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Abstract
Safety is a pillar of aviation. To ensure that aircraft are operated with a desirable level of safety

and the risk is reduced to an acceptable level, operators have a Safety Management System (SMS)
dedicated to managing the necessary structures, responsibilities, policies and procedures. Flight Data
Monitoring (FDM) falls within an operator’s SMS. FDM usually relies on graphical and statistical
analysis, but flight data animation, consisting of the representation of the flight data in a dynamic
visual format, can also be a powerful FDM tool. The objective of this work is to develop a flight data
animation tool based on X-Plane to be used at Portugalia. The animations are fed with data from the
airborne Quick Access Recorder (QAR). The parameters undergo a conversion process that creates a
file formatted according to X-Plane’s specifications. Then, the animations are run on the simulation
software, allowing for a thorough and immersive analysis of the events. It was found that these
animations reproduce the flight data as expected, although X-Plane presents some limitations in terms
of data input, which result in inconsistencies or simplifications. Nevertheless, the animations proved
useful in the analysis of events, as they provide a fast, efficient and dynamic medium to represent the

flight data.
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1. Introduction

The International Civil Aviation Organization
(ICAO) defines safety in Annex 19 to the Conven-
tion on International Civil Aviation as “the state
in which risks associated with aviation activities,
related to, or in direct support of the operation of
aircraft, are reduced and controlled to an accept-
able level” [1]. In order to make sure that level is
met, ICAO also stipulates, in Annex 6, that oper-
ators should implement a flight data analysis pro-
gram as a part of their safety management system
if their aircraft have a certificated take-off mass in
excess of 27 000 kg [2]. To assist operators in im-
plementing flight data analysis programs, ICAO has
also developed the Manual on Flight Data Analysis
Programmes (FDAP), which describes how an ef-
fective FDAP should be established to help airlines
achieve the required safety levels [3].

In Europe, the European law EU-OPS 1.037 pub-
lished in the Official Journal of the European Union
in 2008 defines and requires the establishment and
maintenance of a flight safety program, including a
flight data monitoring program in accordance with
ICAO Annex 6 [4]. In the United States, in 2004,
the Federal Aviation Administration (FAA) issued
the Advisory Circular 120-82 to provide guidance

on the development of Flight Operational Quality
Assurance (FOQA) programs, which are analogous
to the FDM programs in use in Europe, although
not mandatory [5].

Under the aforementioned legislation and doc-
umentation, airlines throughout the world have
been implementing flight data monitoring pro-
grams, with the purpose of achieving higher lev-
els of safety in their operations. These FDM pro-
grams employ quick access recorders to retrieve
hundreds of aircraft performance parameters and
provide easy and quick access to the data. The
proper contextualization and interpretation of this
information are fundamental to a profitable FDM
program, but also pose a challenge to safety de-
partments.

Flight data can be represented in a variety of dif-
ferent formats, particularly time-series graphs and
cockpit and aircraft simulations [3]. On the one
hand, time-series graphs are useful in the represen-
tation of the evolution of data over a period of time
and are advantageous to the numerical estimation
and prediction of trends and future data [6]. Never-
theless, they usually do not allow the visualization
of the interactions between different sets of param-



eters and are generally harder to interpret without
a context. On the other hand, modern flight sim-
ulating software that allows the input of external
data may prove to be useful in the visualization of
QAR data, because it allows the reconstruction of
a flight. This way, every event, warning and instru-
ment reading can be reproduced and interpreted in
its context. This type of technology can be used not
only by the safety department of airlines for data
monitoring purposes, but also by their training de-
partment to acquaint pilots with both typical and
atypical operations and also in crew debriefings to
review events during flights and the crew’s response
to them.

1.1. Objectives

The objective of this work is to develop a method-
ology that imports the QAR data into a flight sim-
ulation software, within the scope of Portugélia’s
Safety Department’s FDM program. The final
product is a program that receives QAR data, rear-
ranges it into a readable file by the flight simulator
and inputs that file into the simulation software to
allow the reconstruction and visualization of flight
data. In order to develop the desired product and
achieve the main goal of this work, the development
process follows the steps listed below:

1. Evaluation the QAR data frame, with the pur-
pose of determining and extracting the relevant
data to be imported into the simulation.

2. Analysis of the requirements of the simulation
software regarding the input of flight data and
the structure of the file containing that data.

3. Development of a methodology that routinely
converts the QAR data into a readable format
by the simulation software and loads it into the
program to run the flight simulation.

4. Validation of the developed process using test
cases, with data from actual flights performed
by the airline.

2. Background

A Safety Management System is, according to
Annexr 19, a “systematic approach to managing
safety, including the necessary organizational struc-
tures, accountability, responsibilities, policies and
procedures” [1]. ICAO issued the Document 9859
- Safety Management Manual (SMM), which pro-
vides a basis for the establishment of safety man-
agement systems in accordance with Annex 19. The
FDM program is part of an operator’s SMS.

Flight data analysis (FDA), also known as Flight
Data Monitoring or Flight Operations Quality As-
surance, is described by ICAO in Anner 6 as a
process in which flight data is analyzed with the

sole purpose of enhancing the safety of flight op-
erations [2]. A flight data analysis program must
be non-punitive and provide the means to periodi-
cally collect and analyze flight data in order to yield
information that can be used for improvement in
crew performance, training, maintenance and even
air traffic control purposes. According to the Man-
ual on Flight Data Analysis Programmes, the ob-
jectives of FDM are the following [3]:

e determine standard and non-standard behavior
in operations and anomalies in aircraft perfor-
mance, including hazard identification;

e identify trends in flight data and conduct pre-
dictive analysis;

e aid in event investigation, by comparing the
flight data with standard behavior and deter-
mining whether it is an isolated event or a sys-
tematic issue;

e suggest adjustments in operations and monitor
the efficacy of the applied changes;

e support crew training through Evidence-based
Training (EBT);

e enhance the economical efficiency of opera-
tions, due to the optimization of fuel consump-
tion and the cutback in avoidable maintenance
and repairs.

In order to implement an effective FDAP, an op-
erator must employ the proper devices to record,
download, process and store the data. On board the
aircraft, there are recording systems that continu-
ously capture and store hundreds of flight param-
eters. The best-known recorder is the Flicht Data
Recorder (FDR), used in accident investigation, but
its recording duration, recorded flight parameters
and ease of access to the data may be insufficient
for FDM purposes. As a consequence, non-crash
recorders such as the QAR are employed by oper-
ators to retrieve the necessary flight data for anal-
ysis. These recorders supply additional recording
capacity in terms of duration, number of parame-
ters and increased sampling rate. They also provide
an easy access to the data, through USB, memory
cards or wireless connections. Afterwards, the data
uploaded into the ground-based system is analyzed
using specialized software that processes the infor-
mation.

The transmission of data in an aircraft from
the sensors to the recorders is done through spe-
cific data buses, which depend on the manufac-
turer. Figure 1 represents the flight data flow in
the aircraft belonging to the Embraer E-jets family.
In these aircraft, the Honeywell Avionics Standard
Communications Bus, Version D (ASCB-D) estab-



lishes the communication between the aircraft’s
Modular Avionics Units (MAU) and the other sys-
tems. The MAUs feature data input and output
(I/0) modules. To communicate with the Dig-
ital Voice Data Recorder (DVDR), which is the
FDR in these aircraft, and the QAR, two types
of data buses using Aeronautical Radio, Incorpo-
rated (ARINC) standards are used: the ARINC
717 and the ARINC 429. These standards define
the data frames that carry the messages through
avionics data buses. The Custom I/O module in
the MAU 3 feeds the necessary flight data to the
DVDR through the ARINC 717 data bus and a copy
of this information is transmitted to the QAR. Sim-
ilarly, the Generic I/O module in the MAU 3 sends
additional flight data to the QAR through ARINC
429 data buses. In the QAR, flight data is stored
in a PCMCIA card working in continuous mode,
that is, when the memory is full, the oldest data is
overwritten with the new data [7].

ARINC 717
‘ DVDR

ARINC 429

MAU 3

Custom I/0

ASCB-D

Generic I/0 QAR

Figure 1: Data flow within the E-jets family aircraft
(adapted from [7]).

2.1. FDM at Portugiélia

At Portugdlia, FDM is performed by the Safety
Department, where flight data is gathered and ana-
lyzed and safety reports are issued. The FDM pro-
cedure is guided by the document P-DS-06 - Flight
Data Monitoring Procedure [8], which details all the
rules and steps that constitute the FDM program.

The flight data from an aircraft is recorded by
the QAR and stored in a PCMCIA card. The bi-
nary QAR files are uploaded into Analysis Ground
Station (AGS), a data management system used for
flight data analysis, which splits the data into indi-
vidual flights, computes statistics and the relevant
information about each flight, scans the data for
events and exceedances and then adequately stores
all the data. Then, one can choose a flight from the
database, analyze and compare the time evolution
of its parameters and view associated events.

Although AGS is the main FDM tool employed
at Portugdlia, the team also uses Google Earth to
visualize the path and the profile of a flight super-
imposed with the globe. In addition, labels and text
are shown in specific locations to identify events and
the sequential positions of the aircraft are connected

to recreate the flight path.

2.2. X-Plane as an FDM tool

Although the FDM procedures currently in use at
Portugélia are already thorough and effective, the
introduction of an animation software to aid in data
analysis was proposed, since this method can pro-
vide new perspectives on the evolution of the data
and the occurrence of events. As such, X-Plane 11
was chosen as the platform to reproduce and ani-
mate the flight data recovered from the recorders.

X-Plane 11 is a highly reliable, accurate and com-
plete simulator, as well as an adequate choice for
the development of this project. Not only does it
allow the use of a customized aircraft model corre-
sponding to the ones operated by Portugalia, it also
provides a wide library of airports that covers the
company’s operations and simulates flights as sim-
ilar to real life as possible, which is an important
asset in simulations used for flight data analysis.
Furthermore, X-Plane also offers the option to save
and replay flights. In particular, it is possible to
load data from a flight data recorder and recreate a
flight, provided that data is organized in a format
that can be read and processed by X-Plane. This
feature is especially relevant for the development of
this work, thereby motivating the choice of X-Plane
11 as the simulation platform for the animation of
the flight data.

3. Implementation

The data flow from an aircraft’s QAR to X-Plane
is represented in Figure 2. It shows that the data fed
to AGS by the QAR can be exported as a comma-
separated values (CSV) file, which then undergoes
data conversion to create the FDR file that is up-
loaded into X-Plane to run the simulations.

feeds data to exports data as

QAR AGS CSV file

i undergoes

Data
conversion

is uploaded into results in

X-Plane FDR file

Figure 2: Data flow from the QAR to X-Plane.

In order to develop an adequate data conversion
process, it is first necessary to analyze the data
frames on the AGS and X-Plane sides.

3.1. Analysis of the AGS data frame

Since over 2000 parameters are recorded every
flight by the QAR, it is necessary to choose which
ones to analyze. AGS provides the option to define
a parameter list and export the data from the pa-
rameters that are being analyzed into a CSV file,
a feature that is employed in the development of
this work. The period of the parameters written on



CSV file can also be defined and, for this work, a
period of 0.125s, corresponding to a sampling rate
of 8 Hz, was chosen. Figure 3 presents an excerpt
of an example CSV file exported from AGS, like
the ones meant to be used with the developed pro-
gram. Only a few lines are shown and some data
was omitted to fit in the page.

SAT_PIL,SAT_COP,SAT_FDC_CL,LONPC,LONP1,(...),DATE_R
vrrs3399235=0.9,,,,,,,,,,-0.61111,(...),,7.8,,0,,,,
yassssssssss,0.63,0.00,,11.92,,,,(...),36.42188,,,,
32.3027,38.8340, , ,55555555355-0.60356,(...) 55,555,
4ss5511.2002201,,,,,63,0.03,,,-0.03,(...),,,,555555
Sassrrrssssssss—0.60493,,,,,,,,,,,0.0000,(..
ys355,,0.66,0.00,11.98,,,,-0.07,,,,-20.4,(..
3528.75, ., ,55555,-0.599,112.50,,,,226.0,(...),,,,,
,,,11.2002,,0.0000,-27570.5,(...),00:00:00,23/08/20
yssss5,0.66,0.00,11.98,,,,-0.07,,-20.6,C...),,,,,,,
3528.75,,,,,55555,-0.60837,,112.50,(...),200,,,,,,,
,,,11.2002,,0.0000,-27570.5,(...),00:00:00,23/08/20

Dissas

Dssass

Figure 3: Example of a CSV file exported from AGS
containing the QAR data for the animations.

Additionally, it is also possible to define the ex-
ported files’” name. This work adopted a struc-
tured filename format based on an aircraft’s reg-
istration number, flight number, date and time,
which uniquely identifies a flight, because it bears
fundamental data to fill some of the fields present
in the FDR file structure. An example of the re-
sulting format is shown in Figure 4, where the four
parts that constitute the name are highlighted and
identified.

CS-TPT_TAP879A_20210820_101652.csv

Registration Flight

Date
number number

Hour

Figure 4: Format of the CSV files’ name.

The first step of the work was to evaluate the
data recorded by the QAR and available in AGS.
It is necessary to know the meaning behind the
values presented and exported from AGS, in or-
der to choose the adequate parameters to convert
the data into the FDR format. With this goal in
mind, the documents Parameter Report [9] and the
QAR Database Specification [7] manual were con-
sulted and the main findings are presented below.

e Each parameter is identified by a unique
mnemonic related to the type of information
it stores. For instance, information about the
selected heading is stored in the parameter
HEAD_SEL.

e The data from the captain’s and the first of-

ficer’s instruments is available under different
parameters.

e Both the units and the meaning of positive and
negative values are well defined for each param-
eter, when relevant.

e Some parameters also have upper and/or lower
limits, which are also defined in the aforemen-
tioned documents.

e Some data is discrete and the corresponding
parameters take values from a finite set of op-
tions. In AGS, the possible values of a param-
eter are represented by integer numbers and
each number has a specific meaning within that
parameter, which is defined to ensure the cor-
rect interpretation of the data.

e The parameters recorded by the QAR are sam-
pled at 0.25Hz, 0.5 Hz, 1 Hz, 2 Hz, 4 Hz or 8 Hz.
This information is specified for each parame-
ter and is an important factor when choosing
the period of the data written in the FDR file.

e The bus source of each parameter - ARINC 717
or ARINC 429 - can also be found in the QAR
data frame.

3.2. Analysis of the X-Plane FDR data frame

As previously stated, X-Plane is capable of load-
ing data from real flights and replay them in a sim-
ulation. The flight data input file format is called
Flight Data Recorder and its file extension is . fdr.
X-Plane FDR files are plain text files, but they are
structured in a specific way, which allows the simu-
lator to properly identify to which parameter each
value refers.

There are several different fields allowed in an
FDR file. The first word of each line is a four-
letter code that identifies the type of information
conveyed by that line of the file, including aircraft
model, tail number, time and date of the flight,
among others. The lines that contain the actual
flight data to be reproduced by the simulator begin
with the word DATA, each line corresponding to a
time instant. They hold a total of 79 parameters in
a structured fashion, although some of them appear
more than once for multi-engine aircraft. A total of
118 values are written in each DATA line. The flight
parameters to be included in these lines, as well as
their order, are also fixed and defined by X-Plane.
All data is numeric and the values are separated by
commas. If the original QAR data does not include
a particular parameter, the fields must be populated
with a dummy value, such as 0.

Every single line must end with a comma, except
DATA and COMM lines, and they can appear in any or-
der, with the exception of the TAIL line, that must



come after the ACFT line. The lines PRES, TEMP and
WIND represent an oversimplification of what hap-
pens in a real flight, because sea-level pressure, sea-
level temperature and wind during the flight are
all volatile parameters that can change instanta-
neously. This format does not account for those
possible changes and instead considers these values
constant.

At the beginning of the file, before any flight in-
formation, two additional lines are written. The
first line either shows A’ or 'I’, referring to Ap-
ple or IBM carriage returns, respectively, ensuring
the software properly manages the document. The
second line must be '2’, in reference to the version
number of the FDR format.

An example FDR file is shown in Figure 5, with
some data omitted in the DATA lines to fit in the

page.

A

2

ACFT, Aircraft/Embraer E195 v2.5 - TAP/E195.acf,
TAIL, CSTPT,

DATE, 20/08/2021,

TIME, 10:16:52,

PRES, 29.92,

TEMP, 59,

WIND, 0,0,

DATA, O, 17, -9.206, 38.65, 2685.0, (...), 0, O,
DATA, 1, 17, -9.206, 38.651, 2668.0, (...), 0, O,
DATA, 2, 17, -9.205, 38.652, 2653.0, (...), 0, O,
DATA, 3, 17, -9.205, 38.652, 2638.0, (...), 0, O,
DATA, 4, 17, -9.204, 38.653, 2623.0, (...), 0, O,

Figure 5: Example of an X-Plane FDR file contain-
ing the formatted data to be used in the animations.

3.3. Conversion of the AGS data to FDR format
After analyzing the two implicated data frames,
the next step is to determine which parameters of
the AGS data correspond to the parameters in the
FDR files. To do so, the Parameter Report [9],
the QAR Database Specification [7] manual and the
AGS Method for Database Programming [10] man-
ual, which list all the available parameters provided
by the QAR and AGS at Portugélia, were used. The
list of required parameters, available in X-Plane’s
Knowledge Base [11], was used in this step of the
work, to navigate the numerous parameters in the

QAR data frame.

After determining the correspondence between
the parameters on both sides, the conversion al-
gorithm was developed. Some of the parameters
were similar in both data frames. However, most
required some form of manipulation, namely unit

conversion, nondimensionalization and comparison
with other parameters. The conversion process was
implemented in Python, due to the language’s data
management and analysis capabilities. The algo-
rithm is divided into three main parts: initializing
the variables, converting the parameters and writ-
ing the FDR file.

Variable initialization consists of the creation of
the variables that will store the data in the com-
puter’s memory. Each parameter that populates
the DATA lines is stored in a list containing all its
values from the beginning of the flight until its end,
with a sampling rate of 8 Hz. Therefore, and for
organization purposes, all variables are initialized
before starting the conversion process.

Afterwards, the CSV file exported from AGS is
opened and read using Python’s pandas library,
which includes a function that reads a CSV file
and transforms the data into an organized table
called DataFrame, similar to an Excel sheet, where
each column corresponds to a parameter and each
line to an instant in time. Sometimes, there may
be errors that make a parameter’s column in the
DataFrame fully empty. Thus, all such columns in
the DataFrame are dropped and deleted, so they do
not interfere in the conversion process. Then, the
length of the DataFrame is retrieved, informing of
how many instants of time were recorded in that
flight. Afterwards, the DataFrame containing all
the data from AGS is used to extract the necessary
information to fill the FDR file.

The title of the CSV file also provides informa-
tion to build the FDR file. Because the format of
the CSV files’ name is constant, the conversion soft-
ware can read it to extract information regarding
the flight. Taking this into consideration, the reg-
istration number of the aircraft, the date and the
hour of the flight included in the CSV name are
respectively used to fill the TAIL, DATE and TIME
fields in the FDR file. Additionally, the FDR file is
named after the CSV file from which it is created,
for coherence.

Regarding the ACFT line, which defines the path
within the X-Plane folder for the aircraft model to
be used in the simulation, an E-195 model devel-
oped by X-Crafts was downloaded, as well as Por-
tugalia’s livery for the model. Therefore, this line
shows the path for this model’s files inside the X-
Plane folder. Additionally, the PRES, TEMP and WIND
lines are also included in the FDR file. However,
because they take constant values throughout the
entire flight, they do not faithfully represent what
happens in a real flight, where wind and sea-level
pressure and temperature are constantly varying in
time and space. In the FDR file, the TEMP and WIND



lines are set 59 ° F and 0kt and 0°, respectively, but
the pressure at sea-level is defined as equal to the
barometric pressure dialed into the altimeter during
that part of the flight.

After all the parameters are computed and the
variables are all set, the information is written in
the FDR file, using Python’s built-in file writing
function. Although the CSV data is sampled at
8 Hz, the data in the FDR files is written with a
sampling frequency of 1 Hz, to reduce continuity er-
rors in the parameters with an original sample rate

of less than 8 Hz.

3.4. Parameter calculation

The data that comes from the QAR is sampled
at various rates and samples from different param-
eters can be acquired at different instants in time.
This means that the data in the CSV file - and,
consequently, in the DataFrame - has empty spaces
between every two measurements, if the sampling
rate is lower than 8 Hz. Also, the time instant at
which the first value is recorded varies with the pa-
rameter and is not necessarily at 0s. Therefore,
data must be adequately manipulated to account
for these situations. The generic algorithm that
reads the DataFrame columns and sets the vari-
ables with the data to be written on the FDR file
is represented by the flowchart of Figure 6. In this
figure, aux_var is a variable that is updated every
time a new value is found when iterating a column,
ctrl_var is used to determine whether the first
value in the column has been found and num_data
indicates the number of instants of time recorded in
the CSV, which corresponds to the number of rows
in the DataFrame.

Since the CSV file is written with a sampling rate
of 8 Hz, the variables containing the data to be writ-
ten on the FDR file will also be sampled at 8 Hz,
even if their corresponding parameters have lower
sampling rates. In these cases, the empty spaces be-
tween two consecutive samples have to be replaced
with some value, in order to set the variables cor-
rectly. This process corresponds to the section in
the blue rectangle in Figure 6. The algorithm iter-
ates through the selected DataFrame column and,
at each time instant, if it finds a value, it uses it to
compute the value that will be written in the FDR
and saves the resulting value in an auxiliary vari-
able (aux_var). If, on the other hand, the cell is
empty, aux_var keeps its previous value. In either
case, in every iteration the value of aux_var is ap-
pended to the end of the list, so that all lists have
a length equal to num_data. This process goes on
until the last recorded time instant is reached.

It was also pointed that the first measurement
may not necessarily be recorded at 0 seconds. The

ctrl_var = False
aux_var =0

Column exists
in DataFrame?

Yes |

No
i <num_data?
Yes
Does the cell
contain a value?
Yes

Read value, do the necessary
computation and set aux_var

ctrl_var = False?
Yes

ctrl_var = True

Fill the list with dummy value

Replace values from begining of the list
until first valid entry with aux_var

e
»€

Y

Append aux_var to the list

> Stop

Figure 6: Flowchart of the algorithm that sets the
variables with the parameters used to fill the FDR
file.

red block in Figure 6 corresponds to the part of the
algorithm where this situation is addressed. A pre-
viously stated, the variable crtl_var is a boolean
that is initialized as False and receives the value
True once the fist value in a column has been
reached. Until then, the value 0 is appended to
the list. As soon as the first value in the column
is found, all the previous entries in the list are re-
placed with that value.

The generic algorithm used to calculate all the
parameters in the FDR file represented in Figure 6
was adapted to the requirements of each parameter.
For instance, if there is no information available on
the DataFrame regarding a specific parameter, its
list is filled with a dummy value, usually 0. How-
ever, if more than one column in the DataFrame
provides information for a parameter, the existence
of that column is tested and the conversion algo-
rithm is applied before resorting to filling the list



with dummy values. This is done because, in an
aircraft, more than one sensor may be measuring a
parameter or the values may be conveyed through
different data buses or they may be recorded at dif-
ferent sampling rates, originating several entries in
the QAR that record information about the same
parameter of the flight. Nevertheless, in some cases
it is useful and more robust to use more than one
available column to compute a parameter, in which
case a function merges all available data. This func-
tion verifies which columns are available and com-
putes their average value in case more than one
source of data is available.

Finally, the data that comes from the CSV file
is discrete, but the parameters it represents can be
either discrete or continuous. For example, the lat-
itude and longitude of an aircraft are in fact contin-
uous in time and space, but they are sampled when
recorded by the QAR. When writing their values
in the FDR, it was noted that there were continu-
ity errors, introducing jumps in the position of the
aircraft in the simulations. This was due not only
to the natural noise in readings but also to sen-
sor resolution and the computation process previ-
ously described. To solve this problem, a Savitzky-
Golay smoothing filter was applied to the continu-
ous parameters, in order for the simulations to be
smoother and more accurate. The Savitzky-Golay
is a digital filter that fits subsets of adjacent points
to a polynomial of a defined degree, using the least-
squares method [12]. In this project, the data was
smoothed using windows of 10 seconds and second-
degree polynomials. It was found that these param-
eters smoothed the data in a satisfactory way, while
also keeping it faithful to the unprocessed data that
originated it.

4. Results

After the data conversion is performed and the
resulting file is automatically saved to X-Plane’s
folder, the simulator can be launched to replay the
flight. In order to validate the animations, two
events were analyzed, using data from two flights
performed by the company: a go around and a lo-
calizer deviation.

Go Around

A Go Around is a maneuver performed when the
crew decides not to continue an approach, when it
is deemed not possible to continue the approach to
a successful landing [13]. According to the com-
pany’s Standards and Operating Practices (SOP),
a go around must be performed under certain cir-
cumstances, such as an unstable approach, the ob-
struction of the runway or the absence of a land-
ing clearance, among others. The SOP manual de-
fines the sequence of actions to be taken during a

go around.

The go around that was chosen to analyze hap-
pened during an approach to runway 03 at Lisbon
airport. The Air Traffic Control instructed the crew
to discontinue the approach at around 200 ft above
aerodrome level because another aircraft that had
just landed was slow to exit the runway. As a re-
sult, the crew performed a go around according to
the company’s SOP and landed successfully after
a few minutes. Figure 7 represents the path de-
scribed by the aircraft during the two approaches
and go around, as seen on Google Earth.

Figure 7: Top view of a go around during the ap-
proach to Lisbon represented on Google Earth.

The study of a go around includes the analysis of
the altitude, the status of the autopilot and auto-
throttle, the vertical speed, the engaged modes, the
TO/GA button, the thrust, the landing gear and
the flaps during the event. In this specific case,
the analysis showed that the go around was fully
performed according to the company’s standards.

The analysis performed so far can be comple-
mented by the visualization of the event through
an animation. It shows the exact location where
each step of the two approaches and go around took
place, enabling a dynamic analysis of the sequence
of events. The animation shows that, during the
first approach, the aircraft is fully configured to
land and the approach is stable according to the
standard procedures at the company. Then, some
meters before reaching the runway threshold, the go
around is initiated. At this instant, the instrument
panel indicates that the approach mode becomes
armed and the rotational speed of the engines (N1)
is increased to TO/GA values - around 80% - once
the go around is initiated. As the aircraft starts
climbing, the landing gear is retracted and the flaps
are cleaned. These actions are displayed in Figure
8. Then, the aircraft describes the go around tra-
jectory without any relevant event or irregularity
and attempts a second approach to Lisbon airport.



This second approach is stable and culminates in a
safe landing.

(a) Retraction of the landing (b) Retraction of the flaps.
gear.

Figure 8: Retraction of the landing gear and the
flaps after initiating the go around.

Localizer deviation

The localizer is a system that provides lateral
guidance relatively to the runway axis, during an
approach. The deviation of the aircraft from it
is shown on the instruments in dots. When the
aircraft is aligned with the runway, the deviation
equals 0 dots. A localizer deviation occurs when
the aircraft is not aligned with the runway during
the approach. It can happen when the aircraft is
capturing the signal from the LOC or after the sig-
nal capture if, for any reason, the aircraft deviates
horizontally from the intended path.

The localizer deviation that is analyzed in this
section happened during an ILS approach to runway
06 at Amsterdam Schiphol Airport, due to repeated
disconnections of the LOC lateral mode, which re-
sulted in deviations from the glidepath. Subsequent
FDM analysis showed that the event culminated in
a stable visual approach, because it was not possible
to successfully conduct the initially cleared ILS ap-
proach. The trajectory of the aircraft is represented
in Google Earth in Figure 9.

avigarion in the i1
intermediate apch segmen s

Figure 9: Localizer deviation during the approach
to Amsterdam represented on Google Earth.

In the analysis of this event, AGS was used with
the purpose of determining the exact localizer de-
viation throughout the approach, the actual and
selected heading, the active autopilot modes, the

altitudes at which the events occurred and other
relevant numerical data. Although the graphs from
AGS and the trajectory observed in Google Earth
are enough to analyze this event, the analysis can
benefit from an animation, because one can not only
observe the evolution of the active and armed au-
topilot modes, but also the movement of the aircraft
throughout the approach and landing. An image
from the animation of this event is reproduced in
Figure 10.

(a) Cockpit view. (b)

Primary
Flight Display.

Figure 10: Still image from the animation of the
localizer deviation in Amsterdam.

The animation shows that the approach is ini-
tiated with the HDG lateral mode active and the
LOC and G/S armed (Figure 10). The autopilot
and autothrottle are engaged, although the state
of the autopilot is not visible in the animations,
as there is no field regarding this parameter in the
FDR file structure. As the aircraft approaches the
glidepath from the left, the localizer signal is cap-
tured and the LOC mode is engaged - represented
by the green letters that read “NAV” - but he
aircraft starts turning left, deviating form the in-
tended path. After a few seconds, the crew engages
HDG once again and corrects the aircraft’s trajec-
tory. With the approach mode armed, the aircraft
captures the LOC mode again, only to start turning
left, deviating once again from the glidepath. Due
to this misbehavior, the crew corrects the trajectory
with the HDG mode active and then disengages the
autopilot and flies a manual approach, which is per-
formed safely. It is also worth mentioning that the
artificial horizon does not follow the bank and pitch
angles of the aircraft, because there is no informa-
tion about this instrument on the FDR input file.

4.1. Comparing the three analysis methods

The two examples studied show that each one of
the three analysis methods has its own advantages
and they complement each other, as they represent
the same data under different formats.

On the one hand, the graphical analysis done
with AGS provides the most accurate and math-
ematical perspective, because numbers and data
are directly accessed and analyzed using time-series



graphs. This is the most adequate method to ex-
amine the evolution of each parameter throughout
the flight. It is also particularly useful to analyze
parameters that are usually not accessible by the
crew and in providing the value of any parameter
at any given instant in time. This method is also
an important tool to establish the magnitude and
duration of events and exceedances, which is funda-
mental in activities such as determining whether a
maintenance task is required. Graphical analysis is
the preferred method to analyze events such as high
speed approaches, high rates of climb and descent,
and landing gear and flap exceedances.

On the other hand, visual methods such as the
geographical analysis supported by Google Earth
and the animations are useful at contextualizing the
events, although the data is not as accessible as in
time-series graphs. These methods focus on show-
ing the surroundings of the aircraft, the interaction
of the crew with the instruments, and the flow of
actions performed in a particular period of time.
The greatest advantage of representing the flights
on Google Earth is that it is possible to analyze the
trajectory of the aircraft and compare it with a ref-
erence path or set of positions. One can also add
the navigation charts corresponding to the portion
of the trajectory that is under assessment. This
is an important asset for the analysis of glidepath
deviations, such as the localizer deviation studied.
The analysis of taxiway and runway incursions also
benefits from this method.

Unlike the static representation of the trajectory
of the aircraft on Google Earth, animations show
the flight in a dynamic medium, combining two
characteristics of the aforementioned analysis meth-
ods: the ability to contextualize the events, like in
Google Earth, and the possibility of assessing the
evolution of parameters during the flight, like in
graphical analysis. The analyst can visualize the
flight from different perspectives, manipulate the
time and speed of the animation, observe the evo-
lution of the information shown on the instruments
and analyze the events from a pilot’s point of view.
One can also draw conclusions about the flow of ac-
tions performed by the crew and the aircraft. These
features are what makes animations such versatile,
complete, powerful and innovative analysis tools.

Despite the observed advantages, the animations
produced with the method developed in this work
naturally have some limitations and inconsistencies
with what would be expected during a real flight.
Some of these may be solved with further devel-
opment and analysis, but others are rooted in the
characteristics of the simulation software. Some
limitations of these animations are listed below.

e Some instruments do not behave as expected
in the animations. For instance, the artificial
horizon does not reflect the movement of the
aircraft. This is the case for other instruments
and parameters too, such as thrust reversers
and spoilers, and it is due to the fact that they
are not considered in the FDR file format.

e Due to the limitation pointed in the previous
paragraph, the animation always initiates with
a master warning - FUEL PRESSURE LOW.
This happens because there is no information
about the fuel pressure and the software as-
sumes that it is 0. However, the warning can
be turned off by clicking on the corresponding
button on the instrument panel.

e Aircraft are equipped with redundant systems,
sensors and instruments. In the animations,
however, there is no distinction regarding these
various data sources and, therefore, there is no
redundancy.

e Control surfaces are often divided into smaller
portions, each one associated with a parameter
in the QAR data frame that measures its de-
flection. However, in the FDR file, their deflec-
tion is represented by a single value. Although
these smaller surfaces usually move harmo-
niously, this representation is not the most ac-
curate, as it considers each surface as a whole.

e In addition, surfaces may not always deflect
symmetrically, which is the case of the ailerons.
In this work, this was simplified to con-
sider only symmetrical small-angle deflections,
which may not be fully accurate in the case of
higher angles.

e Furthermore, there is no way of determining
which member of the crew performed each ac-
tion, as their interactions with the instruments
are not included in the FDR file.

5. Conclusions

The overall goal of this work was to develop a
method for flight data reproduction in a simulation
software. The resulting product will be used at Por-
tugalia within the scope of the Safety Department’s
activities, namely in the analysis of events, as a part
of the FDM program.

At the moment, FDM is performed at Portugélia
using two tools: AGS for graphical data analysis
and event detection, and Google Earth for geospa-
tial analysis. The animations bring a new dimen-
sion to these analysis, as they provide new perspec-
tives of the data, namely the pilots’ point of view.
The retrieval of the data for FDM is done with
Quick Access Recorders, small data recorders, with
large storage capacity and easy to access. The an-



imations developed in this work also use data from
the QAR. With the purpose of determining the nec-
essary QAR parameters, the data frames on both
the QAR and the X-Plane sides were analyzed.

The X-Plane FDR data frame was first reviewed
and compared to the available parameters on the
QAR. After choosing the QAR parameters for
each FDR entry, taking into account the necessary
conversions and computations, the algorithm that
builds the FDR file was developed.

Afterwards, the animations were validated using
data from flights operated by Portugalia. A go
around maneuver and a localizer deviation event
were reproduced. It was determined that the ani-
mations confirm the analysis performed with AGS
and Google Earth, but provide a more in-depth and
immersive perspective of the events. They also help
contextualize and explain events in a quick, efficient
and dynamic way, as text and graphs are often too
reductive.

In conclusion, the four objectives established for
this work were fulfilled: the QAR and X-Plane’s
data frames were examined, the conversion process
was successfully developed and the animations were
validated using flight data from the airline. The
main goal - developing the method for flight data
reproduction - was, therefore, also met, and the an-
imations will now be used at Portugélia to support
FDM and other related activities at the company,
such as crew training.
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