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| ntroducti on

Duringstéeeoinnvestigation of an accident i
trancspobegory airplane, National Transportati ol
di s c otvhdarliee b d d@ angke ¢ o mpfo ntemd sr &g lyte aavled wdctkderd | n
an oveergceesninteidonbent out board, eff eclthiiwel y j amm
condition prevented theoricglttkpeltevwvamaomr ofr o mpm
airol@ntch response anmMNITSBE tPa@ 1 g INGTWBEBI @ 1t7ak e orf
21l nidgtisades of tfheeun d vred tasuwgapddsdmeinlde esaht ed
from i mproper maintaewvamce|l @er ONJIBBIh2D3d-BBWietch
38yBefore the accident flight, the airplane h
hi,ghguwitndgcondi tions, and nfiMaitd hath rdeatow dealc or d e
the rigwaselagsaton ashdwehdatr e mgihe p ed ietviadm)y beca

someti me during the 2 days that the .airplane

St atement of the Probl em

A |l ackwomdl daala availability and the 1|ikel
characteristics where the airpl admdeahaldi bgehop
deter mi ne howet hgee arriegdlh tt aebl d i antkcarge b@lt aane | ock
computationalCHFPvund dymamatsof coullidkelryovi de
characteri st iats tolfeétaer kdicdnnddalonawd iharmeraaeg nes i on al
3Dmodel of the |l arge hangas de@ewibound eoul e npar

produced using conventional techrdioquessu.ppDhdiwm



the investtegat apmeni esf of static and dynamic

what coodmns$i ®nent with the known circumstance:
j ammed el ev.aAtlarh ocuogrhd@uthievanNm 8B ai U A pleefatm shyasdt e m
been ausfilregad | lo(fUASSI,r opress a new i nvesti gatiinge t e
i magery at variousyeacjdeunppsitiesgfoheateuel 4]

use in a CFD wind simulation was a new applic

|l ncomyédted er ol ofgoirc aAli rDpaotrat

The accident occuWwirlddowMaRudhh)FAGY,p pdd a7t iat

Mi chj gamd an NTSB meteorol ogist Owascaabi gnad I
observat wene aak¥hPfrom an Automated Surface
anenonmnr | ocated, 4@ r mant elrf § e(ed)s t(hde, f8 808c afte eotn [wif
the airpl ahhT SYB s2 PRBadeed,1[N§ITOER 20])Thbi s 14
anemometer was at a height of 10 m (33 ft) ab
unobstructed wind Alltohvo AGSOiIRs aay adutrecti bati ve
wind daetto d@ regional power a@ameageoptthatAIE@S a:
hours before (and remained i nope (NTtSBOEL 7bnt i |
7). Prior to the powers |noasxsi, mutnn eo bASSEOSSe ead redriomk t g
average) was 5850kt hwemthmmbB@3Iwestdata did not

bet ween the horizont al and vertical component

Al t hough two additional anemometers were p
with authorit ataicwea dwinntd ddaat. a Af &8 eandte rA | (0HAWSNe at
included an amembreettteled avats ®@f pahkedi hplwvawnemnon

2



the SAWS became inoperative about the same ti
from before the powe(rNSBut2agleA bw ehrdaiogo ¢ar av ai | ab
anemoiwhtiecrh was owned by the | soawalheaisrtp orft tawet
ai r @sl apnaer k e olna ctapuieodni ¢e adidtea t he ABO®dwerrd, SAYV
a compar iasncermodde tdwdiitest he ASOS data (for ti mes w
operati ontahagt rtelvee adé®rdp o e nt® sne & B a rssihggmiiefdi caant b
(NTSB 2427 bFulrlt her, t &e aaiermmonett eautph @orviitdyed dat
mi nutes withsasmmlei ngrkamoiwtnher i a2. Was ®a & .04l Omef(tg h t
may not haviet beédenamweél had unknoaodwies a@sessdt einatned
with these two anemometer s, c olmbfitneidn wea & thi g ahtec
without credible wind i-mduwrr npdariionnd fhoeN DIIRP tf loe

201&Wb2,. 19)



oAirport-owned
anemometer

0.74 km (0.5 mi) v b : ‘ — Google'earth

Figurel. Airport map showing theelative locations of the hangar (dimensions highlighted in red), the
acci dent ai spptl aadmsodsswegiharrolksérving equipment.

Potenti al Effect &f owarge Hangar on Wind

Al t hough the ASOS anemamdtheirn p@dViviee ddr € Inif
while it wéaa rpleamde i Waddcb exagmnueadri Kaetde | fyr flm wn wi n
(on theoétast!l siMde) Mammeare t han 0. 4 knmilloemet er (
| oagaqui pped with duct work, chimnhewas &alasaer :
surrounded by bushes, arteteeenst,iAdann dpdvradd hese t el & |
would i kéehdfDwevrtugpatnlde chiaz eafc ttelra shdamc@ard obstr
surround, nas ttwedr atcaa cteheGGapapkade oonc ahieoASOS,
i nvestsiugyptecrasey & Waaiitrl pacbritef womdt dlatkdaeS @6 di d n

represent the | ocabsi zpead keeidr SldcacvE[tiNdUBBn @ 04 i7dp 16 &



Figure2. View looking west toward the hangar, taken from the approximate parked location of the
accident airplane. (Airplana ipicture is much closer to the hangar).

Need for Computati(o@RW) nFd uSidmuDyantainonc s

Gi vehatthke of complete wind data faod YhR isn z
and char act eanrig®tuilpas galfr otf hdet pea r kierdpdltaosxeamti ina m g t
|l ocali zedanai tf kelwy af f ec taeddd ittihireo reaa Itt ipdcaAtnievgau e q u
The Boei ng BGe mpwahiyc ht wasNhTaparnvestigation, wa
performing a computational fluid dynamics (CF

hangar wusing available wind data, pavement te



sensor, andeoardod iotg(i &nadHlo wmettaar , t o maxi mi ze t he
simulation, a pthiomegsiammalkr{ 8D} hmeeel of the |

i mported isntmulvedts o@é&de d.

Limitations of Traditi ¢éwoldvdInopeisitigngdaitsi eveen alle c(h3

Hangar Model

Due to the 1940sthent ageil gih dedbdealangal ead
exi stesmegci ally with the fidewaremnte€reesdsba rnyg fao |
model of bbel dompglaerd terrain environment wou
bl ueprintstephat oagndda parosdewdt edlresi gn ( CAD) soft wzq
create Thesmodeli nvol ve considerabl. e Fnesources
exampl ewouil d be difficult to manual layddcirhegat e t
intricate accessories (duct work, chimneys, |
nearr ettheent | ot poeatder a) addil th badrmekdet hweere k ss uacfth a
monumental effort stildl magedad pfdeicde vieheasle
CFD simulation, which has 0.5 m (1.6 ft) reso

of accur axmasicla |l mode@lr bul ent wind patterns caus
Basis for ComsUAdSe raisn News d novfest i gati ve Technig

ThNTSmBet eoirsosfn d gNTSB systaemsi gmeestogaherinyv
approachednmaenddSEBimUAPTeefatmosgylsatand t o det er mi ne
feasibility @$malsli agABlhee INTISE ce@agd ma gagntdy e
use oitcreate a photogramnefAtriche@& NTHhMBASeEamé t he

had bedam omsmdnojydera t o capture i magery at vari ¢
6



usitmgeo mmer ci aldhyo taovgari d narmbdtter yd eswodltoma reD model s
from t kapdruoreaPaastaghed/el sipeg wuh&es efwive i e

the accuracyp e eiqduii g ded@eebdttss i mMudrai sonnvestigatio



Chapler

New | nveFddhnitd wee

1. Eval uBéeasigbil istWAISmhgePgnm g¢dbMp d e |

1. 1.1 DePbombgir agmeCtormyp aRri dd/uct

Before accepting the misdioomettemeni NESBfUAS
producaspfiobomgr a mmetud yd preodmpmrt edusend obyt he C
BoeiPrhgpt ogr a mmestpreyc i ,fotre arolryep h gd etge ratmimred 3§ yt h e
3xoordohapeisnts on an object by employing mea
photographic images taken fr ondediitfiffeireedn to np oesaic
i mage, and the intehsesecamenaofotaei bhnesesofrbe
det er miBileosc afthdéd® .poi nt c¢cl oud inmodteHemfuseide tsa bh
texturedpmesént ati bA hhoungath ea sobgreecdi s Beamest he ¢
objeaul d potentasal i g bbjesediasvarnswauls a0 fttiwar

CFD wind simulation, and provide more detail

To captumedi magatge a mesh representation o
with the CF® B0?&SHBwd®A®Sndpatoed ng fl i ghts at the
the NTSB Traininygi rCe(ht idse sit owtdksahdbdue nf, or mer Geor
WashomgtWni versity solarcaehbhingleée figeleé mewhi ¢ lor

trainregeandh an)d devel opment

During one pr ovlienagth 6 I bagagphtl wrt endea nUveSg e isp mé n t

shed atusihreg het gaot hmeWwWedeaxd Dt he devel oper of tF
8


https://en.wikipedia.org/wiki/Coordinate_system

available phot ogheamimedneg wad tfwlacvwen itrhea doubl e
camera pointed insttroanbgmaddowmmeglwttliycadfi,r as wel
oblique patterns arodme fthegheéerrmsuét edf i nhab
which were procesasrdl a niDo bnpe sphoirimmat c wasd export
t he LiFMulnaotdiédln. obj file is aligeoametoyemref o mma t
devel oped by Wavefront Tec hlnhod ofgo rensastke dirsb iyatlss oa i
various ot bBeppl3iDcTadtrdagBiGE® pgeci al i st wastable to
i t em IiCrFtDo sti hmmd dedidon bags ed,wdrm stolpd i snich i Dt hheg h

obj ectcsonctoruilbdut e great mpdeovi henmenuracy of th

1. 1. 2 ASseesbhgStructure and Area to be Mod

Once the inaftiprloviediemg ad i @WHaes ndoedreoln st r at ed
Boeing CFDprowe diedl itshte UAS Tedmhewiarimes pleed f i ¢ a
suppgdmeitnd s ignudGopnicerpt ual |y, modelisfnogrl &hhee hUaAnSg
Tegamhowever ,0.a4 knami (lOeoctrthga,n t he structure was mlt
anything the teamlmad¢Cddd depoeeigadleis oted mappi ng

area of the surrounding terrain.

A map ofoft hetteerresss was epedwiidehd ph e deii gnlge s t
the southern popdrnloinnagnfdada@n earnbgyawrir,teit €ésodveeo n p o
pri dgire dayhsaar oss aAVéehbblgba CIF®t isrpietcieagtlbags t
model of about othley hhaltforochbthagashphecysr offi whe
for demelriet icomisk wre r &gl iHtasogeet b | asluislt dafndg sn g
t feor Wekl ow Run 8o mpteleaxtPoldaurnite d Cons-28i dabedaBor
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bomber f Wam(WWwi(Bdve )2ZTOEBHAS Team determined tl|
i magery to model the entire hdngagrmTwdsd | met. het
UAS Teatmer mi nedgtthleatenmap i mangairn d Hdoirgmayalpr e
woul dobehddheifd @ele. sk.d4oiromor e iFufrarhrmeat i drn.e)

addi ti onal biemaagveariyl anboluel dd o t he i nvestigation,

1. 2o ndiunsgU ARSI | igihd si on

1. 2PrlefRPIligmtio nQapture Opti mal | magery

Considering thepsoppepli&8B tUeha®n Pwoarnkneedd wi t h
specifaloimsttshe phot ogr ammét xtyeDyotf It ata rteh ec opm paannnye
mi sswowlsd be flowmsd mdrrern itviad tyhtame dneefcfeiscsiaerny
dafTh@ASeddevel oped tah aftl iignhdto upplbaenraged ds over th
entiref dillalingmwg bybital attddéseaprdtcdméda angl e
coverage of the(NTE@B&.7TdJe tathe ibwidledi md t he gri
paths were planned t o g(iivnec Itunhdei abgedsa & eltgali edgafcye. o
fl owahi gyth én t ar deb eptrtoevri deever | ap and matching bet
photogrammetry pconsestHeeagosgmepleat ahdbmogenous |
hangaid nr @aofgenewa lvseosredn 8 £ 0 gdheatpakii Mciotsht hit gder al t i
becaugeothe sam@bEP dhstaemases as the camera mo:
ground. (I'n a di gihgeabupdodbpgt apyb et heShritessteeannt ceed

t he c ethwpma rgse)o f

ThBAS Teamhfalngwsratdhge (ihd )afglind posicbi ogee t he

fligdtfsill the frame to the extamd npidndisnibzlee wi
10



backgmsawcemd as sKheahdamagpisti it o oaalealgtae dmaiorv ean d
smalalngart he south and (seast3[UEB h20)Raaen hangar
planning the fligmhtesmi mmad dtshadre s@feftleidng and

mor e 0Bi@mades

Google Earth

Figure3. Orthomosaic image showing planned sUAS mapping area in yellow.

1. 2Ai2r shac€esnsi derati ons

At the ti meadfnitnige afplpirgphstddASf opecanhdooasi ng
air s(plaickee YI B) tah ptweamhvseudni ng manual aufThotiezati
l14£0de of Fede(C&IRP Rretg ulllzed eaomgso ver nmeuwhbl agenafyet
emergency @ai tviAuitdheotre zaftlinoint i(aelQQA) .t he UAS Tee
with dhtiegawi St ate Police GBMSR) Itgeirad dfedrctadtien oiff
Wai ver or AMAMowhizaeh i oovéred t HeMSP rofdrntcer so wl

among the fiostheaeadondedist heir s WAeS ktaogep,hot o
11



ground scar dMeaawdi fenwahne) NTSB UAS Pmwgigrham Le
the Federal Avi@RA®MNr Aainrisnpascdea addowens8@AS Duri ng
Team | ear r"ieSdw atshratani tlaeb | e at t hbaepf b ppgebk@QA t hmse s
was needed. (Note: Currently, the FAA provi de:
Al titude Authorization and Notification Capab
Il nterest [SGI] protocol, bot hs®Bfaowxhascsh tad | ow

controlled airspace.)

The NISB Trawpm e viuosuesdl gd @dAnNduct i ng sSUAS oper
active aciudtemdéE ssbietseehsadeblbamgas he hangar maprg
project, alhe ncght hryengfulpir gebxd smiatnh yaetdoc r af t Y lodaesr at i on
a busghgbtin Cl aesd®r byregaaeshelf ofsebe Detr

fi gd.r e
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Figure6. Image captured by the drone during the mission. (Note business jet on approach to runway 5.)
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