the family of 
Airbus A320. The Airbus A330 report all stability 
points obtained using the same algorithm that 
generates the Cruise Performance Reports and the 
choice of the best stability point is made later. 
Thus, there was a comparison study between the 
points generated by the aircraft system and the 
ones generated by the algorithm under study. The 
aircraft chosen for this analysis was an Airbus 
A321.  
Before starting the analysis of these aircraft, the 
data files of some of the flights, were checked but 
not exhaustively. It was found that the longitudinal 
acceleration, FPAC (Flight Path Acceleration), 
showed a discrepancy regarding GS (Ground 
Speed), which was gradually presented. So, for all 
tests carried out subsequently, the FPAC value 
takes the analytically calculated value using the 
values of GS presented in the central 20 seconds 
of the considered stability period. 
In order to discover the data consistency it was 
necessary to obtain multiple stability points on the 
same flight for each system. As the Cruise 
Performance Report consists of only one stability 
point that meets the stability criterion imposed by 
the aircraft systems, the conditions in which this 
report is produced were recreated by the algorithm. 
In order to achieve this, it was used the tolerances 
required by Criterion 1 and compared the points for 
this criterion to the points obtained by Criterion 2. 
For this first analysis it was used a flight of an 
Airbus A321 from Lisbon to Paris (Orly). In this first 
approach the first ten stability points that were 
obtained with both criteria were analyzed by the 
APM. With the stability points selected by the 

procedure described above the performance 
results presented in Table 6 were obtained. 

 
Table 6 – APM analysis with Criterion 1 

Similarly, the same analysis was made for Criterion 
2 with data from the same flight. The results of the 
APM analysis using the stability points obtained by 
Criterion 2 are present in table 7. 

 
Table 7 – APM analysis with Criterion 2 

The most important parameters needed to check 
the aircraft performance are the DFFBM and DSR. 
For these two results the associated standard 
deviations were observed. The corresponding 
results are presented in table 8. 

 
Table 8 - Standard deviations of the results 

Analyzing the standard deviations of each one of 
these parameters obtained for each one of the 
performed analysis, it can be seen that the global 
degradation standard deviation, given by the DSR 
value, is greater for Criterion 2 (most restrictive) 
than for Criterion 1 (least demanding). Even though 
the opposite was expected, this is in fact true given 
that the calculation of the parameters depends on a 
variety of flight characteristics, not only regarding 
the engines, but also regarding the aerodynamics, 
the gross weight (or fuel quantity), the wind speed 
and direction, when these factors are considered. 
Opposing these facts, the standard deviation 
associated with DFFBM is inferior when analyzing 
the points from Criterion 2 comparing with the 
standard deviation with the points from Criterion 1. 
The DFFBM is a parameter associated with engine 
degradation and is supposed to maintain a minimal 
fluctuation during the whole flight and consequently 
it should have low variations from one stability point 
to another. For this parameter, the standard 
deviation associated with it is inferior using the 
stability points obtained by the Criterion 2. This 
might be a testimony that there is a greater 
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consistency in the data obtained by Criterion 2, 
because the standard deviation for DFFBM is 
inferior to the one obtained with Criterion 1. 
In order to understand the influence of this 
algorithm in the calculation of aircraft degradation 
three flights of the same A321 were analyzed with 
the studied algorithm and using the tolerances 
given in Criterion 2. To fortify the study of the 
algorithm, these flights were also tested without the 
data filtering application, and three stability points 
were obtained in the given condition. For better 
perception of the performed study, the following 
chart is presented (table 9). 

 
Table 9 – Studied flight information 

For each flight presented in table 9, more than one 
stability point were obtained given that the stability 
point with the better quality (lower quality number) 
occurred in the instant shown in the last row of the 
right side of this table. For each analyzed flight two 
output files were obtained by the algorithm, one 
with unfiltered data stability points and the other 
containing stability points obtained applying the 
data filter. Also, the influence of gravitational 
correction being present or absent was also taken 
in consideration because it would imply the 
introduction of other parameters in the APM input 
data. The additional data for gravitational correction 
are the true heading, latitude, wind speed and wind 
direction. The data is presented without 
gravitational correction but in the end it is 
performed a result comparison. 
In the following charts, the blue line corresponds to 
the stability point with the best quality number. For 
each one of the three flights three stability points 
were chosen, so they could be analyzed in the 
same APM analysis. 
The results for the stability points from Flight 1 are 
presented in table 10: 

 
Table 10 – APM results for Flight 1 

The data retrieved from Flight 2 is shown in table 
11. 

 
Table 11 – APM results for Flight 2 

Finally, for Flight 3, the APM analysis results are 
presented in table 12. 

 
Table 12 – APM results for Flight 3 

Presented in table 13 are the APM analysis results 
with gravitational correction. 

 
Table 13 – APM results with gravitational correction 

By the results given above (table 13) it is verified 
that the standard deviations of the relevant 
parameters – DFFBM and DSR – do not have 
significant differences when moving from a filtered 
data analysis to an unfiltered one. It is though 
perceptible that the absence of filter causes a slight 
result change. Many of the parameters that are 
recorded in-flight are undergoing external 
disturbances and this can cause some sudden 
discrepancies in the recordings which are difficult 
to reduce even with the filter application. 
As far as the gravitational correction is concerned, 
it does not make such a difference that would 
justify its use. Nevertheless, the obtained values for 
DSR are not equal in both situations which leads to 
the conclusion that the gravitational correction 
affects the result of the aircraft performance 
degradation, but not at a significant level. These 
different DSR values obtained with and without 
correction are shown in table 14. 
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Table 14 – Gravitational correction influence 

Besides the three studied flights, there were 7 
more flights that were subject to analysis (which 
raises the total analyzed flights to 10) which were 
all performed between May and July 2009. It was 
verified that there is not a considerable discrepancy 
in the instant of the stability point in which the 
Cruise Performance Report is generated and the 
stability instant detected by the studied algorithm. 
The aircraft used to make this study already has a 
system that pre-selects the stability point by the 
best quality number. 
To show this tendency the points generated by this 
aircraft system in the three flights were checked. In 
table 15 it is shown the results obtained by these 
stability points. 

 
Table 15 – Results comparison 

In table 15, the rows assigned as “DSR by 
algorithm” and “DFFBM by algorithm” correspond 
to the rows with values of DSR and DFFBM, 
respectively, obtained with the stability points with 
better quality identified by the developed algorithm 
for each one of the flights. For Flights 2 and 3 the 
DSR value obtained with the best stability point 
generated by the algorithm is superior to the one 
obtained by the stability point generated by the 
Cruise Performance Report, although in Flight 1 
the trend is inverted. What is to be expected from 
the algorithm is not to conclude that the 
degradation level of the aircraft is inferior or 
superior than the one reached by the method that 
is used now by analyzing the Cruise Performance 
Report, but to conclude that the degradation level 
is as realistic as possible. In order to achieve that it 
is necessary to have a significant sample of 
stability points sufficiently consistent. 
Then it was performed an analysis using a different 
approach. It is known that these flights were all 
performed in the same month so taking this in 
consideration they were performed in a short time 
span. Having this into account the aircraft 
degradation should not vary that much because all 
flights belong to the same airplane. If this does not 
happen it is due to an incorrect weight evaluation. 
Analyzing the rows related to the degradation level, 
there is a greater fluctuation in the DSR and 
DFFBM obtained by the Cruise Performance 
Report than in the DSR and DFFBM obtained by 
the algorithm. It is also observed that if there is a 
slight difference in the instant of the stability point, 
it causes differences in these two parameters. This 
tendency makes believe that the stability points 
obtained by the studied algorithm are made with 
more consistent data (just as it has been analyzed 
before) and beyond that, analyzing table 15 again, 
it is possible that they better indicate the real 
condition of the aircraft than the points from the 
Cruise Performance Report. Figure 6 shows the 

whole cruise phase for Flight 3 which occurred 
between 11:15 and 12:30. 

Figure 6 – Cruise phase for Flight 3 

Analyzing the figure above it is possible to identify 
a period with such characteristics that allows it to 
be identified as a stability period located in the time 
span between seconds 900 and 1800. In the graph, 
the second 900 relates to 11:30 and the second 
1800 to 11:45. 
The aircraft system generated a Cruise 
Performance Report at 11:35 while the algorithm 
identified the best stability period at 11:36 with a 
lower (best) quality number than the one 
associated with the period generated by the Cruise 
Performance Report showing better quality in the 
data given by the algorithm. This point given by the 
algorithm is shown in tables 12 and 13 as being 
point 1 of Flight 3 (also highlighted in blue). Table 
16 shows the quality numbers. 

 
Table 16 – Quality numbers 

The stability point indicated above generated by 
the algorithm was obtained with the most restrictive 
criterion, Criterion 2. 
From the studied aircraft, the Airbus A321, 17 
flights were analyzed which had Cruise 
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Performance Report available. The APM results for 
the stability points generated by Cruise 
Performance Report are shown in table 17. 

 
Table 17 – APM results with 17 Cruise Performance 

Reports 

The same analysis method used for Cruise 
Performance Report will be used for the greater 
quality stability points generated by the algorithm 
with filtered data. 
First of all it is verified that 7 of the 17 flights do not 
satisfy the stability criterion leaving only 10 that 
generate stable cruise points. Table 18 shows the 
results for an APM analysis having as input the 
stability points with the best quality number 
obtained for the 10 flights mentioned above. 

 
Table 18 – APM results with 10 stability points generated 

by algorithm 

Although these samples have a different 
dimension, it is verified that the standard deviations 
have close values even though there are 70% 
more flights in the first than in the second. For a 
better comparison the analysis will be performed 
specifically in the 10 flights that are common to 
these two samples. It should be noted that this 
comparison has its issues, since it is done a flight 
selection using the algorithm criterion that could 
never be actually verified. Table 19 presents the 
results obtained having points given by the Cruise 
performance Report of these 10 flights as input 
data for APM. 

 

 
Table 19 - APM results for 10 Cruise Performance Report 

Comparing the above tables it can be seen that the 
standard deviation associated with the DSR value 
is lower for the set of stability points obtained by 
the algorithm (0.609 <0.965) which does not 
necessarily mean a better quality of input data for 
APM. To assess whether there is a greater 
consistency of data we need to look at the values 
associated with DFFBM. The standard deviation of 
this parameter is higher with the data obtained by 
the algorithm than with the data points generated 
by the Cruise Performance Report. This situation 
was not expected since the points obtained by the 
algorithm presented always better quality number 
than those obtained by the Cruise Performance 
Report. One explanation for this is that the 
selection of flights to be eliminated has been done 
carefully. By increasing the number of samples of 
an APM analysis, the value of standard deviation 
decreases and making a random decrease in the 
sample the values of those deviations increase. At 
first sight 17 flights of the same aircraft were 
observed and this sample was reduced to 10 flights 
only. These two tests were performed with the 
Cruise Performance Report. As stated above, a 
random reduction in stability points should lead to a 
significant increase in standard deviations of 
DFFBM and DSR. For these two tests the standard 
deviations obtained are listed in Table 20. 

 
Table 20 – Standard deviations for DFFBM and DSR 

As shown by the values of table 20 with analysis 
for 10 flights it is obtained a standard deviation only 
slightly better than that for 17 flights. This small 
difference is justified by the fact that the reduction 
of the sample was made based on the results 
obtained by the algorithm in a study that includes a 
stability criterion more restrictive and therefore 
identified stability points only in 10 of 17 flights. 
That is to say that the reduction of the sample was 
not made in a random way but was based directly 
in a stability criterion more stringent. If this choice 
had not been carefully done the values of standard 
deviations in the 10 flights analysis would exceed 
the values of standard deviations obtained with the 
10 stability points obtained with the algorithm now 
developed.  
For this it can also help the fact that the data 
processed by the algorithm is different from that 
used to generate the Cruise Performance Report. 
One example is the fact that there are two readings 
of some parameters, and what will be considered 
will be the average of these two readings for the 
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APM calculation. In the case of the data file read by 
the program it states only one reading of these 
parameters which probably comes from a different 
source, since differences were identified between 
the data file and the values of the Cruise 
Performance Report, as shown below. Inspecting 
some data files, differences were observed in some 
parameters, such as the vertical velocity (IVV), 
flight path acceleration (FPAC) - value in 
disagreement with the one presented by the Cruise 
Performance Report as shown in Table 21 - and 
vertical acceleration (VRTG ) , this last one for the 
Airbus A320 studied earlier, yielded values always 
below unity suggesting a curvilinear cruise phase. 
The Mach number (MN) was also a parameter that 
has drawn attention because for the same flight 
was reported a Cruise Performance Report with a 
Mach number higher than all readings that have 
been done during the same period of time and 
recorded in the corresponding data file, suggesting 
an error of parameter extraction. Despite the less 
accurate VRTG reading having been detected only 
for some Airbus A320, together with other 
parameters, it is possible to conclude that there is a 
need to detect the sources of errors and eliminate 
them so that it can be processed data as reliable 
as possible. This is further work to be done as soon 
as possible to make this tool even more useful. It is 
expected that after these measures implemented 
the data obtained by the algorithm now developed 
will be even more consistent and have even of a 
better quality than those obtained by the Cruise 
Performance Report. 

 
Table 21 – Differences between values from Cruise 

Performance Report and stability point obtained by AGS 

7. Conclusions 

To help increase the operational efficiency of 
airlines, this paper seeks the development of a tool 

that is based on flight data from the reading station 
be able to identify stability points which are 
essential for determining the aircraft performance 
degradation. This tool is presented as an 
alternative to the current process that uses the 
Cruise Performance Report which has the known 
limitations. This algorithm identifies periods of time 
where parameters variations are within the 
tolerances allowed by the stability criterion 
considered and allows the selection of the best 
stability point (lower quality number) from among 
all stability points achieved. 
This algorithm was developed in C programming 
language and contains a set of optimal tolerances 
for the purpose of identifying periods with a 
fluctuation as low as possible. To evaluate the 
consistency of data several analysis were 
performed using the APM which were useful to 
conclude that the more tight tolerances are the 
more consistent are the parameters’ values from 
the corresponding stability points obtained.  
The results of the performance factor achieved 
despite the low standard deviations are higher than 
the degradation level currently under consideration 
and obtained from the Cruise Performance Report. 
These different values can be justified by the 
difference found in the parameters used to 
calculate the DSR, as the case of IVV, FPAC and 
the parameters related to the engines, including 
FF, EGT and N1. These distinct values are due to 
a number of factors that affect the preceding 
process of the use of the algorithm developed in 
this work and should be investigated in detail in a 
near future. Among these factors is the likely 
additional validation and filtering performed at the 
aircraft system which currently is unmatched in the 
suggested system, errors that can be consequence 
of a potential difference in accuracy of data as well 
as differences in the data recording method. 
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