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Presenter
Presentation Notes
An FDA tool is very powerful.
It can replay the flight, aggregate the results to produce statistics and trends.
It can help for an occurrence investigation etc…
However an FDA tool has its own limits.
An these limits must be known in order to fully understand the read-outs.
This point is crucial for the FDA efficiency.
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Which parameters to record?  2 
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What does recorded Data look like? 3 

How to make it readable in an FDA software? 4 

Presenter
Presentation Notes
In order to understand the limits of an FDA software we have to answer the following questions.
And it will be the table of content of this presentation.
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Which parameters to record?  2 

How Data is recorded? 1 

What does recorded Data look like? 3 

How to make it readable in an FDA software? 4 

Presenter
Presentation Notes
Let’s start with the first question how data is recorded?
Answering that question will be done through the description of the different recording chains.
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FDA Limits – How Data is recorded ? 

Flight Data Recorders (FDR) or 

Digital Flight Data Recorders (DFDR) 

are dedicated to accident investigation. 

Page 4 

Flight Data Analysis programs extract 

data from easily accessible Quick Access 

Recorders (QAR). 

Presenter
Presentation Notes
When we think about recorded data we immediately think about the FDR.
But Flight Data Recorders (FDR) or Digital Flight Data Recorders (DFDR) are dedicated to accident investigation.

And to lead an FDA programme through a DFR is technically not convenient at all.
This is the reason why Quick access recorder has been developed.

But let’s start from the beginning.
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Sensor Analogic-
Numeric 

Converter 

A/C 
Computer 

A/C Systems 

FDIU/DMU 
FDIMU 
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FDA Limits – How Data is recorded ? 

Presenter
Presentation Notes
FDIMU: Flight Data Interface and Management Unit
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The FDIU (Flight Data Interface Unit) is in charge of picking 
parameters on the A/C ARINC network. 

Data Data Acquisition & 
Monitoring Units 

Recording Units A/C Systems 

Crash Recording Chain 

FDA Limits – How Data is recorded ? 

Presenter
Presentation Notes
The FDIU (Flight Data Interface Unit) is in charge of picking parameters on the A/C ARINC network from many A/C computers.


SDAC System Data Acquisition Concentrator
DMC Display Management Computer
FWC Flight Warning Computer
FCDC Flight Control Data Concentrator
BSCU Braking Steering Control Unit
FDIU Flight Data Interface Unit
DFDR Digital Flight Data Recorder
SSFDR Solid State Flight Data Recorder
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The FDIU provides the same Data to the DFDR and to a QAR 
LRU. 

Data Data Acquisition & 
Monitoring Units 

Recording Units A/C Systems 

FDA Limits – How Data is recorded ? 

Presenter
Presentation Notes
Getting the data from the crash recorder was not so easy because of its design (PDL / 25hours only).
So it has been decided to develop and to put in parallel a Quick Access Recorder LRU in order to make this collection easier.
The FDIU provides the same Data to the DFDR and to a QAR LRU.

LRU Line Replaceable Unit

SDAC System Data Acquisition Concentrator
DMC Display Management Computer
FWC Flight Warning Computer
FCDC Flight Control Data Concentrator
BSCU Braking Steering Control Unit
FDIU Flight Data Interface Unit
DFDR Digital Flight Data Recorder
SSFDR Solid State Flight Data Recorder
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DAR Data stands for Digital ACMS Recorder Data 
DAR Data and QAR Data are used for FDA program. 

Data Data Acquisition & 
Monitoring Units 

Recording Units A/C Systems 

FDA Limits – How Data is recorded ? 

Presenter
Presentation Notes
There is an other way to collect the data by plugging the QAR LRU on the DMU instead of the FDIU.
In that case it will be possible to record many other parameters from different computer.
The frame will be programmable in order to accede to the operator willing.

The big advantage of such a chain is to be fully free to record necessary parameters without interfering with the Crash chain.

LRU Line Replaceable Unit
DAR Digital ACMS Recorder
SAR Smart Access Recorder (S for SAGEM in A380/350)
ACMS Aircraft Condition Monitoring System

SDAC System Data Acquisition Concentrator
DMC Display Management Computer
FWC Flight Warning Computer
FCDC Flight Control Data Concentrator
BSCU Braking Steering Control Unit
FDIU Flight Data Interface Unit
DFDR Digital Flight Data Recorder
SSFDR Solid State Flight Data Recorder
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Data Data Acquisition & 
Monitoring Units 

Recording Units A/C Systems 

DMU can be programmed by an operator to record any 
convenient parameters provided available on the ARINC network. 

FDIU is NOT 
programmable 

by the operator. 

FDA Limits – How Data is recorded ? 

Presenter
Presentation Notes
A DMU can be programmed by the operator in order to record any convenient parameters (e.g.: FDA, Maintenance or Fuel Monitoring, …) provided they are available on the ARINC network


LRU Line Replaceable Unit
SAR Smart Access Recorder (S for SAGEM in A380/350)

SDAC System Data Acquisition Concentrator
DMC Display Management Computer
FWC Flight Warning Computer
FCDC Flight Control Data Concentrator
BSCU Braking Steering Control Unit
FDIU Flight Data Interface Unit
DFDR Digital Flight Data Recorder
SSFDR Solid State Flight Data Recorder
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Data Data Acquisition & 
Monitoring Units 

Recording Units A/C Systems 

FDIU and DMU are often combined into a single equipment: 
FDIMU 

FDA Limits – How Data is recorded ? 

Presenter
Presentation Notes
LRU Line Replaceable Unit
SAR Smart Access Recorder (S for SAGEM in A380/350)

SDAC System Data Acquisition Concentrator
DMC Display Management Computer
FWC Flight Warning Computer
FCDC Flight Control Data Concentrator
BSCU Braking Steering Control Unit
FDIU Flight Data Interface Unit
DFDR Digital Flight Data Recorder
SSFDR Solid State Flight Data Recorder
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Data Data Acquisition & 
Monitoring Units 

Recording Units A/C Systems 

In that case both QAR and DAR data can be recorded 
on the same media. 

FDA Limits – How Data is recorded ? 

Presenter
Presentation Notes
LRU Line Replaceable Unit
SAR Smart Access Recorder (S for SAGEM in A380/350)

SDAC System Data Acquisition Concentrator
DMC Display Management Computer
FWC Flight Warning Computer
FCDC Flight Control Data Concentrator
BSCU Braking Steering Control Unit
FDIU Flight Data Interface Unit
DFDR Digital Flight Data Recorder
SSFDR Solid State Flight Data Recorder
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FDA Limits – How Data is recorded ? 

Different Recording Systems 

Different Data Files 

Different decoding programs 

 

Different Parameter Sources 

Different raw parameter gross values 

Homogeneity Issue 
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Which parameters to record?  2 

How Data is recorded? 1 

What does recorded Data look like? 3 

How to make it readable in an FDA software? 4 
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FDA Limits – Which parameters to record ? 

Regulations on paramaters only concern the DFDR 
 

 ICAO - Annex 6 Part I – Aereoplanes 
  Chapter 6 Para 6.3 - Appendix 8 
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Presenter
Presentation Notes
Regulations on paramaters to be recorded only concern the DFDR 
They also affect the QAR data because it's a copy of DFDR
These regulations are:
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FDA Limits – Which parameters to record ? 

Regulations on paramaters only concern the DFDR 
 

 ICAO - Annex 6 Part I – Aereoplanes 
  Chapter 6 Para 6.3 - Appendix 8 
 EASA - AIR OPERATIONS - Commercial Air Transport 
 AMC CAT.IDE.A.190 Flight Data Recorder 
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FDA Limits – Which parameters to record ? 

Regulations on paramaters only concern the DFDR 
 

 ICAO - Annex 6 Part I – Aereoplanes 
  Chapter 6 Para 6.3 - Appendix 8 
 EASA - AIR OPERATIONS - Commercial Air Transport 
 AMC CAT.IDE.A.190 Flight Data Recorder 
 EUROCAE - ED-55 / ED-112 / ED-112 A 
 MOPS for Crash Protected Airborne Recorder Systems 
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Presenter
Presentation Notes
MOPS: Minimum Operational Performance Specification
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FDA Limits – Which parameters to record ? 

Regulations on paramaters only concern the DFDR 
 

 ICAO - Annex 6 Part I – Aereoplanes 
  Chapter 6 Para 6.3 - Appendix 8 
 EASA - AIR OPERATIONS - Commercial Air Transport 
 AMC CAT.IDE.A.190 Flight Data Recorder 
 EUROCAE - ED-55 / ED-112 / ED-112 A 
 MOPS for Crash Protected Airborne Recorder Systems  
FAR 121.334 Digital Flight Data Recorders  

Appendix M to Part 121 - Airplane Flight Recorder Specifications 
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FDA Limits – Which parameters to record ? 

Airbus adds to these lists, parameters also required 
by Airbus Flight Safety and Airbus Handling Quality.  
All these parameters are mandatory parameters 
identified by an M. 

M06a = Pitch Attitude 

Page 18 

On the DFDR data frame there are also parameters 
recorded on request of Airbus internal stakeholders. 
They are called documentary parameters 
identified by a D. 

D09 = Vertical Speed 

Presenter
Presentation Notes
Read the slide
First click – read the slide

This parameter is not required by regulations but could be very useful for an FDA software.





© AIRBUS S.A.S. All rights reserved. Confidential and proprietary document. 

FDA Limits – Which parameters to record ? 

For the DAR Data Frame there is no regulatory 
requirement but most of the previous parameters 
(Mandatory and Documentary) are recorded. 
 
Standard DAR Data Frames exist but they are fully 
customizable by the operator. 
 
These modifications will obviously affect the final 
picture of a flight into an FDA software. 
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Presenter
Presentation Notes

There is almost
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FDA Limits – Which parameters to record ? 

More than 100 standards exist (QAR & DAR) 

Homogeneity Issue 

Presenter
Presentation Notes
Parameters can be added or removed
(e.g.: Vertical Speed; Gross Weight)
Sampling rate can be adjusted
(e.g.: LDG gear Squat Switch)
And also the source of the parameter can be changed
(e.g.: Lateral acceleration could be from the SDAC or from the ISIS)
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Which parameters to record?  2 

How Data is recorded? 1 

What does recorded Data look like? 3 

How to make it readable in an FDA software? 4 
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Sensor Analogic-
Numeric 

Converter 

A/C 
Computer 

A/C Systems 

FDIU/DMU 
FDIMU 
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FDA Limits – What does recorded Data look like ? 

Presenter
Presentation Notes


Aeronautical Radio, INCorporated (ARINC), established in 1929
ARINC 429  on 32 bits for the Aircraft Systems (ex: refresh rate can be 50ms = 20hz).
The FDIMU is on an ARINC 717 format, based on 12 bits (its rear to have more than 8hz as sampling rate)
There will be also an inpact on the resolution.
Example:
On Arinc 429 format EGT value is on 12 bits (+1 for the sign); resolution is 0.5° with 8184 possibilities; range from-2048 to +2047,5 in steps of 0.5°.
On the FDIMU, this value is recorded on 11bits (+ 1 for the sign), resolution of 1° with 4096 possibilities from -2048 to +2047 in steps of 1°.
Ops range from -55° to +1200°.
FDIMU: Flight Data Interface and Management Unit
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FDA Limits – What does recorded Data look like ? 

ARINC 429  

ARINC 717  

Presenter
Presentation Notes
On the Arinc 429 format only 65% of the payload is alocated to the data.
The remaining bits are dedicated to label, side system identification, data integrity.

On DFDR recording 25 hours of flights having only 65% of payload is not acceptable this the reason why the data is converted under the Arinc 717 format on only 12 bits.
Only the gross value is used. There is no more label no more side system indentification, no more data integrity.
And this gross data value of a parameter is converted from 19 bits to 12 bits.
So immediately we understand that the recorded parameters will not have the same resolution.
It will be illustrated later.


Aeronautical Radio, INCorporated (ARINC), established in 1929
ARINC 429  on 32 bits for the Aircraft Systems (ex: refresh rate can be 50ms = 20hz).
The FDIMU is on an ARINC 717 format, based on 12 bits (its rear to have more than 8hz as sampling rate)
There will be also an inpact on the resolution.
Example:
On Arinc 429 format EGT value is on 12 bits (+1 for the sign); resolution is 0.5° with 8184 possibilities; range from-2048 to +2047,5 in steps of 0.5°.
On the FDIMU, this value is recorded on 11bits (+ 1 for the sign), resolution of 1° with 4096 possibilities from -2048 to +2047 in steps of 1°.
Ops range from -55° to +1200°.
FDIMU: Flight Data Interface and Management Unit
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Either the FDIU or the DMU sends continuous Data Blocks 
containing 4 seconds of flight Parameters. 
One block is called a frame. 

Data Stream 
FRAME X FRAME X + 1 FRAME X + 2 

Data Stream 

FDA Limits – What does recorded Data look like ? 

4 sec 4 sec 4 sec 

Presenter
Presentation Notes
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Each Frame is divided into 4 Subframes 
Each subframe lasts 1 second and contains a number of words 
Words are numbered from the beginning to the end of the SF 

Data Stream 
FRAME X FRAME X + 1 FRAME X + 2 

Data Stream 

1s 1s 1s 1s 

S 
U 
B 
F 
R 
A 
M 
E 

S 
U 
B 
F 
R 
A 
M 
E 

S 
U 
B 
F 
R 
A 
M 
E 

S 
U 
B 
F 
R 
A 
M 
E 

FDA Limits – What does recorded Data look like ? 

First word 

Last word 

Presenter
Presentation Notes
Each sub frame lasts 1 sec and contains a number of words (usually between 64 and 2048).

(Usually between 64 and 2048 words per second)
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4s 
Data Stream 

FRAME X FRAME X + 1 FRAME X + 2 
Data Stream 

12 11 10 9 8 7 6 5 4 3 2 1 

Each word is made of 12 bits. 
These bits contain the active parameter data 
One word can contain several parameters 

WORD 

FDA Limits – What does recorded Data look like ? 

Parameter 1 Parameter 2 

Presenter
Presentation Notes
2 to the 12 power
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4s 
Data Stream 

FRAME 252 FRAME 253 FRAME 254  
Data Stream 

The stream is managed by synchronisation words and a 
data frame counter which provide the continuous 
assessment capability on the stream. 
 

252 253 254 

DFC (Data Frame 
Counter) 

SYNCHRO WORDS SYNCHRO WORDS SYNCHRO WORDS 

FDA Limits – What does recorded Data look like ? 

Presenter
Presentation Notes
Synchro words= ARINC 717 norm: to stake out (délimiter) raw data packages
DFC= Data Frame Counter: Frame identification pour verifier la continuité, ou matérialiser un recorder reset.
The Frame Counter
Computed by the FDIU
Recorded once per cycle (every 4 seconds)
Auto increment (from 0 to 4095 from 2xp12):
 Set to 0 at FDIU start (including FDIU reset)
 Useful for instance:
- To know whether A/C was still energized on ground or not
- To determine a temporary loss of data
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Data Stream 

Example : FRAME 256 WPS 

Data Stream 

According to its refreshing rate parameter can be stored 
several times in one frame. Done at a constant pace. 

Word 12 

Word 76 

Word 140 

Word 204 

4 Hz 

SF 1 SF 2 SF 3 SF 4 

FDA Limits – What does recorded Data look like ? 

+ 64 

+ 64 

+ 64 

+ 64 

Presenter
Presentation Notes
According to its refreshing rate parameter can be stored several times in one frame. Done at a constant pace.
First click
Let’s take an example of a 256WPS frame.
Second click
In our example a parameter is recorded 4 times per second. From bit 4 to 12.
In all the 4 subframes it is recorded on word 12-76-140-204; with a constant interval of 64 words between each recording. 

Third click
Its refresh interval is 250ms (4 Hz)
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4’’ 

Data Stream FRAME X FRAME X+1 FRAME X+2  Data Stream 

1 Hz PARAMETER 

¼ Hz PARAMETER 

½ Hz PARAMETER 

½ Hz PARAMETER 

FDA Limits – What does recorded Data look like ? 

Presenter
Presentation Notes
The frequency of recording determines the layout.
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4’’ 

Data Stream FRAME X FRAME X+1 FRAME X+2  Data Stream 

2 Hz PARAMETER 

4 Hz PARAMETER 

FDA Limits – What does recorded Data look like ? 

Presenter
Presentation Notes
The frequency of recording determines the layout.
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4s 
Data Stream 

FRAME X FRAME X + 1 FRAME X + 2 
Data Stream 

Some words do not need to be recorded on each Frame. 
They are therefore recorded every Superframe. 

WORD 

FDA Limits – What does recorded Data look like ? 

Presenter
Presentation Notes
Some words do not need to be recorded on each Frame.
They are therefore recorded every Superframe corresponding to an interval of 64  Seconds).
E.g. : GW, Arrival Airport ICAO code
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FDA Limits – What does recorded Data look like ? 

Presenter
Presentation Notes
Objectives: to show that there is no standard and to explain difficulties and also the difference between the recording and the origin.
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FDA Limits – What does recorded Data look like ? 

Page 38 

Presenter
Presentation Notes
Other example
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FDA Limits – What does recorded Data look like ? 
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Consistency Issue 

Presenter
Presentation Notes
So from an aircraft type with the same engine but with a different recording system the frame range from 128 WPS to 1024 WPS. How can you imagine that you will have the same picture?
Ex: Landing gear position is not always available on a 128 WPS so in an FDA tool we have to rebuilt this parameter. In Airfase for exemple the landing gear is shown done on approach at 2000ft. That means that the event Late gear extension which is an unstabilization criteria will never be triggered.
So between a 128 and a 1024 WPS you will have many differences about the available parameters but also the sampling rate, the resolution.
So once again we will have to face same homogeneity issue.
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FDA Limits – What does recorded Data look like ? 
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FDA Limits – What does recorded Data look like ? 
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FDA Limits – What does recorded Data look like ? 

Page 42 

Presenter
Presentation Notes
Label/SDI = source
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FDA Limits – What does recorded Data look like ? 
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FDA Limits – What does recorded Data look like ? 
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FDA Limits – What does recorded Data look like ? 
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Presenter
Presentation Notes
50ms=20x par seconde
125ms = 8x par seconde
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FDA Limits – What does recorded Data look like ? 
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Reproducing Issue 

Presenter
Presentation Notes
50ms=20x par seconde
125ms = 8x par seconde

Whatever the source and the Media, recorded data is a Binary file
Which must be converted in order to be readable by an FDA software
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Which parameters to record?  2 

How Data is recorded? 1 

What does the recorded Data look like? 3 

How to make it readable in an FDA software? 4 

Presenter
Presentation Notes
To answer that question I will have sometimes to refer to Airfase to illustrate my words.
Airfase is an FDA software from Airbus and Teledyne.
But the principle remains the same for almost all the available software on the market
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Readable Safety Data 

The Purpose of FDA Tool is to 
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Identify Non-Desired flight conditions 

FDA Limits - How to make it readable? 

Events _Derived 
Parameters 

Filtered + 
Created 

parameters 

Acquired 
Parameters 

Script Logic 

Presenter
Presentation Notes
When specific conditions are met during flight, needed to be reported, an event is triggered.
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Acquired Parameters must be 
_Derived to become exploitable 
 
This derivation allows: 
 
 Automatic wrong parameter filtering 

Acquired 

_Derived 
FDA Limits - How to make it readable? 

Presenter
Presentation Notes
Let’s talk about parameters

Raw data parameters must be derived to become exploitable into the FDA Tool.
This derivation allows automatic wrong parameter filtering.
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Derivation also allows new parameter development 
 
 
example: vertical speed derived from altitude 

Vertical Speed 

Altitude 

FDA Limits - How to make it readable? 

Presenter
Presentation Notes
The derivation also allows development of new parameter.

Vertical speed is not a mandatory parameter. So quiet often on sort frame it is not recorded.
In that case the vertical speed is computed through a script logic using a the altitude which is already derived.
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Parameters can be derived rather simply 

0 = FALSE  1 = TRUE 

_Derived Parameter = Acquired Parameter 

Boolean Example 

FDA Limits - How to make it readable? 

Presenter
Presentation Notes
The derived parameter is equal to the acquired.



© AIRBUS S.A.S. All rights reserved. Confidential and proprietary document. 

Page 52 

Parameters can be more complex  

_Derived Parameter 
= 

 Acquired Parameter x Coefficient  
+  

Offset 

Binary Example 

FDA Limits - How to make it readable? 

Presenter
Presentation Notes
Some can be read quite straightforward and some can be more complex like the VFE but it will be explain during my next presentation.
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FDA Limits - How to make it readable? 

Ex: Deviation from Localizer 
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FDA Limits - How to make it readable? 
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FDA Limits - How to make it readable? 

1803 LOC 
Deviation 
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FDA Limits - How to make it readable? 

Limitation 
 
 Parameter reliability 
 Script logic revelency 

 
 
Solution 
 
 Engineering cleaning  
 Operational cleaning 

 
An FDA software is partially DUMB  

Presenter
Presentation Notes
The aim of engineering filtering is to remove (or to put aside) flights and/or events that are incorrectly triggered or inconsistent with the Safety purpose of AirFASE.
The Flight Data Cleaning task is done systematically on the new data.
Until filtered, this data cannot be used for aggregation or statistical purposes.

The operational cleaning consists in removing (or putting aside) events which have been triggered due to the event logic, but which are not representing an operational deviation, and may be consequences of specific operational constraints.
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+ 250 ft 

- 150 ft 

Event raised when entering and escaping the zone 

- 250 ft 

+ 150 ft 

FDA Limits - How to make it readable? 

Ex: Level Bust 

Presenter
Presentation Notes
This event is triggered only by comparing the curent altitude and the target altitude into the FCU window.
So if the there is a misundertanding of the clearence generating a real level bust it will not be identify.
The 
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FDA Limits - How to make it readable? 

Limitation 
 
 Inside and Outside Voice messages not available 

 
 
Solution 
 
 To create a close Link with the reporting system 

 

An FDA software is partially DEAF  
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FDA Limits - How to make it readable? 

Presenter
Presentation Notes
What have the go-around 
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FDA Limits - How to make it readable? 

Limitation 
 
 No Environmental/Situational Information 

 
 
Solution 
 
 To use any available data, including the reporting 

system 
 

An FDA software is partially BLIND  
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The FDA tool is very powerful, 
 Even if it has some limits 
  It will tell you 

  
WHAT happened,  

 
but not WHY it happened… 

FDA Limits - Conclusion 

An FDA tool needs Human Expertise 
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