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1 .BACKGROUND

= FDM State of the Art:

A

altitude

Example #1

.. R~ g

Altitude Drop During Approach Phase

horizontal distance

Example #2

Trajectory Computation
Real Trajectory

Measured Trajectory

‘Based on recorded variables and analytical analysis".

» Elevator (jammed or not ?)
= Wind speed — but we only have horizontal wind

speed.
" ?

Runway Overrun

= Spoiler deployment.
» Thrust Reverser.

= Brakes.
=7

= Yaw, pitch, roll angles.

= Latitude, longitude, altitude.
" ?
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1.BACKGROUND

But how If all the measured variables do not provide us
with sufficient information which enable us to
Investigate the cause of the event (or the worst case
might be an incident/accident)

;:'5\

P

One answer might be ....

We need to look deeper Into
the datal
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1 .BACKGROUND

= Beyond FDM State of the Art:

« Extracting parameters which are not measured on QAR data.
« These unmeasured parameters provide information which can be
used for event detection or incident/accident investigation.

Altitude Drop During Approach Phase
1. " Some investigated parameters

flight path
~~~~~~ .; based on current FDM approach.

» Elevator (jammed or not ?)
- = \Wind speed — but we only have

horizontal wind speed.
" ?

order to provide more information

altitude

Example #1

horizontal distance

ESTIMATION

METHOD = Lift and drag coefficient
= Wind speed component (X,y,z)
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1 .BACKGROUND

= Beyond FDM State of the Art

Runway Overrun

Example #2

based on current FDM approach.

= Spoiler deployment.
» Thrust Reverser.

= Brakes.
= ?

—

order to provide more information

ESTIMATION
METHOD

= Runway friction coefficient
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2. TecHNiQuE Usep in FLIGHT SysTEM IDENTIFICATION

= The technique called Output Error Method is used for estimating the

unmeasured/unrecorded parameters.
» This technique is commonly used in Flight Vehicle System Identification.
= The Output Error Method works based on Maximum Likelihood principle.

‘ Select parameters ©® which maximize the conditional probability
of measurement (Z) given parameters (8) or which minimizes the

!/
- In(p(Z19))
16 \
§ 10
N
& 04
Z(k)
1 1§ Tip1-1
_ ~5 SN [z—yIT[R][z-y] _ L
p(z|0) = (Zn)%/ﬁe 2 which minimizes the — Inp (Z|0)

Z = measurement
y =model --function of
R = measurement covariance matrix
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3.Case Stupy

= Cases:

« Case #1 — Lift & drag coefficient due to flap deflection.
« Case #2 — Wind speed component estimation.
» Case #3 — Runway friction and aerodynamic coefficient.

Flight Segment for Each Case Study

< CASE #1 o CASE #2 — i€—— CASE #3 —>

2000

1000

altitude [m-AGL]
I
(=]
=
I
g

500

» Data used: A340-600 QAR Data. Variables include:

* Measurement from accelerometers (ay, a,, a,)

« Measurement from gyroscope (yaw, pitch, roll, and their rate).
« Measurement from pitot tube, a and - vane (airspeed, AoA, AoS).
 Measurement from altimeter (altitude).

* In every segment, the bias in the measurement is estimated in order to
improve the accuracy of the estimates.
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3. IMPLEMENTATION AND RESULTS

= Case #1: Lift & Drag Coefficient Increment due to Flap Deflection

Estimation Step Workflow

Estimation Method

Qutput Error
Method

l

Selected Datg - Data_\ with Aerodyngmm
- Compatibility Bias Coefficient
Flight Data _ ' .
Check Correction Estimation

Estimated Parametersl i i
Bias in the measurement are

postulated in kinematic equations
Aay, Aay, Aa, and are estimated by employing

AV, Aa, AB output-error method. This process is

if*;- iﬁ- i‘f commonly applied in Flight Vehicle

System ldentification for data
= Aa,,,,: bias in accelerometer sensor. compatibility check purpose.

» AV, Aa,AB: bias in flow measurement.

" A¢, A0, A@, Ap, Aq, Ar: bias in gyroscope sensors.
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3. IMPLEMENTATION AND RESULTS

» Case #1: Lift & Drag Coefficient Increment due to Flap Deflection

Bias Estimation

Results

¢ [deg]

140

120

100

W [mfs]

80

Est. |
I i 60

o [deg]

p [deg]

260 i i i H H 1 H 1
1200 1250 1300 1350 1400 1450 1500 1550 1600

2 I H H H H I H i
1200 1250 1300 1350 1400 1450 1500 1850  160C
time [sec]

time [sec]
& |
Parameters Value Std.Dev. Parameters Value Std.Dev.
da,:  -7.027E-03 [m/s?] 7.085E-04 AV 1.305E-01  [m/s] 4.572E-02
4day:  -2.392E-01  [m/s?] 7.671E-04 Aa:  -1527E-02  [rad] 3.243E-04
Aay: 2.021E-01 [m/SZ] 7.671E-05 AB: -1.398E-03 [rad] 3.373E-05
Ap: -5.261E-04 [rad/s] 6.268E-07 Ag: 5.236E-03 [rad] 2 184E-04
A4q. 2.869E-06 [rad/s] 5.930E-07 A40: -1.057E-03  [rad] 8.299E-05
Ar: -5.969E-04  [rad/s] 8.718E-07 Ag: -1.141E-02  [rad] 2.009E-04
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3. IMPLEMENTATION AND RESULTS

» Case #1: Lift & Drag Coefficient Increment due to Flap Deflection

This slides is deleted for publication purpose!
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3. IMPLEMENTATION AND RESULTS

» Case #2: Wind Speed Component Estimation — Postulated Model

435 ' : : :
—»a—— CASE#2 —>» ‘€——— CASE #3 —>

201

altitude [m-AGL]

——
-
—
-
———
-

& - - - » Distance to runway ~ 8.18 km

i

data length = 100 sec.

E _ ~E __ rEfrb I, = Airspeed in aerodynamic frame.
VW Cb Vb Cb CaVa V, = Speed in body frame.
V£ = wind speed component earth fame.

CE = matrix transformation from body to earth frame.

Ct = matrix transformation from wind to body frame.
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3. IMPLEMENTATION AND RESULTS

» Case #2: Wind Speed Component Estimation (Results)
Wind Speed Component Estimation

1 ot |
— ; i i H : 2 2 :
E 05 R
E:x:
| | | |
0 8
8 T T T T 6

- Measurement

)
T

Estimated ! ! H . H H
0 i i i i i i i i i
1660 1570 1580 1590 1600 1610 1620 1630 1640 1650 1660

wind speed [m/s]
.

time [sec]
R2=83 %
-1 | | | | |
1%60 1580 1600 1620 1640 1660
time [sec] R2 = coefficient of determination

__~ -~

Proof of concept — comparison between
These components are not recorded measured horizontal wind speed and

on QAR Data reconstructed horizontal wind speed.
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3. IMPLEMENTATION AND RESULTS

» Case #3: Runway Friction, Lift and Drag Coefficient Estimation (pata selection)

€—— CASE #3 —n—
: Landing Roll : . ]
Landing Roll Segmentation

A: Spoiler Deployed
--------- i % B: Spoiler + Thrust Reverser Deployed
C: Spoiler + Thrust Reverser Deployed + Braking

data length = 45 sec. N D: Spoiler Deployed + Braking

—

15 |
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@ l ' :
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c 051 | ! E —
- \
| | L | | | L '
«— A :i: B >l C :E: D >
1.5 | i T i T | | - i
— | |
= " | | | g
2 046 ! \ ‘
! / ! L ! I ! ! || !
0 f T f
| | |
| | |
T 1 T
| | |
| ; |
|
| | |
| | |
| | |
|
|
|
|

500 |
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0 I I I
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)/ Institute of m
Flight System Dynamics




3. IMPLEMENTATION AND RESULTS

» Case #3: Runway Friction, Lift and Drag Coefficient Estimation (postulated Model)
Phase A: Spoiler Deployed

- m-ay~—q-S:Cps— Hrou- (m-g-q-5-Crg) + 6T Corrected acceleration is

Phase B: Spoiler + Thrust Reverser Deployed obtained from previous
step (bias correction) and

- m-d,~—q-S Cps— oy (M g—q-S-Crg)—8Torpy | each equation is then

| solved by using least

Phase C: Spoiler + Thrust Reverser Deployed + Braking square method

m-a,~—q-S Cps— Meouprkc" (M g —q°S-Cp5) — 8rTorev
Phase D: Spoiler Deployed + Braking

______________________________________________________________________

a, :corrected horizontal acceleration S . wing area

m :mass Uroll - rolling friction coef.

q : dynamic pressure Hroubrk - rolling+braking friction coef.
g : gravity constant Crc . lift coef. during ground run.
Cp s : drag coef. during spoiler deployed. T, : thrust

6r : throttle input
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3. IMPLEMENTATION AND RESULTS

» Case #3: Runway Friction, Lift and Drag Coefficient Estimation (results)

This slides is deleted for publication purpose!
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5. CoNCLUSIONS

= Estimation technique, commonly applied in System Identification field,
can also be implemented on QAR data to estimate the

unmeasured/unrecorded parameters.

» The extracted parameters can be used for event detection or for
Investigating the cause of incident/accident in which the measured

variables on QAR data are not able to provide such information.

* The estimation technique described before can be integrated into the
current FDM software aiming at extending the FDM capabilities — it

would provide more information (give accurate analysis).
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5. CoNCLUSIONS

= The computation time took not more than 30 seconds for each flight
phase. The computation time is highly depending on the number of

measurements involved in the estimation process.

= Can be run on massive data but requires an algoritm for flight

segmentation.
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Recent ResuLTs

= |t would be better to represent the parameters in distribution form instead of a

single value. This is due to some contributing factors which makes QAR data has
some uncertainties such as:

= Untailored flight manuever.
» Low and different sampling rate.
= Untailored control input.

Bayesian Method

— .

3| | ]

. _ VS

L :

o |—.I—| 1

050 IZI-.:_GS 060
6 = single value 6 = distributed

Parameter distribution captures
the uncertaintes in the data.
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Recent ResuLTs

Lift Coefficient and Its Increment Due to Flap Deflection in Distribution Form

This slides is deleted for publication purpose!
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MAXIMUM LIKELIHOOD PRINCIPLE

1 _
max — p(zle) — s e 2 21]¥=1[z(tk)_y(tk)]T[R] 1[Z(tk)_y(tk)] (1)

(2m)Zz/IR|

or minimizing the — logarithmic of likelihood function:

1% IR Nn,
J(©) = (L(z|®) = 32 [z(k) — y(R)]"[R]~[2(k) — y(K)] + —ln[det(R)] +Tln(2ﬂ) - (2)
(@) ., (9](0) dJ(@) 0%J(@) _
30 0 < a0 >i+1 ( a0 >i+< 302 )iAO—O -0
o | (IO (210 o
7"\ ee7 )| \Tee )
A® = —-F1g .. (5)
where: :
;o z [ay(tk) [ay(tk)] z = measurement/observation
! y = output model
G=-> DL 1ty -yt
k+1| 00 n, = number of output
Parameters are updated by using equation (6) below: R = matrix covariance

0;,1=0;+40
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KINEMATIC EQUATIONS

Kinematic equations are used for data compatibilty check aiming at determining
the bias error or scale factor which might exist in the measurements.

Slale EUatiONS:

V = (@,cosa + a,sina)cosP + a,sinf +
g(cosBcospsinacosf + cosOsingcosfS — sinfcosacosf)

= Vcos 3 [d,cosa — d,sina + g(cosOcospcosa + sinfsina)] + §
—tanf (pcosa + r'sina) (1)
g = %[&ycosﬁ — (d,cosa + a,sina)sinf +

g(cosBsingcosf + (sinfcosa — cosOcospsina)sinf)] +psina — fcosa

¢ = p + gsingtand + Fcosgtand Measurement Equations:  [EESSSSESSSEESES

6 = Gcos¢ — fsing

.V =V +AV bPm=¢ + Ad
| Y = gsingsech + Fcospsechd Cam = Kya+Aa 0, =0+ A6 2)
. where, B =KgB 0B =1+ Ay

- - Parameters to be Estimated: Sy
ay = aym —Aay, §=qm —Aq
7 =r

a, = a,, — Aa, m — Ar ' 0 = [Aay Aay Aa, Ad A6 Ap Ap Aq Ar AV Aa AB K, Kﬁ]
(3)

)/Institute of m
Flight System Dynamics




1 _
a, = m—g(qscx +T7)

1 _
a, ~ m—g(qscz)

—_—

a,,a,, and @ are obtained
from Data Compatibility
Check.

... In body axes (1)

POSTULATED MODEL FOR AERODYNAMIC ESTIMATION

aerodynamic model

CL = CLO +ACL
CD = CDO +ACD

C, = —Czcosa + Cysind
Cp = —Cxcos@ — Cysind

A

.. iInwind axes (2)
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