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Improvement of the quality of
data retrieval from the F800
flight data recorder
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< PLAN

e Frame of the study

Flight recorders : description and use for
Investigations

e Basics of data recording by the F800
recorder

F800 reading and data retrieval
e Detection and localization of errors
Correction of errors




| Frame of the study

BEA : Investigations

Technical investigations :

» Use of flight recorders ( « black boxes » ) or any other recordings

« Metallurgical and chemical investigations...
"BEA




Cockpit Voice Recorder (CVR)
Flight Data Recorder (FDR)




Use of FDR

Temps |Computed [Altitude|Normal
genere |Airspeed |[(feet) |Acceleration
s) (knots) )
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4500
4000
l | 3500
o0 =
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= 200
« 150
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—i'= Magnetic tape flight data recorder

~___ Outside view




f '7'7 Magnetic tape flight data recorder
= Inside view

A

(I" '
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—iie: Magnetic tape flight data recorder
... Problems

» Change of the magnetic tape running speed

2 * Increase of the distance between the
magnetic tape and the write heads

| » « Entrefer effect » : spatial average
¢« Outside noise




. Recording

- =

... Basics




2. Recording
“... Data organization

1 Sub-cycle = 64 Words de 12 bits = 1 second
1 Cycle = 4 Sub-cycles = 4 seconds

1second
Synchro . |
word 2 word 3 word 64
Sub-cycle 1 erd 1 |
Sub-cycle 2 Synchro word 2 word 3 LLE. word 64
word 2
Sub-cycle 3 Synchro word 2 word 3 ik word 64
word 3
Sub-cycle 4 Synchro word 2 word 3 o word 64
Word 4 llllllll




2. Recording
» viﬁDMHﬂxmat

Binary value
(12 bits binary word)

Harvard Bi — Phase signal

Binary encoded value
(15 bits GCR word)

NRZ - Mark signal

Magnetic prints on the tape
(residual induction)

02D9

A
7 —

001011011001

- .

100100110101001,




—-;’@-:b Recording Mot 0 00000

... The GCR code (Group Code Recording) = Mot! 00001
Mot 2 00010
Mot 3 00011

. Mot4 00100
Mot 5 00101
Mot 6 00110
Mot 0 0000 Mot 7 00111
Mot 1 0001 Mot 8 01000
Mot 2 0010 Mot 9 01001
s — Mot 10 01010
Mot 11 01011

Mois 0100 oo
gl Ll Mot 13 01101
Mot 6 0110 Mot 14 01110
Mot 7 0111 Mot 15 01111
Mot 8 1000 Mot 16 10000
Mot 9 1001 Mot 17 10001
Mot 10 1010 Mot 18 10010
Mot 11 1011 Mot 19 10011

Mot 12 1100

Mot 21 10101
oS oL Mot 22 10110
Sl e Mot 23 10111
Mot 15 1111 Mot 24 11000
Mot 25 11001
Mot 26 11010
Mot 27 11011

. Mot28 11100

Mot 29 11101 3 w
f-g SRR



—iis Reading
Basics

Opening of the protected box 4 {442 Reading of the magnetic tape
1 .- o ] s e :__ e _-'u_____ | 1 " . I3 11-.

Signal analysis and decoding




. Reading
- Signal decoding

t apacpmsanvee | [ || T][]]]]]]

Analogic signal read by the /
read heads and amplificated

| 9Tbit - 3Thit Thit 2Thit 2Tbit  3Thit Thi

GCR Binary signal decoded

510010 0110101001
Arinc binary signal \00 10 1101 1001/
converted .

02D9




 Interest of the GCR code (Group Code Recording)

100100110101 00

1 101011001001101

e

Word n°1

—

Word n°2

1001111101 10110 0110110011 10010

N
il

Word n’3

—~—

Word n’4

10010020 1 1gdN0

I 10 siidotoondi

o

Word n°1§

BN 100i111102L 1
\5\ : :

Word n°2§

RO 1 1 001 1001

Word n°3§

iy

Word n°4§ :

Decoding error




,ﬁ) Intérét du code GCR (Group Code Recording)

b
' GCR errors
i Y
- 4 ™
Synchronization | :
words \ 5 |
il 111 -
. y
Y
Error aera

» Are there necessarily GCR errors ?

« What is the GCR errors occurrence probability ?

* |sthere a pattern ?

 What happen when there are several decoding errors ?




- =

4

Detection and localisation of errors

.. Software synoptic

List of 200000 points
...45, 48, 52, 64, 69, 61, 57, 43, 29,...

1L

Unsynchronized binary serie :
...100110110010101110100...

@ Synchronisation

Synchronized binary serie : words

l
R /m mX W

\ Y( A ~ A ) J
Seqn’ Seqn°8 Seggn°9
N=9WQGO

o4

N bits incorrect binary sequence :
...011110101001012011110...

\ / Bit N-1

Incorrect aeras

N’ bits corrected binary sequence :
..0111101010010120121110...

Digital signal file - — .

J Séquence i

No

=

Yes

Yes

1 Yes




Detection and localisation of errors

- =

. 5 bits words of an incorrect track not belowing to the GCR code

decalage
- e —_ ™~ (5 o on
1 ] I 1 1 1

1:!—'

|

| | | | | | | | ! | [ | | | | [ ! | |
% 100 150 200 220 300 K0 400 450 500 50 60D 650 OO0 R0 800 850 300 960

ARINC
4 bits

position en bit

‘BEA



i Detection and localisation of errors

. GCR errors for each offset

1 I II| ”"

o
il |.u||

decalage
— (=] — [ L% ) B [y ]

Which arguments can we
use to decide the way to
follow ?

k |1 I Illll IIlI|I|I|||

s | | | 1 | [ | ! | | | | | | |
0 5 100 150 200 220 300 350 400 450 500 550 600 650 700 750 600 850 300

position en bit

N ]
: ¥

|
%0




i Detection and localisation of errors
¥ - Application of the « likelihood algorithm »

5
« I I |
X | ||I| |1 | , 1N i
g “ N | | | |
3 ||| ]ILI | |1 ||
(0]
sel [ (I Il | [ — |
- 'II I Il WEW 1
|= | | | | | | | | | | | | | | | | |
0 S0 00 B0 A0 X M E A0 & K0 ® G0 @0 0 T M0 g0 A0 %
position en bit
04-
Offset +1
02-
D-D_I-I 1 1 I-I-I.I.I
o1 2 3 4 &5 B 7 #

Error probility = 32 %




i Detection and localisation of errors
.. Application of the « likelihood algorithm »

I III | | | Tl | II|III||| ||
| HIlullllllllmll : l| IIIIIII||I||I|I|I|I||II||II -

7 | | | | | | | | | | | | | | | | |
0 S M0t M A W B M0 & 0 F 60 g0 W W a0 B W@ %
position en bit

001 2 3 4 5 F 7 B

{10l

decalage
S = p—y ~o e . on

0.3-
0.2-

0.1-
0.0-

Offset +2

Error probability = 13 %




i Detection and localisation of errors
.. Application of the « likelihood algorithm »

1 | "ﬁ | ||||b |||||||| | | l'"'"ll N1 I||"|I|| i ||||||||| |

7l | | [ | [ I [ |
0 50 100 150 200 25I] 300 B0 400 450 EIJEI 55[! GIJU BEI] ?!]U 750 Bﬂ[l 850 900 950
position en bit

decalage
S = p—y ~o e . on

0.3-
Offset +3 0.
|:|.1_ II
I:I-I:I_I 1 1 1 1 1 1 1 1
o1 2 3 4 & A 7 &

Error probability = 27 %




i Detection and localisation of errors
.. Application of the « likelihood algorithm »

O b |||| IRIEEE WLl

I i L) ] llnmll %” |

7 | | | | | | | | | | | | | | | | |
0 S M0t M A W B M0 & 0 F 60 g0 W W a0 B W@ %
position en bit

decalage
S = p—y ~o e . on

0.3-
0.2-

lII
-I ] ] I-I ] ] ]

I:I.I:I_|
o1 2 3 4 5 & 7 f

Offset +4

Error probability = 26 %




1= Detection and localisation of errors
. Searching offsets and real jumps in bits

§
o HETIE L. I R
o o | |||| I | | | el
gz Ll | | —
(1)
o 1] II||/I|L {11
0- ) ||| n
L1 \/ i
|= | | [ [ | | [ |
0 50 100 150 I]El 25I] 300 350 40[I 450 B0 850 900 950

Real offsets




- Detection and localisation of errors
- Searching offsets and real jumps in bits

§
o HETIE o | |
0 0 J) T , |I I \ i
@ “ |
8 o 1] | Bl
i :
sl [0 (W] Il | I |
- 1 Il II || |III| II ﬂ
B @
A | | [ | [ I |
0 50 100 150 200 250 X300 30 400 50 500 550 GIIU BB[I ? 750 800 850 9011 950

position en bit

Real jumps in bits




,@ Detection and localisation of errors
s, Application

Localization dez codes gor enones

. IIII|||II : IIIIIII Il, NN ||
- ! ”": - “J | III"I II “ III IIDII IIIIIII III ”II i

1= [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ |
1 il 00 150 200 250 300 350 400 0 450 BOO  BRO BOO  BRO YO0 VRO 800 850 900 957

position en hit

decalage
ra
1

- _ﬂ1 [" Carriger H ['J sequence n® 48 Corrections
- 2811 L 957 Mombre 0
Debut 2345 Decalage = 2 |(5) Diebut 2345 Saut 5] DE:.EI-Ut Dr;gueur 987 oo H
Fin 2957 Decalage! S0 Saut 3.3 EATET = L |
Synchio debut : T3 Synchrofin: T4 Somme zauts vrais
Seul 0.00 | Crtere  [3.38 Type EDmES-Jralsemblance b 4 5
G- -4095
o= 2OEHE 20N 200409 -3000
- 1093156 112653 (03364 R
0- — 305 = =
— =1000
-3 [ | | | [ I [ | [ | [ | [ | [ I [ | —0
0 50 100 150 200 250 300 350 400 450 500 550 Il (sl 700 7a0 200 850 300 957
position en bit

Parametie Gauche : Aoc Vet W _ Hecalage_auhj) . Annuler j Paramelies Farametre Draite : Synchio %

I Waleurs

[l
i) Somence g i) L o)




,@ Detection and localisation of errors
s, Application

Localization dez codes gor enones

TS T " S AT IR I8 |
g ”"ln uld ol II|3|||'|||I iy

1= [ [ [ [ [ [ [ [ [ [ [ [ [ [ |
a all 00 150 200 250 300  3k0 400 450 ROO  BARO BOO ERO YOO ?EEI EIDEI EIEEI EIEIEI 957

position en hit

decalage
ra
1

- _ﬂ1 [" Carriger H ['J Sequence n® 48 Corrections
Mombre 0
Debut 3345 Decalage = [2 |(5) [  Debut 3345 Saut = 2| [5) Deﬁ_ut i1 Lﬂr;wﬂw 557 e H
Fin = 357 Decalane JE Sat 2.3 bl ___ L__|
Sunchro debut : T3 Synchra fin: T4 Somme sauts viaiz : 0 |
Seul 0.00 | Critere 13,33 Type EDmES-Jralsemblance b
E- =455
4= 2076348 2.996948 2.974059 3086216 3.186828 3280773 3.379148 3.255585 3000
& ~2000
|:|_
=1000
-3 I I I I I | I I I I I I I I I I I I =0
0 all] 100 180 200 20 300 350 400 450 AOO B0 00 a0 700 70 800 2l 300 957
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¥ Waleurs

[rif
i) Smence sy (Bl ) Fre )
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2. Correction of errors

. Method of the maximum of difference

FET—

500—
250—
D_
-250—\
50—
-FE1— L

| ! ! ! ! 1 ! 1 1 1 1
7049377 705000 705050 705100 FO5150 705200 705250 705300 705350 705400 705450 FOS5472
B —

amplitude (Valt)

50—
40—
30—
ol 2 2=
10—
|:|—

Duree transition

543 543 543 543 550 551 551 552 553 553 654 555 G655 556 5BE 557 BAE 553 563 560 560 561 562 BE2 562 5E3 GE3 564 G564 SEHEE

Fot 051 28013 445
25 -2 26 27 1
1 1 1] 1] 1 1 1] 1 1 1] 1 1 u] 1 u] 1 1 u] 1 1 1 u] 1 u] 1

7E2 VB3 FB4 FES  FBE  FEY =] 7E3 FEOFEOFF2 OFV3OFF4OYYROFVE FVF O FFE 73 FED 731 Faz2 Fe3 734 Fah F8E 737 7o 783 790 F91F9:
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£
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o
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=
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g

—iiz. Correction of errors
- Updating of the bit period

1261 —
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—its Correction of errors
- Digital filter design and adaptativ processing

Noise processing :
Lowpass Bessel filter

Correcting filter of the « entrefer effect »

Adaptativ processing :
Wiener filter




. Correction of errors
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- Application on an international investigation
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—itz. Conclusion

e GCR code 1s useful to detect and to
localize the decoding errors

 Filter design and signal processing are
helpful to correct errors

o Software designed improve the quality of
data retrieval In the case of a defective
magnetic recording

*
5-;:l




End of the

presentation
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1. Computation principles : 3 methods
% 2. Advantages and drawbacks of each method
' 3. A Human Machine Interface: TRAJECTO




. Computation principle: the Inertial Reference System-based

S method 1/5

+ Needed parameters:

¥ * Groundspeed
 Heading
1 * Drnift angle

e (Pressure altitude)




Computation principle: the IRS-based method 2/5

Groundspeed Heading +  Drift

. 1
Z

“Ground track”




r\ﬁ_} Computation principle: the 1RS-based method 3/5

Parameters sampled with period 7 ...

Time-increasing method:

P(n+15:%+fm

Time-decreasing method:

P(n—1)= P(n)—7V(n)




éﬁ# Computation principle: the IRS-based method 4/5

N
~ Estimates and corrections 1/2
Ignore the sideslip angle E \V
a
G
: '
B : /_>
e = fuselage unitary vector I = S V
S g
R —~ d,
S~ \/_=airspeed vector : \/4/
ok S
V E groundspeed vector ’




—ifs. Computation principle: the IRS-based method 5/5

-

R

Estimates and corrections 2/2

Correct pressure-altitude: 28 ft/hpa at sea level

true fdr

7, =7, +28x(QNH -1013.25)

Correct magnetic heading: magnetic declination

N geo N
. Nog e
4
n: /' eX
Cw=C.*tD
D : ,/ geo m m
m.'
-=s5’<::n;,"
S\
s 7
S
vV




» Computation principle: the anemometric-based method 1/3

Needed parameters:

*Computed airspeed

*Heading

*Pressure altitude

*(SAT or TAT)

*(Wind speed and Wind direction)




#s Computation principle: the anemometric-based method 2/3

T(2)=T,-Az-2,)

SAT  TAT
T /
=

heading

“air track”

W) = fWZz)W(z))
Wind Spd, Wind Dir

— |V(t)dt E )

s g e O {

-

*

GEA




. Computation principle: the anemometric-based method 3/3

Estimates and corrections

[gnore the sideslip angle

*Correct pressure-altitude (QNH)

*Correct magnetic heading (magnetic declination)

‘BEA




é Computation principle: the accelerometer-based method 1/5

Needed parameters:

*Accelerations along the 3 axes
Pitch attitude
*Roll attitude

*Heading




é Computation principle: the accelerometer-based method 2/5

— X
" A/C reference

system

Ground reference
system

gEA




. Computation principle: the accelerometer-based method 3/5

v Acceleration in -
eyt Transition ® - o Acceleration in
. Matrix — ground reference

Y system system

M reno® Ause = Ay ¥

0.5¢t”




-‘f@ Computation principle: the accelerometer-based method 4/5

LRNASE Y

Estimates and corrections 1/2

Correct the acceleration bias ?

Consider a stabilized flight phase in cruise...

==)> 1 force applying = weight

................................ {() i Ground
A/C { i reference

E;Ei:;lce Afdr+5A \Y/ e O \SyStem
l

bias
recorded Transition

acceleration matrix N M




. Computation principle: the accelerometer-based method 5/5

Estimates and corrections 2/2

*Correct magnetic heading (magnetic declination)

*Estimate an initial “Groundspeed vector”

= Initial groundspeed, track and Vz



,ﬁ) Comparative advantages and drawbacks

b,
- | Method n )
IRS *Reliable parameters | «Sideslip ignored
*Error growth is
linear

anemometric | *Parameters always *CAS not valid at low speed

recorded Sensitive to temperature and
*Error growth is wind information
linear «Sideslip ignored

accelerometric | *No sideslip problem, | «Error growth parabolic

best on short-term *Very sensitive to acceleration
bias estimation

*Need initial groundspeed vector




:Rx) Which method choose ?

%% Make the list of available information
Yo

@ Check limiting factors

*Time range of the computation

*Validity interval of your parameter

Assume the dynamic behavior of the a/c




Rﬁ_@. A Human Machine Interface: TRAJECTO (1/9)

«} TRAJECTO : Trajectoire Inertielle - 0] x|

Trajecta,.. Calculer...  Tracer... fide... Remargues ek Bugs...

Temps choisi: -
Plage de Temps ﬂ T initial: | 0 T final: 500

Choix des paramétres Lire._. | ﬂ -» Planche LEA |

ﬂ Groundzpeed: Ground Speed pasz=1.0000 =
ﬂ Mag. Heading: Heading paz=1.0000 =
| Sideslip/Drift Angle: Drift Angle pas=4.0000s 2|
ﬂ Frozs Afffude Afgecte Flah Frapeecfo paz=4.0000 =
J Paramétre: Houveau paramétre pas= X X503 5
J Parameétre: Mouveau parametie pas= X X308 =
Interpolation des paramétres effectuée entre T= 3.883 et T= 497_727 ﬂ
Paz de calcul de la trajectoire: 1z j ﬂ

Fichier Trajectoire: | 434330 _Anr_Transat_C-GITSATrajectoires\BS_Trajectory_For_Fun.xlz ﬂ

Titre: I A330, Air_Tranzat, C-GITS ﬂ

Dimensgion: I[::,y,z] "I

Continuer >







. A Human Machine Interface: TRAJECTO (3/9)

) ¥**¥ Trajectoire Inertielle *+*

Systéme de coordonnées I[}{est; nord; Zhaut] j

Unité: m j ﬂ Intégration: En temps croizsant [tD=instant initial] j

X[t0] en m: 500 QNH [hPa): [Tz ﬂ
7
Y[t0] en m: =20 J Déc. Magnétique [*]: | 2 ﬂ

£ Hetour Calculer




. A Human Machine Interface: TRAJECTO  (4/9)

) ¥¥¥ Trajectoire Inertielle *+*

Systéme de coordonnées I[Lungitude; Latitude; Altitude] j

Int&gration: En temps décroissant [t0=instant final

Longitude(t0): e000d00m00.00 | c003d45m12.23 GMNH [hPa): | 1017 ﬂ

2|

Latitude(t0): n00d0OmMO0.00 | L48d02m58.05 Déc. Magnétique [*]: | -2 ﬂ

<« Hetour Calculer




. A Human Machine Interface: TRAJECTO (5/9)

-} *** Trajectoire Anémomeétrique **+

Systéme de coordonnées I[}{est; rnord; Zhaut] j

Unité: Inm TI ﬂ Intégration: IEn temps croiszant [t0=instant initial] j

¥(t0) en nm: | 112 | QNH (hPa): [10105 2|
2
Y(t0) en nm: I 26 Déc. Magnétique ['): [ 1.5 ﬂ

=] &t =] 2

Température: IF"aramétre de température

Yent: IEaIcuIé par interpolation & partir d'informations météo j ﬂ

Z vrailft] Direction [*] Force [kt)

0 120 10

100 30

105 35

o

< Retour Calculer




. A Human Machine Interface: TRAJECTO  (6/9)

-} ¥ Trajectoire Anémométrique *++

Systéme de coordonnées Il}{est; Ynord: Zhaut] j

Unité: Inm 'I ﬂ Intégration: IEn temps croizsant [t0=instant initial] j

¥[t0) en nm: | 112 | QNH (hPa]: [o0s 2]
2
Y(t0) en nm: | 56 Déc. Magnétique ' [ 1.5 el

Température: IHudéIe de décroizzance de température j

A l'altitude Z[ft]= I 1500 La température statique SAT[*C)= I 5 ﬂ

Yent: IFaramétre de vent [Direction et ¥itesse) j ﬂ

< Retour Calculer




. A Human Machine Interface: TRAJECTO (7/9)

) ¥ Trajectoire Accélérométrique **+*

Systéme de coordonnées I[Hest; Ynord: Zhaut) j

Unité: Im vI ﬂ Intégration: IEn temps décroizsant [t0=inztant final] j

A[t0] en m: | 100 GroundSpeed[t0] en kt: | q0

2]

Y(t0) en m: | 150 Route(t0) en deg: 175
Z[t0] en ft: | -200 Vz(t0) en ft/min: [ 1000

Biais: Accél. LongL | 0 : Déc. Magnétique [7): | -2 ?

Calcul Automatique | Accel. Lat. | 0

7
Accél. Horm. ?

< Retour Calculer




Rﬁ_@. A Human Machine Interface: TRAJECTO  (8/9)

-} ¥¥¥ Biais accélérométriques : recherche d'une période d - 0] x|

Tempsz choisi: IT[:[: j Hecherche en: ITemps décroizzant j

Recherche a partir de t= I 1] Durée de la période= I '-'l ﬂ

Yanation du cap sur la période [en *] < I 1.0 ﬂ

Aszziette longitudinale sur la période [*] : Min > I 0.0 et Max < I 35
Yariation de I'assiette longitudinale sur la pénode [*] < I 1.0 ﬂ

Aszziette latérale sur la péniode [7] : IMaxl] < I 1.5 ﬂ

Yariation de I'assiette latérale sur la pénode [*] < I 2.5 ﬂ

Acceélérations [g] : Yariations € a : ? Ecart-type < a :

Longitudinale : D015 I 0002

Latérale : 0.020 | 0003

Mormale : 0.060 |  0.005

< Hetour Calculer




‘ A Human Machine Interface: TRAJECTO (9/9)

J Trajectoire-¥: TP 2004 Beech1900D_Tassiliairlines_7T-

Fichiet. ..

neEa YA/ 220

the Ting: :

| | |

2000 -1000 0 1000 2000 3000 4000 5000 G000
7=Est




End of presentation
thank you for your attention !
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-31"@- Syllabus

RN S

1. Origin and limitation of radar data
2. Assessing error on radar position

' 3. Assessing error on ground speed vector

7" 4. Computing further derived parameters




, Origin and limitations of RADAR data 1/5

When are radar data needed ?

In light aviation accident

*FDR i1s not recovered

Extract as much information as possible...

... validity of this information ?




?'T;:‘T@ Origin and limitations of RADAR data 2/5
RADAR=RAdio Detection And Ranging

*Radial distance p

*Bearing 0

Choose between several sources:

*Primary Surveillance Radar (PSR)

*Multi-Radar Data Processing System (MRDPS)




i, » Origin and limitations of RADAR data 3/5

answer (1090MHz)

A #

:) A/C transponder
question
(1030MHz)
SSR
Amode o P3 Message duration
identification —n " " Bz

\\
C mode #
altitude-presslon H ” " 211s



é Origin and limitations of RADAR data 4/5

¢ elistance radinle

FAELE PF L L L L P L h=Vp’-z* K distanss boriomiak

RADAR AU SOL z ¢ différence daltitnde

=3






' Assessing the RADAR position error 1/3

NN

Ground reference system (Oxyz):

; X= pz— 22 sin(6)

V=0 ~Z cos6)

Differential computation

A 'T/A'O—Jrzqsm +,/p zcos
P
Ay= T/Alg*_mko s(O)+ o —7]sin (0)A0
VA

~

-




_Ex}'@. Assessing the RADAR position error 2/3

wih

Ap =70m AQ =0.08° Az =50 ft
P (nm)| © (°) | z(ft) Ax (m)| Ay (m)
3 EE.S. ....... E 1500 ;3.6. .................. 5 ..6....; A
! E |
B 0 1500 LCT—" 71
........................................... ) P
30 45 5000 :;104 (04
30 45 300000 [106. | 106
70 45 30000 178 178 \
>
200 45 30000 |415 A15
S




 Assessing the RADAR position error 3/3

Conclusions:

Will not do better than Ap

“The closer, the better”

Beyond p=30 nm, limiting factor is A9

Beyond p=30 nm, z has no significant influence

‘BEA




s Assessing the error on groundspeed vector 1/3

i - Groundspeed 1n (Oxy)
Vﬁ _ \/(Xn+1_Xn)2: (y|j+1_yn)£ — AV? F 2\/A Xn:"A yn2

Groundspeed vector

e 2 1 Xoa ™ X Vertical speed
: nn+1)=— = :
: *- V ( ) T yn+1 yn -V;: Zn+1 Zn — > AV;:ZE
Zn+1 - Zn g z
Ko~ X“A yn+ yn+1_ ynA Xn

W = arctan{i(/”“);/”] ) (A W =2

Ground track

(Xn+1_Xn)2+(yn+1_yn)z




il Assessing the error on groundspeed vector 2/3

Ap =70m
Ag = O.OSO { Xn+1_Xn:3OO &/g :300kt)
AZ = 50 ft yn+1_ yn 2ol
P (nm) © )| z(ft) | T () AVekt)| AY | AVX(ft/min)
rreeer— e O
3 45 1500 8 i 38 6 750
3 45 1500 4.5 176 13 1500 :
30 45 30000 |8 72 12 750
I
30 45 2000 8 72 12 750
70 45 30000 |8 122 20 750




. Assessing the error on groundspeed vector 3/3

Conclusions:

AVe , Al and AVZ: so high !

Increase the sampling rate... EEE) Increase uncertainties!

AVe | AU : not sensitive to z

AV?Z : depends only on sampling rate




, Computing further derived parameters

/ A= C;—\’[/

*Acceleration ]
Turn rate T Q=—
dt

*Bank angl
ank angle \tan(@zv %* ()

*Angle of attack...

- Parameters computed from derived
parameters...
Be careful with the computation of
derived parameters

‘BEA



End of presentation
thank vou for yvour attention!
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