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1. Abstract 

The State of The Art in Operating Systems and new human machine interfaces are moving forward 
quickly. Flight Test Data Processing Department has developed new tools for monitoring Flight Tests 
using new computer technologies like .NET virtual machines, “on-the-fly” compilation, intelligent 
behavior, multi-touch capabilities and high performance vector graphics libraries. 

 All these new techniques allow to the user to optimize the Flight Tests reducing the time for 
take decisions, helping to make complex calculations in real time and adapting the visualization 
displays to FTE requirements in real time. 

Key words: Flight Test, Data Processing, Monitoring, Expert Systems, Automatic Maneuver 
Detection. 

2. Introduction 

25 years ago only a few hundred parameters 
were monitored during the Flight Test 
Campaign. Today, the A400M Flight Test 
Program monitors over 200,000 parameters in 
real time. With the evolution of computers, flight 
tests should improve productivity per flight hour. 
With the improvement of processors 
performances and the parallel computing and 
the new human-machine interfaces it’s possible 
to regenerate and develop graphics 
representations previously unthinkable. 

Flight Test Data Processing Department in 
Airbus Defence and Space establish to use the 
top of the technologies for the test 
optimizations. For that reason, software 
developers inside Flight test have attempted to 
establish alternative forms of visualization and 
interaction with the information in real time. 

Through this document new ways of monitoring 
and the basis of the development will be 
explained.  

2.1. New ways of Monitoring 

Since last years it is possible to manage tactile 
portable devices like mobile phones, tablets 
and laptops with multi-touch capabilities. 
Besides, operating systems support these new 
interfaces and ways of interaction. The best 
known examples are Android, Microsoft 
Windows 8 and iOS platforms. 

Flight Test Spain in Airbus Defence and Space 
uses Microsoft Windows technologies based in 
the .NET Framework and High Performance 
graphics libraries like vgdotnet[1] and Lightning 
charts[2]. 

For that platform, following new techniques has 
been developed: 

• Behaviour Code. Designed to give the 
user the capability of changing the 
behavior of a display in real time. 

• Smart Objects. New kind of monitoring 
tools that give the user the capability of 
make complex calculations and aid to 
take decisions. 

• Document Oriented Monitoring and 
Analysis Tool (DOMA) have been 
designed to give capability to fulfill 
digitalized documents in real time. 
Acceptance Manuals, check-list and 



	 etc2014 - 34. European Telemetry and Test Conference	 53

DOI 10.5162/etc2014/3.3

o
e

2.2. Beh

In many
requires 
monitorin
last min
clear for
standard
must req
the imple

Behavio
of the di
means o
can cha
(color, 
compilab

Fig. 1.

Dynamic
that allo
code tha
Users 
develope
The Be
through 
.NET fra

CodeDO
This prov
nodes, n
in the f
hierarchy
namespa

other cros
examples of

haviour Cod

y cases Fli
little chang

ng screen be
ute modifica
r him to hav
d way of wo
quire to Softw
ementation.  

ur code allow
isplay on the
of a property 
ange others

HighDange
ble C# code.

. List of prope

c code exec
ows applicat
at is not com
can custo

ers can dyna
ehaviour  C

Dynamic Co
amework. 

OM is Code
vides a grap
not of a pictu
form of a 
y of ne
aces contain

sscheck pr
f documents 

de

ight Test E
ges in the 
ecause a mi

ation or beca
ve different b
ork, Flight T
ware develop

ws to change
e execution e
of the objec

s properties 
er, scales..

erties for a mon

cution is a p
tions to be 
mpiled into t
omize app
amically upda
Code Proper
ode Using C

 Document 
phical (in the 
ure) represe
tree. This 
ested cod
n classes, c

ocedures
digitalized. 

Engineer (FT
bevaiour of

isunderstand
ause it is m
behaviour. In
Test Enginn
per a change

e the behavi
environment

ct. That prope
of the obj

...) using 

nitoring object

powerful feat
extended w

the applicati
plications a
ate code eas
rty is possi

CodeDOM[3]

Object Mod
sense of gra

entation of co
represents 

de elemen
classes cont

are 

TE)
f a 
d, a 
ore 
n a 

ners
e in 

our 
t by 
erty 
ject 

a

t

ture 
with
ion.
and 
sily.
ible 
for

del.
aph
ode 
the
nts: 
tain 

me
de

.N
is
se
su
Inf
Wi
co
Sy
Mi
na
fin
eit
ne
the
on

Th
dy

ethods, an
clarations. 

2.2.1.C

ET provides 
a CPU- and
t that can b
pporting 
frastructure[4
indows, or th
de genera

ystem.CodeD
crosoft.CSha
mespaces. I
d the tools th
her to disk 
ed the Refle

e tools to in
ce you've co

he process 
namically inv

1. Create
execut

2. Wrap 
assem
names
comma
that is 

3. Compi
assem

4. Check 
5. Use th

an inst
6. Call t

instanc
Reflect

7. Handle
method
type

d methods

Compiling c

powerful ac
 platform-ind

be executed 
the Co

4] such as t
he cross-pla
ation proc
Dom.Compile
arp and M
In these nam
hat allow to c
or into me

ection name
voke an obj

ompiled the o

to generate
volves the fo

e or read in t
ted as a strin
the code 
bly source c

space re
ands), a nam
to be invoke
le the sou
bly 
for errors on

he assembly
tance of the o
the specifie
ce referenc
tion
e any retu
d call by ca

s contain 

code on-the-

ccess to the 
dependent in
 in any env
mmon L
the .NET ru
atform Mono 
cess throu
er
Microsoft.Vis
mespaces is
compile an a

emory. There
espace as it 
ject and its 
object. 

e and execu
ollowing steps

the code tha
ng
into fully f
code, which 
eferences 
mespace and
ed
urce code 

n compilation
y reference 
object

ed method 
ce returned

urn value f
asting into th

variable 

-fly 

CIL (CIL 
nstruction 
vironment 
Language 
ntime on 
runtime) 

gh the 
and 

sualBasic 
 possible 
assembly 
e is also 
contains 
methods

ute code 
s:

at is to be 

functional 
includes 

(using 
d a class 

into an 

n
to create 

on the 
d using 

from the 
he proper 



	 etc2014 - 34. European Telemetry and Test Conference	 54

DOI 10.5162/etc2014/3.3

Fig. 2. B

Besides,
more lo
System.
CIL leve

2.3. Sm

For the
significa

verify the
that task
Aircraft 
contains
procedu
complete

In a ge
complex
flight pha
repetitive
of the co

One exa
the FTE
stabilizat
on the v
the linea
and in th
following

•

BehaviourCod
code

, if it would 
ow level it
Reflection.E
l code direct

art Objects 

e Production
nt the numbe

e proper ope
k the Air Cre
Test Manua

s all the 
res and 
e the test.  

eneral case
x calculation
ase, an aircr
e computatio
orrect aircraft

ample of com
E needs m
tion. The cri

vertical differe
ar regression
he last samp
g parameters

MACH (Spee

de property allo
e dynamically

be necessa
t’s possible
mit namespa
tly.

n Aircraft 
er of flights a

eration of th
ew must follo
al (PATM). 

test point
maneuvers

e, is neces
s in order 
raft condition
on and gene
t operation. 

mplex calcu
maneuvers 
teria of valid
ence betwee
n (least squa
ple of the tim
s:

ed)

ows to genera

ary to get ev
e to use 
ace to gener

Test it’s v
assigned to 

e systems. 
ow a Product
This docum
ts, operatio

needed

ssary to ma
to identify

n or calculat
erate evidenc

lations is wh
with previo

dation are ba
en the values
ares) in the f
me slice for 

Fig. 3. Sma

ate

ven 
the

rate 

very

For 
tion

ment 
ons
for

ake
the

te a 
ces

hen 
ous
ase
s of 
first 
the

A M
res
the
aid
de
cri
da

Ev
sta

ob

art Object for S

• SAT (A

• ALT (A

• EGT (E

• Others

Manual dete
sponsibility o
e intuition an
d of a sma
tection base
teria of valid
ta from the p

very single o
atus and wa

ject operatio

2.3.1.S

• ST
sta

• ST
sto

• RE
init

2.3.2.S

• RU
the
run

Stabilizations

Ambient Tem

Altitude)

Engine Temp

s

ction if stabi
of the quality 
nd expertise
rt object the
ed in the ru
ation every 1

previous 3 m

object contai
arnings that

ons in real tim

Smart Objec

TART Aut
arted.  

TOP Aut
opped and da

ESET  Re
tial status, de

Smart Objec

UNNING  
e componen
nning automa

mperature)

perature) 

lization deleg
 of the stabil

e of the FTE
ere is an a

ule of calcul
10 seconds 

minute

ins a set of
t manage th

me.

cts Buttons 

tomatic tas

tomatic tas
ata are not d

eset the comp
eleting all da

cts Status 

Indicate
nt is activa
atic tasks.  

gates the 
lization in 
E. By the 
automatic
ating the 
using the 

f buttons, 
he smart 

sks are 

sks are 
deleted.  

ponent to 
ata.

es that 
ated and 



	 etc2014 - 34. European Telemetry and Test Conference	 55

DOI 10.5162/etc2014/3.3

•

•

2

•

•

  When a
starts to 
and whe
suggests
results.  

Another
Object 
generate
generate
on board

Additiona
and arch
in a Dat
to gene
the DOM

2.4. DO

• FINISHE
the com
suggests

• STOPPE
the com
and all ta

2.3.3.Smart

• OK  
have b
checks a

• NO OK  
have be
them hav

a componen
perform the

en all the co
s user OK o

r feature im
architecture

es results. T
e evidences 
d.

Fig. 4. Smar

ally, Flight T
hitecture for 
tabase. From
rate a PATM

MA Applicatio

MA

ED   I
mponent is 
s a result.  

ED   I
mponent has 
asks are stop

Objects Su

indicates
been perfor
are OK.  

indicates
en performe
ve any probl

nt is activated
e programme
omputations 
r NO OK de

mplemented 
e is the 
This facilitat
and automat

rt Object Outp

Test Means 
gathering re

m this datab
M documen
on Framewor

ndicates t
finished a

ndicates t
been stopp

pped.  

ggestions 

s that all tas
rmed and 

s that all tas
ed and some
em.

d (RUNNING
ed computati

are finished
epending on 

in the Sm
capability

es the FTE
tic reports ev

put File 

has develop
esults and st
ase is possi
t fulfilled us
rk. 

that
and

that
ped

sks 
all 

sks 
e of 

G) it 
ion, 
d, it 
the

mart
of

E to 
ven

ped 
tore 
ible 

sing

Do
a
Ta
us
do
air
au

Sta
to
us
ide
as
ch
as
the

Th
ste

ocument Orie
Framework

agged Word 
e of paper 
cuments use

rcraft parame
tomatic syste

arting from a
read the d

ing a strict 
entify the ki
sociated wi
eck-box, bo
sociated to p
e Smart Obje

Fig. 5. DOMA

he overall pr
eps: 

• The W
accord
order t
to each

• DOMA
docum
Databa

• Before
informa
the Di
manag
mode.
format

• During
and sto

• Once 
can be

• FTE
Docum
tests n

ented Monito
k developed
document. T
on board. T
ed for taking
eter resul m
em.

a Word docu
ocument tha
labeling m

ind of para
ith each to

oxes for val
parameters f
ects calculati

A Document m

rocess cons

Word Docu
ding a Tagg
o know the p
h element of 

A on groun
ment and stor
ase.

e the test the
ation in a T
gital Docum

ge the docum
The docum

 the Test, t
ored in the ta

the Test hav
e sent to Data

can rege
ment with th

eeded for fill

oring and An
d for digita
The idea is a
That implies 
g notes and 

must be writte

ument, DOM
at has been

method whic
meter that 
oken. For 
lues and ta
from FTI or 
ions. 

management P

sists of the 

ument is g
ging system 
parameter as
f the docume

nd tool par
re the inform

e FTE down
Tablet and d
ment. That a
ment in a sta

ment is stored

the data is 
abled using X

ve finished, 
abase. 

enerate the
e informatio
l the docume

nalysis is 
alized a 
avoid the 

that the 
write the 
en by an 

A is able 
n tagged 
h aid to 
must be 
example, 

ables are 
results of 

Process

following

generated 
rules in 

ssociated 
ent.

sers the 
ation in a 

nload the 
download 
allows to 
and-alone 
d in XML 

gathered 
XML file. 

the data 

e Word 
on of the 
ent.

Henking
Platziertes Bild



	 etc2014 - 34. European Telemetry and Test Conference	 56

DOI 10.5162/etc2014/3.3

Fig. 6. Fragment of  PATM Document in Word format 

Fig. 7. Fragment of Fig. 6. In the document 
digitalized in DOMA 

DOMA has been developed using MVVM[5] 
pattern and WPF[6] as display technology. This 
technology is largely used on successful 
projects.[7] 

2.4.1.MVVM and DOMA 

The Model View ViewModel (MVVM) is an 
architectural pattern used in software 
engineering originated from Microsoft as a 
specialization of the Presentation Model design 
pattern introduced by Fowler. Largely based on 
the model–view–controller pattern (MVC) 
MVVM facilitates a clear separation of the 
development of the graphical user interface 
from the development of the business logic or 
back end logic known as the model  The view 
model of MVVM is a value converter meaning 
that the view model is responsible for exposing 

the data objects from the model in such a way 
that those objects are easily managed and 
consumed. In this respect, the view model is 
more model than view, and handles most if not 
all of the view’s display logic. 

DOMA has been designed using MVVM 
pattern. This allows producing self contained 
modules consisting of Model and ViewModel 
parts for a certain object in the system, fully 
testing it using testing harnesses. ViewModel 
exposes properties and command objects a 
GUI (a View in the MVVM pattern) can display. 
GUI changes or modifications do not require 
any changes of the ViewModel. 

2.4.2.WPF and DOMA 

Windows Presentation Foundation (WPF) is a 
graphical subsystem for rendering user 
interfaces in Windows-based applications by 
Microsoft. WPF attempts to provide a consistent 
programming model for building applications 
and separates the user interface from business 
logic. WPF employs XAML[8], an XML-based 
language, to define and link various interface 
elements 

DOMA has been designed using WPF for 
running in a Tablet running Windows 8.1. The 
View in the MVVM does not have any code 
behind. It is pure XAML having only GUI look 
design declaration and data binding 
specification. This feature could benefit for 
future implementations in another platforms like 
smart phones. 

Conclusions  

With the aid of the new technologies, 
Flight Test Data Processing in Airbus Defence 
and Space has developed a new set of tools 
which gives the user new possibilities for the 
real time monitoring. This new tools are the 
previous step to use expert systems in the near 
future.
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