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Flight Data Analysis



INTRODUCTION

AIRBUS has made Flight Data Analysis a strategic objective in
its effort to promote Flight Safety.

The AIRBUS approach consists in enhancing the safety of flight

operations by supporting all our operators to be able to
achieve a high level of Flight Data Analysis.

The Full Method: * Recording
* Downloading
* Processing
* Analysis
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HISTORY

World War Il:

US National Advisory Committee for Aeronautics (NACA)
Installed recorders in fighters, bombers and transport
aircraft to collect indicated airspeed and load factor data In
order to improve structural design
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HISTORY

In the 60’s:

Regulatory authorities mandated the fitting of Flight Data
Recorders (FDR) into large commercial aircraft for accident

Investigation

Meanwhile, Flight Data Analysis processes were encouraged
and sometime requested by authorities
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HISTORY

The 1t FDRs could only engrave 5 parameters onto a non-
reusable metal or photographic film:

1) Heading,
2) Altitude,
3) Airspeed,

4) Vertical Acceleration and
1st generation metal foil

5) Time. recorder
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HISTORY

Recorders technology then improved significantly from analog
to digital on tape, then to Solid State able to record over 3 000
parameters.

2"d generation
tape recorder

34 generation
Solid State recorder
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HISTORY

Today, while Flight Data Recorders (FDR)
or Digital Flight Data Recorders (DFDR)
are dedicated to accident investigation,

Flight Data Analysis programs extract

data from easily accessible Quick Access
Recorders (QAR).
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VARIOUS RECORDING CHAINS

AIC
Computer

Sensor Analogic-

Numeric o
Converter A/C Systems
FDIU/DMU *FDIMU: Flight Data Interface

*EDIM and Management Unit
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VARIOUS RECORDING CHAINS

The FDIU (Flight Data Interface Unit) is in charge of picking
parameters on the A/C ARINC network.

A/C Systems Data Acquisition & Recording Units
Monitoring Units

SDAC

DMC
FWC
FCDC Crash Recording Chain

BSCU

DFDR/SSFDR: Digital/Solid State Flight Data Recorder

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



VARIOUS RECORDING CHAINS

The FDIU provides the same Data to the DFDR and to a QAR LRU.
This is the minimum equipment in order to be able to have an FDA program.

A/C Systems Data Acquisition & Recording Units
Monitoring Units

SDAC

pNIC FDIU

FWC

FCDC —
Minimum for an FDA Program

BSCU

— @ AIRBUS
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VARIOUS RECORDING CHAINS

DAR Data stands for Digital ACMS Recorder Data
DAR Data and QAR Data are used for FDA program.

A/C Systems Data Acquisition & Recording Units
Monitoring Units

SDAC

DMC FDIU

F \.fn'\.’r C

FCDC

BSCU

All A/C Systems
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VARIOUS RECORDING CHAINS

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

A/C Systems

SDAC

DMC

FWC

FCDC

BSCU

All A/C Systems
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But FDIU is not Recording Units
programmable
by the operator.
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VARIOUS RECORDING CHAINS

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

A/C Systems Data Acquisition & Recording Units
Monitoring Units

SDAC

DVMC

FWC

FCDC

BSCU

All A/C Systems
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VARIOUS RECORDING CHAINS

FDIU and DMU are often combined into a single equipment: FDIMU
In that case both QAR and DAR data can be recorded on the same media.

A/C Systems Data Acquisition & Recording Units
Monitoring Units

SDAC

DMC

FWC

FCDC

BSCU

All A/C Systems
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VARIOUS RECORDING CHAINS

FDIU and DM =lzixjjoment: FDIMU

In that case both on the same media.
A/C Systems

SDAC
DMC
FWC
FCDC - ELRE F Wrap Enable O e
disk space (MB]
DaR 42 ~ ‘Wiap Enaple
BSCU - * E
| ECEE [~ Whap Enable s
[ retn F
All A/C Systems MsG |1—  Vrap Enable Cand Fauit
Total, 100 514 Circsl [
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VARIOUS RECORDING CHAINS
Digital ACMS Recorder (DAR)

Optional - Recording with Customized Frame for
FDAP and/or for Maintenance or Fleet Monitoring

r———_

b Digital Flight Data Recorder (DFDR)
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FRAME - SUBFRAME

Either the FDIU or the DMU sends continuous Data Blocks
containing 4 seconds of flight Parameters.
One block is called a frame.

FRAME X FRAME X + 1 FRAME X + 2

Data Stream

Data Stream

Usually from 64 up to 1024 Word Per Second
AIRBUS
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1 A e H¢
FRAME - SUBFRAME

WORDS are numbered from the beginning to the end of the
SUBFRAME...

FRAME X FRAME X + 1 FRAME X + 2

Data Stream

Data Stream

- e

I e

,,,,,,

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

e
H
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FRAME - SUBFRAME

Each word is made of 12 bits
These bits contain the active parameter data

One word can contain several parameters

WORD

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

Parameter 2 Parameter 1 ‘

- @ AIRBUS
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1 A e H¢
FRAME - SUBFRAME

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

FRAME 252 FRAME 253 FRAME 254

 SYNCHRO WORDS

Data Stream

Data Stream

- SYNCHRO WORDS .~ SYNCHROWORDS
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FRAME - SUBFRAME

Parameters are stored in a word or in a portion of word. Depending on the
parameter refresh rate, it can be stored several times in one frame.

FRAME 253

SF1 SF2 SF3 SF4

Data Stream

Data Stream

— e B — ——

nte b

S |Word 32

: Word 48

PITCHATTITUDE [ s s e | 00 64

\
From bit 4 to bit 12

— | Word 80
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FRAME - SUBFRAME

Data Stream

Vs Hz PARAMETER  |IES |

FRAME 254

Y% Hz PARAMETER

Y% Hz PARAMETER

1Hz PARAMETER | HEEES SN BN -
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FRAME - SUBFRAME

¥

Data Stream FRAME 252

FRAME 253

FRAME 254

2 Hz PARAMETER

4 Hz PARAMETER
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PARAMETER

Regulations on y
They also affect
These regulatior
1. ICAO - Anne
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Appendix § Annex & — Operation of Aircraft
Table A8-1. Parameter Guidance for Crash Protected Flight Data Fecorders
Maximum
sampling and Accuracy limits
recording (s=msor inpat
Serial mrerval compared
mamber Parameatar Meazurement ranze {zeconds) to FOR. read-our) Fecording resolution
1 Time (UTC when awailable. 24 hours 4 =0.115% perhour 1 zzcomd . FDI 2
otherwizs relative tims count or
GFS time svnc)
2 Pressure-altmds =300 m (-1 000 f) to 1 =mo=200m  1im(Ff)
mazinmm certificated (=100 ft 1o =700 )
altitude of aircratt
+1 300 m (+5 000 £f)
3 Indicated airspesd or calibrated 23 kmv'h (30 k) to max 1 =% 1 (0.3 kt recommended)
airspead Ve (Naze 1)
V. to 12V, (Nowe 1) =3%
4 Heading (primary fight crew 380° 1 =1 05 M
iy - Appendix
5 Normal acceleration {(Nate 5) —izw-ig 0125 =1% of mavmmm  00M g
mnge ur.dmt.ng
[ Pitch attinde =73% or usable @oge 0.13 =1° 05
whichever is greater
7 Eaoll antnads =180° 0.13 =1* 0.5
g Radio transmizsion keving Omn-off (one discrete) 1
o Power on each engine Full range 1 (per =I% 0.2% of full range or the
Nose 41 enzing) resolution required to operate the
aincraft
10+ Triling edge flap and cockpit Full range or each 1 =Feoraspilot’s  0.5% of full range or the
contral selection dizcrete position indicater rezolution required to operate the
aircraft
11* Leading edze flap and cockpit Full range or each 2 =53% or as pilot’s .57 of fall range or the
contol selaction dizcrets position indicater resohution required to operate the
aincraft
12+ Thirust reverser position Stowed. in ransit, 1 {per
and reverse enging)
13+ Ground spoiler/spead brake Full range or each 1 2% unless higher  0.2% of full range
selpcrion (s=lection and position) dizcrete position accuracy unigquely
14 Chatside air temperaturs Sensor range 1 =2"C 03
15+ Autopilet/auto A suinable 1
throtde AFCS combination
mode and enpagement status of discretes
18 Longitadinal accelzmtion =lg 0.13 H0lig 0004z
(Nowe 3) exncluding a datam
aror of =0.05 g
Note — The preceding 14 parameters satigfy the requirements for a Type II FDR.
17 Lateral acceleratien (Nade ) =lg 0.13 =015 g o4 e
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PARAMETERS TO BE RECORDED

Table 1: FDR

Regulatic

Mo | Paramatar Ranga Sampling BAccuracy limits [ssnsor input Recommended | Ramarks
Imtarval in comparad to FOR readout) masolwtion in
seconds readout

They a,lS( 1a Tima 24 hours q +0.135 % par hour 1 second () UTC tima prafemad whane availbla

06 LY 3arLYd EJWY
EIC P — DY RS0 EN

=R
I3
22
SE
=z
0w
c 3
1 3
These re || amc2cATIDEA.190 Flight data recorder 53
3 g g |
[
1. ICACQ OPERATIONAL PERFORMANCE REQUIREMENTS FOR AEROPLANES FIRST ISSUED WITH AN INDIVIDUAL COFA ON OR gz |2 IX 8
B AFTER 1 APRIL 1998 AND BEFORE 1 JANUARY 2016 =2 'ﬁ-
F' I
2 EAS (8}  The operational parformance requirements for FDRs should be those laid down in EUROCAE Document ED-55 (Mini- =5 g-
. 1 mum Operational Performance Requirements For Flight Data Recorder Systams) dated May 1990, or EURDCAE Doou- = § &
et EC-112 (Minimum Operational Performance Specification for Crash Protected Airborne Recorder Systems) dated Zz  |§
] March 2003, including amendments n*1 and n°2, or any later equivalent standard produced by EUROCAE. zz |8
I 23 |3
5
accaleration snduding a datum emorof 5% g0 001 g provided that one sample s recorded at full % g 2
! om
] Pitch attituda +T5 dagraas i3 +2 dagroes 05 dograss E ﬁ
7 Rl attituda +1580 degraaes 0 +2 degroes 05 dogress E g
: | Manual radia Discrate 1 - Praferably sach crew membar but one disoate E §
transmission accaptabla for al transmissions providad that the cg
kaying raplay of a recoeding mizda by any required recorder =
can ba mymechronized in time with any other required Z E
recoeding o within 1 second. E a
2 | Propulsiva Full mnga Each angina *2% 0.2 % of full Sufficent paramataers ag. EPAM, or Torgua™F as - E
st § power sach second ange appropriaba bo the particular engineg must be recordad =
on @ach enging 10 Debarming power in bath nomal and revarss thrust. m
A margin far passiola overspead should ba provided. - x
b | Hight caw Full anga Each lawer +2% ar sufficiant todatermina % offull anga | Paramater 5b must ba reconded for agroplanas with E &
E compartmant aach second any gated pasition non-mechanically linked cockpit-enging controls, = i
- thinzst |/ power akarwize recommended. ﬁ ;
" = o &
= E=1
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PARAMETERS TO BE RECORDED

Ré

TABLE lI-A.1: PARAMETERS TO BE RECORDED - AEROPLANES

Minimum Recording Maximum recording . .
TI,. N® Parameter Range interval in seconds ?r:mrf":ga‘:ﬁ:rg l[?r::;orrilcl‘ng ?:ﬁimﬁ? Remarks
(refer to para II-8.7) {refer to para II-A.8) P ) pa '
1a Time 24 hours 4 +0.125% per hour 1 second {a) UTC time preferred where available.
TH |*
1b Relative Time Count 0 to 4085 4 1 0.125% per hour (b} Counter increments each 4 seconds of
systemn operation,
1 . 1c GPS Time Sync Discrete 4 [c ) To establish whether the aircraft clocks
are synchronised to GPS time
2 2 Pressure Altitude - 1000 ft to 1 4+100 ft to £700 ft At Refer to paragraph 11-A.6.1
] maximum
certificated altitude Refer to Table [1-A.3
of aircraft + 5 000 fi
3 Indicated Airspeed 50 kt or minimum 1 + 5% 1kt (0.5 kt Refer to paragraph lI-A.6.1
value from installed recommended)
ar pitot static system to
3 ) Calibrated Airspeed Max Vso
Max Vo to 1.2 Vn + 3%
4 Heading 0 - 360 degrees 1 + 2 degrees 0.5 degrees When true or magnetic heading can be
. . o selected, the primary heading reference, a
{Primary flight crew reference) :nﬂd discrate ‘rue’ or discrete indicating selection shall be recorded.
ag
5 Mormal Acceleration -3gto+6g 0.125 = 0.09 g excluding a 0.004 g
datum error of 10.45
G Pitch Attitude + 90 degrees 0.25 + 2 degrees 0.5 degree Accuracy will be apply only within + 75° range
7 Roll Attitude + 180 degrees 0.5 4 2 degrees 0.5 degree For a new aircraft type, an analysis should be
performed by the aircraft manufacturer in
order to assess if a shorter sampling interval is
necessary to capture guick attitude variations
in & dynamic sequence.
8 Manual Radic Transmission Keying Discrete(s) 1 - Prefarably each crew member but one

and CVR/FOR synchronization
reference

discrete acceptable for all transmissions
provided the CVR/FDR system complies with
paragraph 2-1.11 of Section 2 (including
ATC/SATCOM communications)
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PARAMETERS TO BE RECORDED

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:
1. ICAO - Annex 6 Part | - Aereoplanes - Chapter 6 Para 6.3 - Appendix 8
2. EASA - AIR POERATIONS - Commercial Air Transport
AMC CAT.IDE.A.190 Flight Data Recorder
3. EUROCAE - MOPS for Crash Protected Airborne Recorder Systems
ED-55/ED-112/ED-112 A
4. FAR 121.334 Digital Flight Data Recorders
Appendix M to Part 121 - Airplane Flight Recorder Specifications

- @ AIRBUS
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1 A e H¢
PARAMETERS TO BE RECORDED

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:
1. ICAO - Annex 6 Part | - Aereoplanes - Chapter 6 Para 6.3 - Appendix 8
2. EASA - AIR POERATIONS - Commercial Air Transport
AMC CAT.IDE.A.190 Flight Data Recorder
3. EUROCAE - MOPS for Crash Protected Airborne Recorder Systems
ED-55/ED-112/ED-112 A
4. FAR 121.334 Digital Flight Data Recorders
Appendix M to Part 121 - Airplane Flight Recorder Specifications

Airbus adds to these lists, parameters also required by Airbus Flight Safety
and Airbus Handling Quality.

They are Mandatory parameters identified by an M. (MO6a = Pitch Attitude)

- @ AIRBUS
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PARAMETERS TO BE RECORDED

DFDR DATA
On the DFDR data frame there are also parameters FRAME

recorded on request of Airbus internal stakeholders.

They are called Documentary Parameters.

D09 = Vertical Speed

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

. DAR DATA
For the DAR Data Frame there is no regulatory FRAME

requirement but most of the previous parameters
(Mandatory and Documentary) are recorded.

For DAR the Frame is defined by the operator.

Any modifications will obviously affect the final
picture we could have of a flight.
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RECORDING - BEST PRACTICES

®»Frame definition must be known by the operator

When customization (DAR Data)
B\lust be traced
BRelevant parameter
®Relevant source
®»Relevant sampling rate
®»\Must be adapted to the frame capacity

®»Other use of the data must not prejudice the FDAP use

AIRBUS



This document and all information contained herein is the sole
property of AIRBUS S.A.S. No intellectual property rights are
granted by the delivery of this document or the disclosure of
its content. This document shall not be reproduced or
disclosed to a third party without the express written consent
of AIRBUS S.A.S. This document and its content shall not be
used for any purpose other than that for which it is supplied.

The statements made herein do not constitute an offer. They
are based on the mentioned assumptions and are expressed
in good faith. Where the supporting grounds for these
statements are not shown, AIRBUS S.A.S. will be pleased to
explain the basis thereof.

AIRBUS

AN EADS COMPANY

AIRBUS
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