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HanpasieHnio «PaspaboTka KoOMIUIeKca Mep, HAMpaBACHHBIX HAa MNPEAOTBpAILEHHE TIpPyObIX
nocaZiok M BbIKaThiBaHust camoneta ¢ BIIID» sBnfiOTCA aKkTyanbHBIMM M BaKHBIMHM  JUIS
obecrieyenus 6€30MacCHOCTH MOJIETOB.

B 2017 romy mnpencraBurenn OI'VII «IAT'W» npencraBmsuim Tekymue pe3yibTaThbl
HCCaeIoBaHMil Ha mnpoBoauBiieMcss B PocaBmaluMM COBEHIAHMM C HAYaJbHUKAMHU OTAEIOB
MHCIEKUMH 10 0e30MacHOCTH MOJIETOB TEPPUTOPHANBHBIX OopraHoB PocaBuauuu M Mmosyuwiu
BBICOKYIO OLIEHKY yuyacTHUKOB coBemanus. [Ipeacrasurenn OI'YII «{AI'W» Obinm npurnameHs:
Pocasuanueli BOWTH B COCTaB POCCHICKOI Jeneraiuu Ha odepeaHom 3aceaannu EBponeiickoi
pernonanbHoit skcneprHoi rpynnel UKAO no ©Oesonacuoctu nonetoB (IE-REST/09) wu
BBICTYIHTH C JOKJIAZIOM O Pe3yIbTaTax UCCIIEI0BAHUIL.

Cunraem HeoOX0AMMBIM OTMETHTB, uTO HccnenoBanus OI'VIT «LIATHU» Gasupyiorcs na
peabHBIX MOJIETHBIX JaHHBIX, NpeaocTaBieHHbIX AO «ABHakomMnaHus «ABpopay.

be3ycnoBHbIil MHTEpEC NMPEACTABIACT BBHITOIHEHHBIH HA MEPBOM 3Tane padoT JAeTaabHBIH
0030p BOIPOCOB CHMIKEHHUSI PHCKA BbIKAThIBaHMA camonera 3a npeaenst BIITL, nopmaTuBHBIX
JOKYMEHTOB, pPEryIupyIOIIHUX JAEATelIbHOCTh pa3pabOTUYMKOB CaMOJIETOB, ABHAKOMIIAHHWII M
ONepaTopoB a’3pOJAPOMOB, a TAKKE aHAINU3 (PAKTHYECKMX YCIOBHI MOCAJKH CaAMOJIETOB B psjie
asponioptoB  Poccuiickoit ®Penepaunn. B wactHocTn, i PocaBuaumm ocoObilii  MHTEpecC
NPEJICTaBISAIOT MaTEpPHAlIbl, CBS3aHHbIE C OATOTOBKOH M BBOJIOM B aelicTBue ¢ 2020 roga HOBBIX
cranaaproB oueHku coctosuus BIII u undopmupoBanus sxunaxeii.

3acinyXKUBaeT BHMUMAHMS TPOBEACHHBI B paMKax 3THX HMCCIEI0BAHMII ONPOC MHIOTOB
rpaxaaHckoi aBuanuu. [logoOHble uccae10BaHus HE NMPOBOAMINCH B IPAKIAHCKUI aBHAllMH B
teyenne nocneanux 10 - 15 ner. ChopmupoBaHHBIT B X0J€ HCCIIEAOBAHUI ONPOCHBIH JIUCT



3aTParuBaeT MHOrO BaXKHBIX BOTIPOCOB, KacaloOLIMXCS paccMaTpuBaeMoil mpobnemsl (oleHKa
cocroguus BIIII, akBamiaHMpoBaHHME, YXOA Ha BTOpOil Kpyr, KpPHTEpHH OLEHKH TEXHHKH
NIIOTHPOBaHUA M T.4.). OOpamaer Ha ce0s BHHMAHME NOIYYEHHBIH Pe3yJbTaT, COIJIACHO
kotopomy 30% ONpOIIEHHBIX MIIOTOB CTAIKUBAIACH C CUTYALMEH, KOTla HM ¢ TPYJIOM YAanoch
yaepxarb camoier Ha BIIIT nociie npusemnenus.

UnrepecupiMu  aBnstorcss npuBeaeHHsie B pabotax OI'VIT «LJAT'M» pesynbrarte!
Hecaea0BaHuA O0MbIIMX 00bEMOB HECOJHOPOAHBIX JAaHHBIX. AHAJOTMYHAsA 3ajaya pelanach B
uccneoBaHuax, nposogusmuxes B 2015 roay no 3azannio Pocasuanuun B N'ocynapcersBeHHOM
neHTpe «be3onacHocTh MONETOB HAa BO3AYIIHOM TPAHCHOPTEN.

IIpu stom wuccnemoBanus OI'VII «LHAI'M» otnuuaioTcs HMCHOMbB30BAHHEM CIOMKHBIX
COBPEMEHHBIX MATEMaTHYECKHX METOJIOB AHAJIM3d JIAHHBIX, KOTOPbIE MO3BOJIAIOT C()OPMHPOBATHL
MOHATHE «THNOBOTO» (0a30BOro) Mmojera, BBHIABHTH AHOMAJIHH B MONETHBIX JIAHHBIX
(MOTeHNHATBHO OMACHBIC OTKIOHCHUS-TPUITEPHI, Tpedylomue npoGHUIaKTHUYCCKNX ACHCTBHI) H
CKpBITBIE 3aKOHOMEpHOCTH. C TOUKHM 3peHMs TNPAKTHYECKOH 3HAYMMOCTH pe3ylbTaToB
HCCIIEA0BAHMIN 1Tl aBHAKOMITaHM, CTONT 0OpaTHTh BHUMAaHUE Ha, TAK HA3bIBAEMBbIC, «METPHKH
OCJICTIOCAJOYHOr0 Npodera», KOTOphIE NPH AHAIH3E NOJIETHBIX JAHHBIX MO3BOJIAIOT BBIABHTH
MOCAJIKM C BBICOKHM PHCKOM BBIKaThiBaHMA camoneta 3a npeaensl BIII. Do ssnsercs BaxkHbIM
Pe3yIbTATOM MCCIEOBAHUH B CBA3M C HEOOXOAMMOCTBIO PEIICHHS 3a7jaud MPOAKTHBHOTO
no/xo/a K obecneueHuio 6€30MacHOCTH MOJICTOB.

[lpenoTBpamenne BoikaTeiBanuii 3a npenenst BIIIT He wmoxer ofecneunBatses
HCKITIOUHTEIBHO MepaMH «IKCIUTyaTallHOHHOTO» XapakTepa (mpodeccHOHalbHAs MOATOTOBKA
MHJIOTOB, COAEpKAHHE a’poApOMOB, paspaboTka npoueayp W mnpasua). Ilpm sTom Ha
CeTOAHSIIHMH [eHb HM OJMH CaMOJeT OTEHeCTBEHHOr0 NPOM3BOACTBA He o00opyaoBan
CHUCTEMaMH NPEJOTBPAILCHUS BhIKaThiBaHMA 3a npeaens! BIIII, nomodueiMu ucnons3yeMbiM Ha
camoeTax MHOCTPaHHBIX pa3pabortunkoB. CuWTaem, 4YTO HAy4HBIH 3aJ€1 B JAaHHOM
HanpaBnenuH, caenaduerii PIYID «lIAT'M», cnemyer B ganbHeHIeM HCHOIB30BaTh MpPH
CO3/IaHMH H COBEPIIEHCTBOBAHHM OTEUYECTBEHHBIX CAMOJIETOB TPAHCMOPTHOH KaTErOPHH.

Ananns marepuanoB ucciaepoBanuii OI'VII «ATU» nossonser caenars BBIBOA O
BBICOKOI CTEMEeHH TOTOBHOCTH K TPAKTHUYECKOMY NPHMEHEHHIO TOIYUEHHBIX pPe3ylbTaToB.
Pesynbratel  MccnaenoBaHWH — Moryr  ObITb  BocTpeOOBaHbl  Kak  mpu  paspaborke
ABTOMATH3HPOBAHHBIX CHCTEM JUIS pEalM3allid TpPOTrpaMM  aHajlu3a TOJIeTHLIX JAaHHBIX B
AaBHAKOMIIAHHAX, TaK U IpH paspadorke 6oproBoro obopyoBaHuA.

['oroBel B jganbpHEHmIEM OKasbiBaTh Komiuiekcy OesonacHoctn OI'VIT  «LIAT'H»
BO3MOMKHYIO MOJAEPIKKY IpPH IIPOBEJAEHHMH HCCIEJOBAaHHI, HANpPaBIEHHBIX HA IIOBBILICHHE
6€301acHOCTH MOJETOB BO3AYIIHBIX CY/10B POCCHICKOM MPa/JaHCKOM aBHAIINH.

C yBaxkeHHeEM,

pMats, TICANS AN SAEKTOMHHORS AOKYMAHTS, NOMMESHHEND 30,
APATER B MOKBIOMCTREHAOA CHCTRME SNOKTPOMHIT
= Ky = By o
W TPaCnopT
CBEJEHWA O CEPTHGUKATE 3N

Ceprwdat: 00E 1036E1BOTEOFBSOEA 11C31COAEOBF 08
Brageney Cropuesod Oner Mecprueany
DeicTaumenss ¢ 12-12-2018 no 12-12-2020

O.I". Cropueroii

Jyuunun Banepuit Bnagumuposua
(495) 645 85 55, nob. 5232
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LA T LW TRAABMbIA ADPOMEAPORNHAMAS BEHWA MHCTHTYT

PA3PABOTKA KOMNAEKCA MEP, HAMPABNEHHbIX HA NPEQOTBPALLIEHHE
PYBbIX MOCALOK M BbIKATHIBAHWA CAMONETA C BNN
Wnp «PAHBER-2»

NMpoasA#MTEARHGETE HIMP — im,q,uuﬂl?+zl:lmr r.)
OB, HENGAHATEAR: BT «

CodchaAHMTEnn: METH, MAKW

FaBota BuifGNHAARCE B HOONEREUHF € NERTHERAMKA No
mpoeeTy MHORIZON 2020 Future Sky Safety npw ysacruue

FPacaamaniyi W AD cAskiosmiadnn cAepapas,

ARSETEQ, OOCT, BN

AHARNE AHHEE
Ll = (voetn miriegs)

4
1. PaspafoTha TEXHOAOMWR  NPOTHOSMPOBAHHA
PHEKE  ABMBLMOHHOMD  NPOWCWECTEARN  HA Capwra cSORa 1 IHANHIS RAHMRK OLUEHKA PMCKA

GCHOBAHMM  CHHTEANBHTYAARHOMDY  AHBAHSE E
BoAblmy  obbemos NOABTHRIE  A8HHEH M /@

METAR DA.TA@

Llenw wccasgoRaHMiA:

HHSOPMALHE O COMYTETSYROLWMK GaKTopax.
i, FPaspaboTHa WOBEN TEXHWYECHME PRUMMHHE LA
GopTonoE asoHHEM,

LUIKSTABLE &FF,
=0 ARCUNDE

: . —

L. Metoasi M AATOEATHBD BeIABnEHMA -
NpegnothiNor ¥ BhIHATHIBAHMID Canonata ¢ BN
HE OCHOBAHMW CHHTEANEKTYAALHOMOS BHAAWIE Miwinigun pabor
GoAblluy SELEMOB PAIHOPOAHOA HHEOPMAUMH. | Soprosail croTemm CE0 T,

2. DEMoHCTpaTop boproaoK CHCTEME]
CHTYMMOHHON OCREO0MMNEHHOCTH MHWNAHE Ha
PESAME SaX30A Ha nocagry [TRL 345),

04.2020
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CLIAN T == | NTPAABHBIA ADFOMHAPORHHAMWSECHWA HHCTHTYT

OCHOBHBbIE PE3YNILTATHI HCCNEQOBAHWMA

1. OrtpaboTaHil TexHONOMMK paboTel ¢ dainamn GOpTOBOrD pervcTpaTopa
W apxueami METAR.

2. BbINONHEH aHaNK3 QaKTHYECKMK YCAOBWA NOCAAKK CAMONETOR B
PEANBHON SKCNAYETALMM.

3. lNpepnoxeHa MeTodMKa BOCCTAHOBNEHMA W cNocod onucaHKWa
TpaeHToprK Npobera camoneta no BMN guckpeTHBIM HKogom.

4, lNpepnokeHa MeTOAWKE OUEHKK GaKTOPOB PUCKE BbIKAThIBAHMA
camoneTa 3a bokoeyo kpomry BN Ha ocHoBaHKMK aHanKM3a BeIBOPKK
YCNeLWHbIX NOCaA0K.

5. PaspaboTaHbl METOAL BEIABNEHWA NPeANOCLINOK K rpyBoil nocaake
W/MNKM BbIKaTbIBAHMI camoneTa ¢ BNN.

6. ChopmuposaH QYHKLMOHAN NEPCNEKTUBHON CHCTEME CHTYALMOHHOK
oceeAoMAEHHOCTH (CCO) snunama, paspaboTaHa norkHa ee paboTel.

7. PaszpaboTaH KOMRNAEKE MOAEAUPOBaHMA ANA OTPabOTHH NOFUKK M
anroputmos Boprosol CCO.

8. PaspaboTaH scKMs MHbOpPMALMOHHOK CTpaHMUel BopTosoil CCO.

o __.‘\—‘—‘\_._‘_‘_‘_‘_‘_‘_ ’
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LA M= WTPAABHbIA ASFOTMAPORHHAMWSECHWA HHCTHTYT

BA3A NEPEMYHBIX NONETHLIX AAHHBIX
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LUE M TIPET b BliA ABMOI WO PO MM &S LLCHA B MECTHTYT

OTPABOTHA METOQ0B BbIABNEHWA AHOMAIMIA B
NAPAMEPAX PEHMMA 3AXO0A HA NOCAOKY

MOCTROSHHE BEPOATHOCTHOM MOSENH NOCAORK  OUSHHA YPOBHA AHOMANBHOCTH TEKYILER CHTYALHM
(N0 peefiopea NOARTOR)

NoHA33TENL fp%ﬁﬁeammanhm:@
-

MHOMKATOD 3HOMANLHOCTH

BLABASHWE W ONPELENEHWE XAPIKTEDS HOMANHE
TEHYLULEH CHTYALMK — YacTh dyHELMOHaNa BopTosoR CCO

02.04.2020 L o—— 4
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= JEHTPANEMNBIA ADPOMARPOAHHARMAYDCHMEA HHCTHTYT

HCNONb30BAHME CTATMCTUYECKHMX OAHHBIX M METOOORB PEFPECCHH
ANA NOCTPOEHUA NPOrHO3A TOYKK NPUREMNEHKA

=i}
1. NluMeidnan perpeccus " 5 27 488
Xwac (t) = XwacO + R1*(H-HHom)+R2* (Vnp-Van)+... | . e L N
[ NESS 2ty
2. TpapMeEHTHEIA BycTHHr s -F._-,_{:f_f‘_- L . Iemrast
. L - Mewrswa
MpUMmep JEQEEE PEWEHKHA . e
H ™ ) az w 8
g s
=Kl i
. Ii-n.un v
b Y .-'-;._,-"r:- AL | ==
. Mewrswa
e L e
L 113 11§ P 143 L
T
Rl=d £10 e
z "
Lo e iy - = -\_...
- Pl e -
aza é- _l..Tl-' — Imlrd
: e
Jza T
n':ll-'l MEHEHWE METOOOBE PEMPECCHA NOIBONAET B HEH'-L[II:II:"-I MOMEHT L e i":"l __-z_":' i s

BpEMEHH JEnNaTh NPOrHo0E KOOPAWHATE TOMKEA NDHE32MAEHER

S _-——_-_-_'_‘—I—._-_-_-_-_-—\_-_-_-_-_
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AN =  LUNTPA/IBMBIA AIPOMMAPOAHHAMKMECHAR MHCTHTYT

CUCTEMA CUTYALIMUOHHOW OCBEAOMNEHHOCTU SKUNAXA
HA NOCAQKE

HainaveHue cucTemsl:
1. MpeaynpexgeHus NpOQONLHOND BLIKaATHEANNA
3a Topey BINIM npu nocaaxe (amanoe ROPS or

Airbus ® Smart Landing o1 Bonaywell) \
2 CHumexue pucra rpyboi nocagxm wianu 1\

DLIKATSIBAHMA CAMONETA 38 DOKOBYIO KDOMKY
BN (pacumpesing QyskumoHana, He dMeeT SHancoroa).

Ecnu anuwa BAN
He QocTaToMHa:

npumun paGornt:
On-ling NPor=o3 ToMKN OCTAROBEW CaAMONETa Ha
BN =a ccHosa=nK aHann3a TeKYLMX NONETHLIX
ABMHBIX

2. Boisgnesne noBbiwensore pucka rpyton
NOCAAXN ¥ BEIKATHINANAA CamoneTa 3a Gckosyio
kpomky Bl Ha ocHOBaHUK TEKYLMX NONETHBIX
AAHHBIX M NPEALECTEYWOWErD onsiTa.

3. Vupopmuposanue arunaxa, hoprniposanre
POXOMEHGAUMA NO NNeTVpoBanue BC,

Cocroanwe palpabGorox:
PazpaboTas romnnesc MOSeNMpOoSaHnA —

AemowcTparop Soprosci CCO TRL=4

16




CLIAN T == | NTPAABHBIA ADFOMHAPORHHAMWSECHWA HHCTHTYT

AEMOHCTPATOP EOPTOBOM CCO HA MWUHUW-CTEHAE

Cxema obopyaoBaHHA MHHW-CTEHOA

IkpaH

Mpcakrap

=2

Bflormmop probpases

o B A
F"'_s"‘!]' ey oriEEdS HHHOMD NPoOCTRaFCTo
I =] I— vir}
EFY il Mannicg STedipameHa
(=]

npebopEo i HHLA KL E

-

M, H

-

Cxema NO muHW-cTEHaE

Moayne

nporEca

cCco

fMlapamerps nonera

i

.

-

MAaTaHHBA CTEHE
Huzpanuzspens

PFD

Hmnueayun C00 =
K]

Jayw

Faitiana yNpannainn

Crpanvua CCO Ha ND

CIOHO W3 ABTORHTETHRY DHE NPORABMAD FaHHTERACOEAHHOCTH B

BHEQPEHAM pesynbTatos HAP 8 NpoeETe HOBOMD CAMOneTa
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< LB VI~ CENTRAL AEROHYDRODYNAMIC INSTITUTE n. a. professor N.E. Zhukovsky

TsAGI| RESEARCH AIMED AT MITIGATING RISK OF
RUNWAY EXCURSIONS

Presented by Viadimir Strefkov

The research was carried out with the support of Rosaviacia and the direct participation of "Aurora" airlines

Thilisi, Georgia, 13-15 June 2017
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ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

CONTENT

1. Introduction.

2. Assessment of the main risk factors for veer off event based
on METAR data and accident statistics.

3. What do pilots think about hard landing and veer off problem?
4. Flight data analysis to improve flight safety at landing.

5. Onboard smart system for landing task — new technology for
flight safety.

6. Development of software applications for flight data
processing.




m CENTRAL AEROHYDRODYNAMIC INSTITUTE

n. a. professor N.E. Zhukousky

EUROPEAN INITIATIVE OF JOINT RESEARCH IN THE FIELD OF
AVIATION - «<FUTURE SKY»

15E 2 TSE 3

Quiet Air Air
Transport Transport
Integration

Goals:

1. Reducing the number of aviation accidents in certain categories by 80% and in general the
probability of accidents to the level < 10°7;

2. Reducing the influence of atmospheric factors;

. Ensuring an integrated approach for solving safety issues.

(K]




m CENTRAL AEROHYDRODYNAMIC INSTITUTE
n. a. professor N.E. Zhukousky

PREVENTING OF RUNWAY EXCURSIONS

""""




m CENTRAL AEROHYDRODYNAMIC INSTITUTE

n. a. professor N.E. Zhukousky

WORLD AVIATION INCIDENTS STATISTICS FOR THE PERIOD
2009-2013

® 7% CFIT
® 17% Landing gear malfunction
4 13% Damage on the ground

W 8% Hard Landings —
4 8% Inflight failures
m 10% Loss of control (LOC-I)

m 0% Mid-air collision
® 2% Emergency landing
@ 2% Other landing incidents

m 23% Runway excursions BpES =

@ 6% Tail strikes
@ 4% Undershooting landing




ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

RESEARCH GOALS

1. Development of risk prediction technology based on analysis of flight
data and other relevant information.

2. Development of hew technical sclutions in onboard avionics.

THE RESULTS OF THE WORK ARE ADDRESSED TO AIRLINES, AVIATION AUTHORITIES
AND AVIATION INDUSTRY




ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

RUNWAY EXCURSIONS IN RUSSIA (2002-2015)

Total number of runway excursions - 187

Flight phases Types of excursions

Take-off
12%

COhwverrun
43%

Veer-off

Landing e

88%

Main external contributing factors in veer-off events

Wet/Contaminated RWY 83%

Crosswind (> 5 m/s) 50%

Complicated meteo conditions 37%

Technical issues 14%

0% 50% 100%




m CENTRAL AEROHYDRODYNAMIC INSTITUTE

n. a. professor N.E. Zhukousky

RUSSIAN AIRPORTS UNDER CONSIDERATION

. Khabarovsk KHY 3
What is the O e Petropaviovsk-Kamchatsky
weather? P g | RES

Saintzp
Kaﬂngrad 5

Petropavi .
Kamchatskiy

Yuzhno-Sakhalinsk UUS
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ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

PROBABILITY OF CROSSWIND VALUE

’

g 50

")

=P C

= H

g LS

/
,é/

=P=EASA data

Probability of
crosswind > 5 m/s

does not exceed 11%

Probability of

crosswind > 10 m/s
does not exceed 1%




ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

RUNWAY CONDITIONS
faccording to METAR at hitp ArpS ru from 16 .09 2015 to 16.09.2016)

SHEREMETYEVO

KHABAROVSK

Clean and dry
52%

Water in some

Clean and dry
78%

places
20%

WE;:?EW h::{:t Dn;f;lsnw Wet Dry Snow CD:”'WCTEC‘ Water in some
5% asg snow places 9%
2%
Based on 5 airports:
Clean and dry runway - 48%-+78%
Contaminated/\Vet runway - 22%+52%
among them: ice, slash, wet snow - 0%+8%
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ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

FREQUENCY OF EXTERNAL FACTORS COMBINATIONS
FOR VEER OFF EVENTS IN RUSSIA (2002-2013)

FREQUEHNHCY OF COMBINATIONS OF EXTERNAL FACTORS (P VEER OFF FREQUENCY IN THE RUSSIAN FEDERATION (S
MATRIX) MATRIX) AT VARIOUS COMBINATIONS OF EXTERNAL
IN THE AIRPORT OF YOUZHNO-SAKHALINSK UUS ___FACTORS
s o ' O, T I s
=T - 2 EWE - T T T e
£ oo _ - Eoogpwm o T T e T
A0 - a7 |7 R
o s - - : T
e 000 e
1e:5] @ o
£5:101 = |
%, _
11, 8820010 ‘Fa%: e, - [BRETT 1‘:;?&“‘
Crozswind velociy (0.2 Friction coefficient 1) e

Probability <10 % <142 %

<19%

Probability <5% |




ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE
COMPLEXITY LEVEL (CL) OF LANDING TASK

n. a. professor N.E. Zhukouvsky

CL = Function(S,P) = a*S/P

Freguency

[5r10]

0:5] [0,34;0,5)

==(lh

Crosswind valocity

wll

(0;0,31)

Friction coefficient
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ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

WHAT DO PILOTS THINK ABOUT VEER OFF PROBLEM?

QUESTIONNARIE

30

QUESTIONS
ON VEER OFF PROBLEM

Pilot age categories Aircraft types

| Below 35 years old  Tubojet | 40%
3655 years old oo
| Above 55 years old

Questionnaire goals:

1. Identification of the most significant factors and precursors of hard landing and runway
excursions from the pilot’s point of view .

2. Shortcomings identification conceming:
= Information on weather and runway conditions;
= Airlines activity on SOP implementation and crew trainings.

e,
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ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

SOME RESULTS OF QUESTIONING

Have you ever encountered situations when it was hard What were the flight phases the first

job to keep the plane on the runway during landing or risk precursors appear at 7
takeoff? _
N Already during the
mNo
_/,f 69% final app!’ogch there 0%
RO, - were deviations from
A + Yese there were the "ﬂom’la|” ﬂlght
aox 1 difficult situations During the fiare and :
- touchd 23%
ni T ﬁ - ® Veer off took place ouchdown
s v During landing run 77%
Which of the extemal factors affects flight safety most substantially?
28% i i
S50 m Failure of the equipment
:LF"’ 20% Slippery runway
A0 Crosswind
145
105 m Poor visibility
5%
o B Lack of flight crew information
dwareness

14




ﬂm__ CENTRAL AEROHY DRODY HAMIC INSTITUTE

n. a. professor N.E. Zhukouvsky

SOME RESULTS OF QUESTIONING

The most dangerous type of runway
contamination in relation to veer off risk?

31%

35%

0% 25% 249,

25%
20%
15%
10%

5%

0%

mice Slush
Wet snow m Water in some places
m Frost B Compacted show

m Dry snow

Have you ever dealt with the aquaplaning while
landing at flooded runway?

65%

0%
BO%
S0%
40%
0%
20%
10%

0%
m No, never, or | didn’t notice

m Yes, 1-2 times | felt the actual loss of friction

at flooded runway
m Yes, | encounter such effect from time to time
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SOME RESULTS OF QUESTIONING

Had you landings with a load factor Your opinion concerning the criteria of the
more than 1.8 in your flight practice airline's assessment of landing quality on the value
(according to objective control)? of the maximum load factor at touchdown?
67%
0% Completely support, gentle landing 31 %
is an indicator of the pilot’s skill
GO% -
Wil ) .
| support in general, but believe that
— bigger values of permitted load 339
' factors will contribute to improving
0% - flight safety
Pl
The criterion should take into
10 — account both the value of load factor 36 9
e and the coordinate of the landing
0% o touchdown point on the runway

® No B < 5 cases m > 5 cases
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ESTIMATION OF THRESHOLD VALUES OF CROSSWIND

e— (Crosswind welocity, providing practically no difficulties on landing
s—= Crosswind welocity, above which piloting becomes significanthy complicated
¥ %
TN
a0k
Bl
T0%
[
S0
40%
30%
0%
10
0% Wz, mis
3] 5 1l 12 14 16 14 Al

Crosswind value, at which there is practically no difficulty in landing- <9m /s

Crosswind value, above which the piloting is significantly more complicated -» 126 m/s.
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ANALYSIS OF FLIGHT DATA RELATED TO FLIGHT SAFETY

«Traditional post-flight analysis of flight information».
« Control of flight operating limits;
« Control of the execution of prescribed procedures by flight crew;
« Control of aircraft health status.
/ Verification of compliance with FCOM/

«Parametric monitoring».
« "Traditional analysis" + pilot quality assessment.
/ FCOM requirements + «perfect flight» theory/

«ldentification of hidden threats» - advanced methods
for big data analysis.
» «Abnormal» flights identification;
= |dentification of aviation accident increased risk.
/Data mining methods/

18
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«PARAMETRIC MONITORING» - CHECK POINTS SELECTION
FOR LANDING TASK

1 — 1000 ft (stabilized approach control);

2 — D00 ft (stabilized approach control);

3 — Going through inner marker;

4 — Going through RWY threshold (at height of 50 ft);
5 — Flare beginning;

6 — Touchdown moment;

7 — Nose wheel contact with RWY.

19
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«ABNORMAL>» FLIGHTS IDENTIFICATION STEPS

1.

To identify areas of flight parameters and airplane configurations

S = {part, parZ, par3, ... parN) so that 95% of flights € S.
S = f{meteo, RWY conditions).

Radio height
e ! | 1o ' ' ! !
s | 2. To identify flights ¢ S — “abnormal’ flights.
Safety expert is required to determine safety
T risk of these flights.
E i
= 5 i L o / | «Ahn.urmal flights»
«Normal flights» . Gaussian Mixture Model (GMM)
; i ; : | - one of acceptable methods
-J-EOl’_'I | Sl | 500 ml:a | | 1300 | | 2000 | 2500
X (m)
P—— I I
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IDENTIFICATION OF INCREASED RISK OF AVIATION ACCIDENT
BASING ON FLIGHT DATA ANALYSIS

1 “Input data vector” (flight Input data vector
parameters, meteo, etc.) is

formed at the flight stage before
touchdown

2. Possible options for the situation
after touchdown (for example, the
type of trgjectory or rolling out)
are described - "clusters" or
"scenarios".

3. Cluster analysis makes it
possible to estimate the
probability of realizing one of the
possible types of "scenarios®.

Representative sample of real flight data is required to assess a risk value
(> 1000 flights, depend on the “input data” dimension)

21
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COULD WE SEE A LANDING TRACK IN RECORDED DATA?
- NO, WE CAN'T!

Z (m)

Wx=2224d m/ls Wz=6.231ms

Lateral deviation

Indeterminacy for

X and Z coordinates > 20 meters

(specified by GPS and FDR)

=30

R

a0 |

RS -

'lJ.\ll D‘Li\-.l'

S s it~

0

10

—t [ pEe Geall

|
__,_1_[

*
+
-
*
*
=

1l
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DESCRIPTION OF THE TRAJECTORY

1. Trajectory is divided into segments of adjusted «height» (the width
of lateral deviation interval).

2. Each segment is marked by the «sign»: =or 0 or +,
3. Trajectory is described by the number of segments and their signs.

“The less segments, the betler”.

“Aperiodic trajectory segments have the same sign’.

“The number of “zero” segments is the indicator of oscillation’.
“Irajectories identffication can be automatized!”

~ £ ’ i i ] - [ 'l _'- M A £ ’ i i ] - (g —at _'- M A ] ’ i i ] - (g ' _'- M A ] ’

s Code+5f+ﬂf'—'h"0
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W — 40T mis Wz -32ETm's

GROUND TRACKS CLASSIFICATION

Lateral deviation

1 - «ldeal»

= |
i J— ’
- Wix = 8477 mis Wz = 5 695 mis Lateral deviation 2 - ({Aperiudic able»
. o ! ! — . ey ! . S 1
- = s . S
a0 T -
— - 1 Whe=-2.58 mis Wz =-2.027 e Lateral deviati - .
Eo—-| o | A devia e 3. «Dc:nlllat%nb stable»
N ; : ; ;
10 ——— ” -0
z = , W= 1CTE MG Wz = 0185 mi L | deviati ..
" E ) “ :;n ms Wz | :c'- . Iatera eviation , 4 - ((Aperlﬂdlcu Stable})
N L 2 : : ] i
! 0 0
I S . . — . - -
w - | m S I T e Latersl devistion § - «Oscillating unstable»
an W0 ™ o P _m___-._--.--..__--__-_g. S .;.. S I :_-..-....-..._.._.._-..-...._
R I pa=s | S ——
0 NE N = : i i ’
; e =EEF= i1 Code:-1/-0/+2/+0/-3/-0/+2/0f
Lz — : = EEE
1 N . E i
AQ —mm o] ! i ---‘:_- B - T
= | | | a
o 20 ! . ! !
0 i i i i i i I e | i i
=] 504 1000 RETE] 20300 2800 3300
X (m)

24




LB Y CENTRALAEROHYDRODYNAMIC INSTITUTE

n. a. professor N.E. Zhukovsky

FLIGHT DATA COLLECTION FOR FUTURE PROCESSING

Landing at
crosswind
or at
wet/contaminated
runway
/Tlight 2 file™\
flight 3 file
5 - L Routine
flight_n file, landings
3+5 flights in each of
QAR.DAT files

By June 1, 2017
« Number of landings of special interest ~ 500
» Total number of landings - more than 1300 (airports of the Russian Far East)
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FLIGHT DATA PREPROCESSING FOR FURTHER
ANALYSIS

1. Splitting QAR/FDR files to individual flights (flight_1, flight_2,..., flight_n):

2. Marking flights with contributing risk factor at landing (contaminated runway
and crosswind);

3. Supplementing flight information with data from METAR and other sources.

| QAR/FDR I ‘ METAR DATABASE I | OTHER SOURSES l

24 @ h

FLIGHT PARAMETERS METEOQ RWY CONDITIONS OTHER DATA

flight 1
flight 2

ﬂight n
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ONBOARD SMART SYSTEM FOR LANDING TASK — NEW
TECHNOLOGY FOR FLIGHT SAFETY

Computed stop
line after landing
run

Prototypes of similar systems:

ROPS
Airbus
{Runway Overrun Prevention System)

~ Smart Landing/Smart Runway ( Honeywell) All types of aircraft

"R
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SOFTWARE FOR DATA PROCESSING
(ARINC-CONVERTER)

flight 1

flight 2
flight 3

Vi), HiY,

o

» Result_1
Result_2

ARINC-CONVERTER CAPABILITIES
’ Result_n

+ Split FDR/QAR file into separate flights files;
* Decode flight data;

* Plot recorded parameter vs time;

+ Export parameter values into .CSV or .xls file;
+  Add user applications.
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ARINC-CONVERTER SCREENSHOT
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CONCLUSIONS :

1. The following main results concerning runway safety were obtained last

years:
d

a

a

a

The analysis of possible combinations of the main risk factors for
veer off was performed.

The directions of further research were detailed basing on pilots
questionnaire results.

The preliminary research for big data analyzing (flight data and
relevant information) were performed to identify landing
incident/accidents precursors.

Some activity on development of onboard smart systems for landing
task was initiated.
Software for flight data processing was developed.

2. Close cooperation with aviation authorities, airlines and aviation industry is
the main key for successful research in behalf of flight safety.
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Thank your for attention!

Central Aerohydrodynamic Institute (TsAGI)
1, Zhukovsky Str., TsAGI, 140180 Zhukovsky, Moscow Region
Russian Federation
Tel.: +7 495 556 4000, Fax: +7 495777 6332, E-mail: info@tsagi.ru
http://www.tsagi.com
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TsAGI RESEARCH AIMED AT MITIGATING RISK OF RUNWAY
EXCURSIONS

Combination of factors

Detailed analysis of METAR archives of 5 Russian
aerodromes for period from September 2015 to
September 2016 is carried out. It is shown that the
combination of a strong crosswind (more than
10m/s) and a slippery runway (braking efficiency
worse than "Medium") is a rare situation (less than
1% of landings).

Pilot questionnaire

A questionnaire on the RWY excursion problems
was elaborated and used in inquiry of civil aviation
linear pilots. It has allowed to assess the
significance of the main risk factors and to confirm
the relevance of the tasks to be solved in the
ongoing studies. The results indicate the need of
additional simulations training for landing on a
slippery runway conditioned by the crosswind and
the necessity to improve simulation gquality.

Landing track reconstruction and description
There had been developed a technique for
describing the trajectories of an airplane, which is
based on the fragmentation of smooth trajectory
into segments of given dimension. Track index was
proposed to measure the landing run quality.

Data mining to identify the abnormal flights

In cooperation with one of the airlines of the
Russian Federation, a database and an input data
array were developed to test the selected methods
of "data mining" in relation to identification of the
precursors for aircraft accidents during landing.
Gaussian Mixture Model is selected and tested
now to identify abnormal flights.

RUSSIAN AIRPORTS UNDER CONSIDERATION

Whatis the

Patropaviavikkamehatsky
weather? PKC

T
¢
-_v..m.s;nulmk uus

WHAT DID THE PILOTS ANSWER?

Have you ever encounteredssituations when it

was hard job to keep the plane on the runway
during landing or takeoff?

‘What were the flight phases the
first risk precursors appear at ?

"~ Aiready during the

Mo final approach there
were deviations from 0%

Yes, there were the “normal” flight

During the flare and

b

o

o difficult situations 2%
- I@ & Veer off took place s

o

During landing vn 7%

Which of the external factors affects flight safety most substantially?

28%
= wFailure of the equipment

20% Slippery runway
10% Crosswind
#Poor visibility

= Lack of flight crew information

HOW TO MEASURE THE LANDING QUALITY?

Track code: -1/-0/+2/+0/-1/-0/0/
0 , i1z Z|ax
Trackindex = ————
30 Lrun
20 Recovered :
10 - track A i
+ - 0
L T e - e I e |
LT ﬂsq._______,} T .
10 1
20 Lrun 1
30 L
Touchdown Vg = 40 kt
40
50 . i . i i
0 500 1000 1500 2000 2500 3000

X (m)

THIS IS THE FIRST STEP ONLY...

-| Lateral acceleration

: —_—

. Rudder pedal

— g

Joint distribution

uonnquisip ax

FUTURE SKY SAFETY PROGRAMME
has received funding from the European Union's Horizon 2020 research
and g under grant No 640597

www.futuresky-safety.eu

Project consartium here

PROJECT CONSORTIUM
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RISK ASSESSMENT OF VEER OFF DURING LANDING

The purpose of study and the data considered INITIAL DATA FOR ANALYSIS
The purpose of this work is to evaluate impact of external
factors affecting veer off risk and to get knowledge how

to reveal the situations leading to sufficiently increased

risk under actual conditions of landing. i
The basic factors considered are the following:

- RWY surface contamination type (categorical

parameter);
- season (categorical parameter); WHERE TO FIND VEER-OFF PRECURSOR?
- crosswind speed (continuous parameter). o

o5 Hemnon

There are considered as veer off preconditions the values
of some parameters in some checkpoints of landing
trajectory.

The subject of processing are the raw data of on-board
parametric recorder and METAR data base containing  yow To MEASURE THE “QUALITY” OF LANDING RUN?
information about the weather and RWY surface
conditions.

Approsch Flars out | Landing run

= [(z Z)dx

~ovm1

=5
Metrics of landing run i
Despite the fact that (generally) frequency of veer off is r - ] I Il.__
high enough, it is very difficult in practice to fooma = * * <& 7 ~* ~ * 7 fem
representative sample of data suitable for processing ALTERNATIVE METRICS
based on the methods of applied mathematics. & LIEAR SR T %)
There is proposed some approach of solving the problem,
when the risk of veer off is estimated basing on the ="
analysis of successful landings. There is utilized for this I I._
purpose new metrics of landing run named as e " o
“Trackindex - TI” which characterizes somehow the
deviation of actual landing from its ideal form. It is
assumed that the higher value of the metrics corresponds
to the greater risk of veer off.
There are taken into consideration a few versions of
proposed metrics based on such parameters as: lateral
deviation from the runway axis (Tl,), lateral load factor B
(T1,,,), and rudder pedals position (Tl,,). 4 Tiaom em

FUTURE SKY SAFETY PROGRAMME PROJECT CONSORTIUM
has recewcd funding from the European Union’s Horizon 2020 research <JATV=— Central Aerohydrodynamic Institute (TsAGI)
and under grant No 640597.

www.futuresky-safety.eu
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RISK ASSESSMENT OF VEER OFF DURING LANDING

RUNWAY CONTAMINATION IMPACT

S ‘_-—{

Assessment of risk factors and precursors for veer off events

The degree of influence of the considered parameters on £ : o

landing run metrics may be evaluated by regression methods. é ' - s
The influence of categorical parameters at the metrics value § et )—-—l

was assessed by using Mann-Whitney test, and the influence %’ SR— |_-_| oo

of continuous parameters — by Spearman's correlation ¢ TR

coefficient. . | ‘»Eu l )
There are revealed: Tiz,m

— anincrease of Tl,, metrics value on a snow-covered
runway (compared with dry and purified one);

— anincrease of the Tl , and Tly, metrics with an increase in
the standard deviations of bank angle or/and yaw angle at
the checkpoint on the glide path at a height of 200 feet.

Season influence on the metrics were not found (even in

Russian climate). e

The results obtained do not contradict data base of

observations. T, oeg

CROSSWIND IMPACT

¢ 7 8 [

> A a4 s o 7
Crosswind spoed. mps.

2 2 4 s
Crosswind speed, mps.

IMPACT OF STD ¢) AT 200ft

Abnormal landings identification as a way to prevent aircraft
veer off events

If to assume for considered set of landings, that in each

current vertical plane perpendicular to RWY axis flight

parameters are distributed according to normal law, it is
proposed the following algorithm of current situation
assessment:

— if the flight parameters belong to multidimensional “tube”
of 20 width, then the approach may be considered as
normal (safe);

— if one of the flight parameters is outside a “tube” of 20
width, then the approach is considered as “abnormal”.

Various machine learning methods may be used to build a

multi-dimensional model describing distribution of flight

parameters and landing conditions (meteorological and RWY
surface conditions) and to detect abnormal landing
approaches.

There was used in TsAGIl (in particular) the method of

describing the multidimensional envelope of flight parameters

variations with a mixture of Gaussian distributions (Gaussian

Mixture Model - GMM).

FUTURE SKY SAFETY PROGRAMME PROJECT CONSORTIUM
has received funding from the European Union’s Horizon 2020 research <UJATU=—— Central Aerohydrodynamic Institute (TsAGI)
and under grant No 640597. v

www.futuresky-safety.eu
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