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Dense row 3D poini cloud of the F l5 as coptrred by the Foro LS losersconner and olgned
in Polywatks soflwote

thc cxtcrior of a l9 passcngcr

turboprop with only two FaroArms
lbr a crash invcstigalion. a project
rlrc provcd cxtrcncly challcnging.
Ercn with neN coDrpulcrizcd lD
measurement technology. thcsc
projects often took days to capture
al l  o f  the cr i t ica l  character is t ics
rcquircd lbr thcsc prolccts.

In l -act .  as thc nr turc o l -  thcsc
nrcasurcmcnl  chr l lcngcs cvolvcd.
so toodid lhe 3D lechDology nccdcd
to accornpl ish thcsc pro jects.
By 1999.  ib f  ins lancc.  Di rcct
Dimcnsions cnginc{r rs  d isr r iz€d
rnd nn)delcd thc cxtcrx)r o{ r largc
AAC l l l  comDrcrc i r l  r i r l incr  l i r r
f l ight  tcn nrodi l icr l iurs dcs ign.
for  t f i is  f rorcct  lhc cDgiDcurs
ul i l izcd lhc thcn fch l ivc ly  nc$
port rb lc  lascr  t rackcr  lo  crpturc
thc l low conlours o l  thc l rDl i rc
a i rcra l i .  Whi lc  s tate-o l - lhc-ar l  a l
lhc t inrc.  t f i lJ  c l l in l  s( i l l  look ovcr
c ighl  work ing d l lys wi lh  lhc l r i lckcf

lust  1()  c l l l r t r | rc  t l l l  o l  thc fcqui rcd

l l )  d l l t l .

Loser Sconning lhe F-l 5
Alicr thc F-15 proiccl  $,rs dcl incd
tund NASA rulhoriz.d thc wo| l l .
D i r c c r  D i D r c n s i o n s  c n g i n c c r s

la!,-.t sconntnS lhe Gullstreom wlh Suphoser 1-,5

I) inrcnsions lbundcr nd chicl  €nsinccr Michael Rrph cl
lc l r  $.cl l  qLnl i f icd to hrndlc this r i rcral l  lncrsurcnrcnt

''Whilc lvorkrig jn thc lalc U0 s rs rn cngiDccr rl Nhal bccanrc
r Lockhecd Mart iD acrost.uctL[cs m,rnufactur ing i ic i l i ly
in Bnhimorc. I recognizcd lhc nccd for bcltcf portable lD
mcasuremcnl tools to solvc corrplex probl€Drs like this.'
Raphael states. He goes on to clninr rhat he $.xs onc thc
originaldcvclopcrs aDd thc lirsl industrial uscfoftbe FaroAnn
portable coordinate measuring machine. the now ubiquilous
3D mcasurenrcnl tool used exlensively afound the world.

With many aerospacc relalcd proiccls undcr its beh, the team
at Dircct Dimensions lvas eager to take on this nelv NASA
challenge. Since th€ company's inception, aerostructurcs
work has becn at the cofe oflheir business. Early proj€cts.
for example. involved digitizing aircraft cockpils for hunran
tackrs analysis with the U.S. Navy. scanning large aircraft
fu selag€s to accu rately design flight simu lators. and scann ing

Comporison ot rose. 5con.ed
doto ta aiginolCAD madel



Dominic Albanese and clenn Woodburn fev to California
armed with another new 3D measurement technology, the
FARO LS. Being portable and design€d to capture th€ shape
oflarge objects. this new 3D laser scanner could acquire up to
120,000 points per second over ranges ofup to 80 meters
Thc FARO LS $as rhe ideal  technolosv a l  lhe r ime
ro quickl)  and accuralely caprure Ihe exrer ior
shape of this jet .  Wrrh accuracy of --b

milljmeters, this scanner can take
a digital '\hapeshot" like a
snapshot but in full 3D - of
very large objecls, such as
anplan€s and buildings. Tbe raw
3D scan dala is actually a high-resolution point cloud oflaseF
rcflected spots offthe surfaces. This dense 3D point data can
then be digitally processed and modeled into various CAD
formats for a wide variety ofapplications.

Upon arriving at NASA Dryden, Albanese and Woodburn set
up the LS scanner in the hangar and deviscd their s€anning
plan. Noticingth€ brightdesert sunlight slrcaming rhrough the
skylights. the engineers rearranged the schedule to perform the
bulk ofthe scanning in the cveningand intothe night.  Sunl ighr
on lhe glossy surfacc ofan aircrafl would cause "noise" in lhe
scan dala. Over the course of a single long evening, the team
scanned th€ entire aircraft. Care was takcn to capture thc
plane from all angles to assure even fine details were properly

In thc end. over 50 individual scans from different positions
yielded over50 million data poinls forprocessing. Upon rcturn
to the DDI fa€ilityoutsideof Baltimore, theengineers began to
process these huge raw data sets io reverse engineer the F-15.

Reverse Engineering lhe F-l 5
One ofthe more impressive aspects ofusing 3D scanning tech-

lnilioltow dala captured on the ancroft using
Foro lS /oser sconner

eling pro€ess was to digitally remove all rhis €xtraneous data.
The individual scans werc then aligned and knitted together
using Innovmetric's Polyworks sotware to ultimately creare
a mesh surface using all the data points. With th€ polygon
mesh completc in STL formar. the once immense 50 million
raw point filc was reduced (called de.nr.//"r/) ro a somcwhat
less-staggcring I million poinl mesh 6le by removing redun-
danl data within a certain tolerancc-

The ncxl phas€ of thc process was ro establidr the craffs
primary gconretry and consiruclion lines srlch as its nain
fuselagc center line, cerlain axes of rotations, wrng sweep
proliles, and various cross sections and conlour curves. These
gcomelflc elementswere then imporred into Solidworks where
they were stitched together and reverse engineered to create a
complcle solid CAD model ofthc F-15.

The 6nal digital model was senr ro NASA Ames Research
Center in Hampton, VA. where it was imported inro theirCFD
packag€. Ru nning the advanccd sofrware wiih thedigitalmodel
of lhe F-15 as a vr ual  wrnd runnel,  NASA cngincer.  $ere

nology is the amount of
data captured even within
a single scan. A lot ofthis
dala is not need€d, such
as the walls of the han-
gar, equipment in the area,
and even people walking
through the room during a
scan. Consequently one of
the first tasks in the mod-

Direci Dimensions
engheea operole o
Foro LJ /oser sconner
to coplure lhe extedar
Dl the nadned F | 5
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able to test their experimental modifications on an esscntially
perfcct digi tal  rccreat ion ofthcir  F l5jct .

Ongoing Developmenls for Aircrofl
5conning
Thc F-15 prqecl fbr NASA, whilc challcnging. allolved lh€
engincering team at Direct Dinrensions to rcfine and streamline
th€ir process for laser scanning and digrlally rcplicaling
aircrafi for CFD analysis. In fact. after completing lhc F-15.
th€ DDI team immediately moved on to digit.rlly recreate an
F l6 Fighting Frlcon for the samc group ofengineers at NASA
and has since kept busy rnodeling aircraf-l and cornponcnts lbr
analysis tor a lariety of aerospace customcrs. Whilc Dircct
Dimcnsions crcatcd a thoro gh and rclincd nroccss lhat lvorked
fol thc creatioll of models for CFD. thol proc€ss is const.rnlly
6nc-tuncd with thc advcnt ol ncw tcchnobgies and tools.

More recenlly in th€ l'ill 2008. lhc DDI lcam hrd tuother
opportuni ly lo sc n a pianc, this t imc a Gul l is l rcrnr tcsl  pl f lnc
lbr NASA in conlunct ion with Tcxas A&M Univcrsi ty.  and also
lbrCFD analysis.  In thc lwo ycars sincc rhc F l5 proicct.  rn
cnljrcly ncw hscrscanncr had cntcrcd thc mrrkcl rud hrd bccn
in usc nd lcsting by Dirccl Dimcnsions li)r ovcr r ycar. Thc
Surphascr l lSX mid-rrngc sphcrical  lascr scrnrcr crn eol lect

up to 800.000 points per second and has an accuracy of+ less
lhan a millimeter The cngincers at Direct Drmensrons were
.imong the first ir tbe country to adopl this new technology lbr
scanning aircraft ibr CFD analysis. The technology allowed
for full scanning of thc much largef culfstream plane with
significintly incrcascd accuracy alld resolution and in much
less t im€ lban i t  tmk lbr the smal ler F-15.

Scanning technologi€s h.rvc bccn used by otherfirms to capture
aircraft. In 1005 en-qineers lroln thc lcrnning iirn Bciding
lD (now Exact Mctrology) used a Cyral500 liom Lcica and a
Vivid 910 irom Konica Minoltr ro capturc a Srab A-35 DrakeD
aircrnfl. Likc Dircct Dimcnsl([s.lhci, also processed the scan
data wi lh Polyworks b dcl ivcr the f inal  CAD nrodels to lbcir
cLrsl(nncr lbrusc in sinr i lar aerodynnrDic test ing.

Wh ilc ncN lcch nologics .u e bcing dcvclopcd and implcmcntcd rl I
of lhc t inrc.  onc n€cessi ly slnys coDst nl :  lhc acrospacc industry
will rh!.rys Dced thc nDsl accuratc nrcasurcnrcnt nrcthods. In
csscnce. thc troblcDr stays thc sinrc. bul lhc sol irmsjust kccp
r(r trn!  hrtr . r  Fi f i (cr '  )c.rrs .uu. i l l | r rr t t  rc\cr\(  . r) !  ) . r  !
wasjusr srrur ing ! ! i lh only r  le$ lD nicrntrcDreDr kxns. Whnt
thcn t(xrk .r  nronlh. crn noN bc rcconipl ishcd in drys ul i l iz ing a
broad rrngc ol lD sc.rnDing lcchnologics
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