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Time Title (Speaker) FAZEREH
09:30-10:15 General introduction to e T 7 e\ f o A EALES

runway veer-off risk and | #2525

monitoring (Gerard van

Es NLR)

10:15-11:00 Algorithms for calculating | [#3% & ES TR AT ERHHEE
crosswind during the SINTEEDE
landing (Peter van der
Geest NLR)

11:00-11:15 Coffee Break

11:15-12:00 Algorithms for landing [o55% P B TR &R LB
trajectory calculation EHEEEE




(Peter van der Geest NLR)

12:00-13:00

Lunch
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Algorithms for vertical
speed calculation (Peter

van der Geest NLR)
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13:30-14:15

Assessing the relative risk
of veer-off associated with
a given set of conditions
(David Barry, Cranfield

University)
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14:15-14:45

Coffee Break

14:45-15:30

Advanced techniques for
analyzing flight data for
runway veer-off risk (Sara
Lagunas Caballero,

Airbus)
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15:30-16:15

Use of machine learning
tools for runway excursion
risk monitoring (Gerard
van Es and Vincent de

Vries NLR)
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16:15-16:45

Connecting the dots: How
can airlines monitor

runway veer-off risk
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(Gerard van Es NLR)

16:45-17:00

Wrap-up of the workshop
and discussion on next

steps (Gerard van Es NLR)
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3.1 fmitiE bR o e B B

fHE NLR IR 2 4iat &R} - fRiiEEE (runway veer-off ) S A4 AR K
B P ERIIEE B Rl Ry 17% K 83% » N {EREAE % P L H B i B R R T
FITER 2 B RS EE—F > MR E - FiN REreE - PR E
JRAaH B VS A IEMEE N 2 B al T BV (B 3)  Aifse B2t
Y S EE R B 1% 2 VB PR G T 5 o B SR\ b B 1T 7 2 S AR B R E
MEsERZEE (B 4)  IPRET S EROR 2 2N - BIFRFM: - (57 RS
BARMEIE R 1% » EaaH ARG FDM 3 2 TE S - i S E R
BTG 2 B IEAE - ZEIN RS B DL S R B ASUE RS B RN -

0% 20% 40% 60% 80%

Flying technique

Crosswind

Slippery runway B Landing
B Takeoff

Technical problem

Inaccurate info to
crew

Asymmetric thrust

One veeroff can have more than one cause
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* FUTURE SKY

*** SAFETY

Data sources

Touchdown dispersion: algorithm
Vertical speed at touchdown: algorithm
Bank angle: QAR

Decrab manoeuvre: QAR

if

from CL:
algorithm

| Deviation

Control inputs: QAR
Bank angle: QAR

- METAR Rudder use: QAR
Asymmetrical braking: QAR

'-"'J‘"' g “l l_,n-—y—
M Nosewheel steering: QAR
Crosswind: algorithm Reverse thrust: QAR

[l 4 R B TR e 5
3.2. M ER AN ERAE S

¥ FDM B S > SRATER AR M f2 BE H (b o A AV IR 75 > B
et % P i (i L e 22 (PR e R B 02 ~ TRATTNBIR DA R AT ey
e { AR > AR A TRATERIEEN: R e /R E = - (BN EACER S A G sk
A RE 25 SR R PRI S AR B B I B35 AR/ N 1 2 5280 e A
R BN B B AWTFT R e IR TA E S R T S B il R
AR e - LB Ry B FE EU A A B R AU e 2 452
WEH R EERATE R LR RER - AR T 7R R AR T -

RS -

(R s R - SR RN T S EELY 24% DRI PR P B 2 (L (B 1
T B A B Z (HlF S TERAE - BIRT T BRATAH S AR T RS IR FREE O
FEATRE Z DR - AT FEeR R AT 20 F0 2 f) ~ BlEH 10 23 KUY E] R UK
(AR EAOR B AR - WEORHGRZETR /NG 2 TR - AR AT 2 R
JE\ B E AR B TRATE B Z4 (FMS) ~ B 25 %48 (IRS) B2 HITTRR
& (METAR) > 28110 FMS 2 JElZR & EHER A 30 MPREEh-135 HLRIE LIS
a7 o IRS RIS PR 2 Fhi (I R e (R SO R R IS I DB B 2 ~ HAEERE

Runway state:  Lateral deviation: algorithm



Bl 12 B HEOrR 2 A 470 195 METAR JEUEERRRI F 10 3881y
1B H&F 30 srs#f #&fi—2R - BB AT e e g PE B Z EES S EHE

BTSRRI RARITIE A DIE A (H#EEE £ GPS sifEss
VR ILS 2B - e ~ HZER (TR RS SRS ) » 2
KR CHpURE AR = BiA 2R s 7 Mt A S80S ) B R EE(
5) FOMBRE Il #3925 B AR BB AN B VA TE A FEE MR 22 oo A B FH R 5 (P
MEst > B HUEsh ATEEY 10 Mo R B2 LRl 396 {HEfTHIRATE L2
IRS Ef#5 METAR JalZE &R - H o S R B IRS a2 572 57 51 Ry (I 0.01
AR CPS(E D ~ L4 By (B2 ) R 0.64 )8y (SPH9(E ) ~ 1.1 8 (FF
) MEEEZS METAR BURLEE R E S EG Y& (B 6) > BUREEE
AR 2 FISEREE A e FDM 3K -

* X

: : Pl
Reconstruction from flight data )
Basic parameters:
Ground Track (y) s
o

A
&

Heading () ,J
True Airspeed (V)
Ground speed (Vg) Slipangle —]
Sideslip angle ()

~ .
| —— Crosswind

|l
T Wind direction

VWCTOSS =V Sin(:x s B)
Vweair = Vg — V cos(x — v — B)

East - True

Reconstruction of surface wind components
from flight data

5 DURIT S ERREE AR A
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Crosswind Headwind

Correlation METAR and QAR data, crosswind Correlation METAR and QAR data, headwind
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-10 G54,
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Reconstructed crosswind component [kt]
]
Reconstructed headwind component [ki]
o
>

[s e
(b P

-20 -10

-20 -10 0 10 20 -10 0 10 20
METAR - wind (cross) [ki] METAR - wind (head) [k]

6 T E R R E R EL METAR JEUE 2 AH B PR
TRATTER AT -

R P R il it T 12 2 FRATTINIEN DA R g b BEAEREE 2 B (18 7) 0 Bk
WitE A fwz (lateral deviation ) ~ &~FHH[%% (long landing ) & & & s 25l
i 2 Fe e P2l RORGER 7 B EHA RS > TR PRI BRE 2 RTINS F2 L (] i 2
R By B R s . FDM EESHEIE - R &5 BT 8%
KE GPS » HAIEMEE AL Fy 30 AR - FHENAEEEMIE TR 60 AR 3R7ELL
Bl s BRATEEE M 2 A FDM 7 I RATE R P R sk 2 fedn BB S S aC
¥ (RALT) 2% > FHz%#EHT 50 IR BROETE(I B 1% - Fll R ETE et B 2 kY
R > R RE L IS B A A E AL e (localizer) B8 - HUAEIEM
HRTEE 2 R RATEEMEE - BB EmE AR -

TETRATENERAE It B - ARWFFTFI A ILS g RES (glideslope ) ~ it {r{]
ZRE RGN - B8 = el BE T R M AU B A B & ) (L
([E 8) > ZFER ILS /B ER ARG » MBS 3 N IgE > M m i B
2Ry 8L AR (CATLILS) K 6.9 AR (CAT 2 ILS) - i LU R ffefy = [ R
it RE T > AR IR L BRI RIE 100 IREAPY -

FIEFEITRATEET A > BT T A B DI R oy ~ MR R AR 7y LA
FAEAEMEFTEFILITE - A == &AH S - (RAREER B R 2 [
B ARFERE =B A THHRAAD - Soff =T U5 sEP st Rk 2 % > 2L
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RN (complementary filtering ) 197 =CESS (LA 57 2825 R FHBRIEN (1 2
(B 9) > ELERAE 10 (T) Fim » BT IETE AREEIE - T3
e A 1 e AT -

R 7 R BRI — R ARSI R 6 T2 EA AR R (T 5047 -
3PS B B B 2 60 S (i B A AE 11 T - TS
5 S R Y - R 60 SN i B IR T i AR (T
it B b 48 F 355597 -

Radio Altitude [ft]

1000 1500 2000 2500
Distance from threshold [m]

[ E [ [ [
E \
g i)™= "‘ N
. -y E ———

ki ¥

50 I I [ I I

-500 0 500 1000 1500 2000 2500
Distance from threshold [m]
7 RIS RT 1% 2 TRATTEET

Glideslope deviation 3 degree glide slope

*R=954 ft.

AH + 50 ft = Rtan(y + Ay)

50 ft.

_ Glideslope
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8 %

R (i B 3

Nx_body [g]

Ny_body [g]

MNz_body [g]
Thela (pilch angle) [deg]

Phi (roll angle [deg]

Nx_body [a]

Aty [mis]
Ny_body [g]
Nz_body [g]

foy_rwy [mis]

Theta (pitch angle) [deg]

Phi (roll angle [deg]
Az_ruey |

D 3
Chi (true track angle] [deg}
Runway_bearing

Runway beanng true [deg]

Deta Chi [deg]

Axes transformation from body to runway axes

Ay in RWY axes[m/sZ

Lateral deviation, derived from lateral acc

Axin RWY axes [m/s2]

Ay_biased
Ay_unbiased
Yelot rwy

Ll

Bias Removal

P 1
Initial condition (Ydot_rwy @ =03 |, s
‘o

Az in RWY axes [m/42]

Ay_unbiased [m/s2]

Integratort

eleration

Y_rwy_acc [m]

sin

V_ground (ground speed) [mfs]

{0

—
x

Product

Ydol_rwy [m/s]

Lateral deviation, derived from ground speed

Initial condition (Y_rwy_loc @ 1=0) s

o

Integrator

Y_ray_vg [m]

Localizer Deviation [dots]

Disatance to threshold [m]

Distanca THR to L7

Localizer Deviation [ots]

Lateral deviation, derived from localizer deviation

Disalance to hreshold [m] ¥_rwy_loc [m]

Distanca_THR_to_LLZ

Distance threshold (o localizer

Conversion LLZ deviation to Lateral deviation

Y _rwy_loc [m]

Y_my_lec [m]

1

“dot_wy (mis)

»
>

s
Integrator

Lat. dev. from
acceleration

1 1

Lat. dev. from groundspeed

Basic principle of complementary filtering

1
(tau1xtau2 52 +tau 1 +tau2)s+1
Low-pass

izen,

(taul+tau2)s
(tauxtau2)s? +(tau 1 +tau2)s+1

Band_pass

{tau1xtau2)s?

&0

Ay_rwy (m/s2)

B s
Integratoriintegrator2

>
(tau xtau2 ) +(tau 1 +au2)s+1
High_pass

Y_nwy_complementary [m]

S Equals: 2

1

Y

(tauxtau2 ) +(tau 1 +tau2)s+1

Low-passi

(tau 1+tau2)

A 4

(tauixtau2 )52+(tau1 +tau2js+1
Low_pass?

(tautxtauz)

v

(tau1xtau2 s2+(taut +tau)s+1
Low_pass3

Y_rwy_complementary (m]1

B

9 [#%

BB AL B 2 R E (B) RO

N
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Example landing

at Schiphol RWY 18R

3000

500 o
~ a
400 AN
= \
£ 3m
% N \f\
B N id
x \\ ~
100 \\
[~
0
50 &0 70 80 ad 100 110
2':' T T E
— from lateral acceleration ~
. VO s from groundspeed fﬁ\\
E gl =from Localzer
5 —comiplementary fiter _‘ﬁ
§ -10 4 N
g, :
- -20
ngEﬂﬁ
-
-40 fod
-50 E
S0 60 70 a0 a0 100 110
Time [sec]
10 FRATEERGRE R AT4ER (1) A& adrasRibE ()
Location at touc hdown
£ 50 T T T T T
5
£ of—-— Aoy et -
= 5
b
=0 i i i r i
o 500 1000 1500 2000 2500
Location at rurmy [m]
Location at GOk
= 50 T T T T T
5
: ofmmmn B R
'_E -
b
_50 t i i L i

500 1000
Loc

1500
ation at rurmay [m]

e 11 Fe—AE R iR (B ROsaRZE 60 B/ (F) L& 1H

EEHRR :

FZE S E Mgty 2 3 B R Ry EE WM&@F&@L%&ZHMI%E@%

A G E i 2 B SR E
E@T%%%&tﬁﬁﬁﬁ’ﬁﬁﬁz
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DRI B (6 FHIRF A > SN ffms LB E 2 Ja\ B > BT DA IR I iy e B R 0
1T FOM TR EREIEZ — -

BB P R Rz 28 BRI ZS PR & - % BARI M 22 28V E ER R A B S
> G5k BSHYEE HRRACER BRI B AR = S iR T i (% B i EIRORE 25
BURTMERF FAVEEE > P82 2t il RUBRE T & 2 B A€ (ground effect )
OB > NILAC SR ER T FUARRA S A T IS S FEN S 23 Bt g A EE T
FAMELE FDM ¥ 72 B 7% 3t Ay ) B RO 8 40 3% 28 2 170 2R FE 51 ( normal
accelerometer ) EH - ZiBEGELINEE I HETE GAERABEEEE - A
IR [EIRTZ SR Lo [y IR S ST A4S B~ IR ARl B HE R B fe e -
R R R s B R I RE RS I B S 2 J1IB T SR B LU R
AT e H % KA IR AR i E B AR B sk as 4l s 2 U ok 1S
FeE 3% T B SRR 5 B R o

ARWFT b = EARARE R T30 A IR ) - RS ST DR R
SR o WAL SR AR AL S —OFELERAIE 12 PR o ] R E =R 7 =B ERAD
Pkes B BRI - A A E& BN (noise) Kfmz= (bias) i > {F
ER S EE A 1% PR (R 02 AR 70 B SR B v R AL 7 Y Al R R U
B Hj R EamfLEn g )E R (low-pass moving average filter, LPMA ) JEEE »
P ABCEE [ 2R S B SRR = S 2 SR R R = R gk 2 35 - HAE R E 13 P
T AR T HERAR L SOEERAE TR i — AR E [ F VA SR AR SRR
B ATERAZELY Ry +-24 TR ~ FEAEZE+/-14 IR -

ERRAWTFERT T 7,275 PEIEEIE A - 9,122 PIVUSFEAS L ~ 13,449 PLEESE
RS 21,511 BEZAEAG B IRAVAC sk ey BRI ACHEN T AT aeat - HAERAIE]
14 Frzl > PR SRR TE SRR R 24 - S AT e [E% 2 figith 35 R
ARSI A EES 2 B R -

festsm LIS - AR LPMA SEEDA TR RATERIEREN: » B
= FDM J57AM7E ) - RAGRE B E EAth FDM 285 | -
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Example VIS recorded on QAR

500 T T I = I .
Differentiated F\’.ﬁ.\ =
E o,
E 0
=]
8
(=1
)
S 500
T
g VIS ADIRS
-1000 L
80 85 90 g5 100 105 110
12 =5 2GR 2 2 H AR REIRATE RSO s PEEE IR
Vertical speed
200 . ,
True VIS |
oF e /S compl. LPMA . P ",

— VIS from Nz s ’\_

— VIS from RA ¥ ’
= |
E
=

15

Time (sec)

& 13 LPMA JEFEUABIIZERR Ty (N2) RIERE M (RA) ZHHHRY

s R ELE:

15



FDM data, 7275 landings
1000 T T T T T

900 -

800 -

700 -

600 -

500

400 -

300 -

200 -

100 -

0 r
-500 -400 -300 -200 -100 0 100
Vertical speed [ft/min], + up

100 FDM data 9122 landings, wide-body Type A, 4-eng FDM data 13449 landings, wide-body Type A, 2-eng
: T T T T 1500

T T T T T

n: 166 f/min

1000 Std Dev: 73 fUmin Mean: 170 ft/min

Std Dev: 70 ft/min

800 1000
600
400 500

200

0 Q
-500 -400 -300 -200 -100 0 100 -500 -400 -300 -200 -100 0 100
Vertical Speed [ft/min], + up Vertical Speed [ft/min], + up
FDM data 21511 landings, narrow-body Type A FDM data 2067 landings, wide-body Type B, 2-eng
3000 T T T T T 250 T T T T T
2500 - 1 Mean: 141 f/min

Mean: 184 ft/min

Std Dev: 70 ft/min Std Dev: 58 ft/min

2000

1500

1000

500

-500 -400 -300 -200 -100 0 100 -500 -400 -300 -200 -100 0 100
Vertical Speed [ft/min], + up Vertical Speed [fymin], + up

14 WFEBAA [EI AL sty T 2R S i B P

16



3.3. FDM Rt B B 3 A < RBHE W 5T

A FOM THZEER T B — s B 2 8 2 A SR EEA DT R
il Ry BT s i FE AR - ZREIRTEIE S R B SR N TR A T 2 6858 - B
BRI it — iR R &b oA (B2 H AINTE R D DU R
FUEDRIY RH5 > sEfEfit FDM EHNEENE BB MEZ EEHOBIEIEAYE
0 ABFER R FAAE E A R AT B R EL B /Y 5 20 B TRATE R 8 1]
RERY (R L E A U - SERSERTER S 2 P LA E B A S I B 25
AR & AR T R RORA TS () > oy Bl

TSR AT -

S RIIE R TR ST S EIR A HUE B, (R M) > Bl A320 HRAY/E
BIOMAT 10 4 (PH7T 2002-2010 47 ) 31 E{EMTHIAYRATER (S#MTE METAR)
R R R > M TR R b o FROE Ry st S50 s 25 {18 e
DR~ [ A T L R B B AR R > PR R 2 Jo o A~ B L e 2 1 [ ff 22

(lateral deviation) HYSESRAHESAEL— HAUERGEE ([ 15)  HARGAHOE
Tt > BT A320 HRIUAEBION 5P B R i 2 R Ry 3,500 &2 1>
QIREIEZ 4 972 1 i A AR B 7 B = el — I 1=l
ke > Do T AR IR AR ) ZBIRREA(L - ARIRRR SIS -
Ja ~ KPR R B R PR DT > Eras AE 16 For o R E s
B hnEE 338% - HIRZMIDHFELLIERE B &t 3 Ll Eim a2 mbg - Abtse
A E A EI YRR & - B BRI TR b 2 LEE A > I HERE

GRIAPEIT 2011 2 SHYRBTERHETT N —FEEHIIRTASS - BRI ST 5 Ja
PR B 1R BB A R A T SRR (B b - ARSERER B DAY N 2 TR 3L
BRHEFT AT -

*

* * >
* FUTURE SKY
* Lk SAFETY

Bayesian network for landing veer-off

Speed > 20kt Glide > 1dot

Hard landing

15 ftHptiE R b 2 H =R s
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Factors present P(Lateral Deviation) m

As modelled 2.88E-08

5.36E-08 86%
Unstable + Xwind 8.23E-08 185%
Unstable + Xwind + Gust + Wet 1.26E-07 338%

16 HAMER BRI rER 2 o —f

,@,Sg:

22 S AR SR B RIE S S A A PR A2 (machine learning ) #5957 >
FRAAET-BrEE AR AR AT AZ A B E RIS R IR T B SR DATEHNR (i pe e o b 2 A
TH&E (artificial intelligence, Al) T B - HIERE T ZA AR EHIB R ALK #E Y
B BERC AR RS Al iRV TR Y » Hp Bl SIS eV E EirbE
A5 BB A S S AE R H E AT WM - B S AEAE AR A | SE R iR

(data treatment) ([& 16 ) DI EEES#E (actual algorithm development) ([
17) FAPEES -

IR » FREEBFI 145 9 AS20 TUBHESERSERIARATE R
LRI 34 TERRIERFL R, %85 - NEFE R BRI SR (750
T A T IR B R O RO B Al B 20 -

PRMAERE(ERTIE - B S e 2 Bk G EEAGHY 0.3% - FISRAYIES 5 EE
B RETR » 1 HEDER Wi )& fm HEGE Y B AVEBLRER () Al SISk A DAME
RIS AEE R BESIESF I - B Al Bl BV E S AV EREME I SRE R 5
R FEE AN ST TR

W IR R 1 PR Rl & PE R X HUER 7574 (Random Undersampling ) K¢ 7E )&
b oa K 2K 49 P& ( Adaptive Boosting, AdaBoost ) HYJ RUSBoost JE &k
(RUS+AdaBoost ) ([& 18) - #EHlpk 4B EEE S %A (Cost-Sensitive Learning) A
ZERA i B B P 2 BB &SR SR R A% 2 12 Al [ 4s E R HIERATE
AR R AT R 22 25 (A A0 B A A ffm HE P28 2 TEENME 22 70.6% % 84% 7 i » B [HtiE
Al g 702 RITHY » ZEP A EEHEIDACL R Ry AR - i LA T =N 4R
FC AR e JE B HIEE A AT AT » AR AR R A FFREAVE Bl A7 =T 2 8hRE
RUNFHE - e BISRE A MZE 88 b (B8 N 2 S (R BIRF R AT sERY IR
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Settings Recall Right [Recall Left |Training time
1000 trees + LR=0.1 76 % 76 % 22s

10000 trees + LR=0.1 |(70.6 % 79.9 % 217 s

1000 trees + LR=0.01 (73.5% 84 % 23.7 s

10000 trees + LR=0.01 (76.5 % 78.9 % 213 s
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