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With the changing demands, more non-invasive, non-destructive testing of materials is being
performed using techniques such as ultrasound testing. Ultrasound testing includes
transducer-induced, laser, electromagnetic-induced and plasma-initiated ultrasound.
Transducer-induced ultrasound techniques use piezoelectric transducers to induce an

ultrasonic signal in an object.
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the sensor. Previous implementations circumvent this problem by prefiltering the data to
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the 1dentified set of points in the range data as a
[0013PEhL681ABHs bPe PRAG il dnd3soliBQudedh&Bdds o Bbforming automated
etermning a transformation "T2" therebetween, and,
threer dimeniienabiniagn registrationpfiamgricemoteln pptitienaliistvethin 71 ingpegtion cell.
i . e S [ e
e g
detemntiniag 2 docatiersefardiralitydé ipoinfs anta lepsione sustheanf apretlodeymspected

whexi Et?sétéo%%& %&]ﬂtthg sg&nggggﬁelg@f@hng r%n%e%cﬂgar identafé/isv’ag 2 srp% %f u%c%ints in

miss

i mensi ona ovi
the raage Watanklepeneadnigh gfobbimtity ah cexésporetinge tofdaoupdinters hnthree-

aimdafiSpd BRRELEThep B2 sE e, A8 avlle p o SRR RbRL preen
the dabarpeédi crensitoaatineadetal afodélhad par det dfpoiheinnbasmpedata having

.pose, of..th art wwthin the i.nspection,cell is
a highpAPHiLY Ohe R ptElo feirbhainly O e MAdRGes S, fproexample, to
remdve v Rr«) WeleinBinBig QF sedord) Rardfenbtidnl TP béwieerTiiRSdengf pleih@.in the
rang% %t%ﬁ%@ggg %ﬁ%ﬁifﬁgpé %?W?]{?gﬁ@gfnb#gﬁ &E}%n?snonatlhg (r)nodel and the
data tpd 8L ol k¥ Sole QB¢ nsioNBIOB o d e OduSh At foP BxaMpl@ tBAkdount for missing
renotely positionable within an inspection cell
da‘aﬂ%‘&@ﬂ?’ﬁ@ if igodeh caproaPl thegtars gad thy raggeriBly, khgesteps can also

inc B IBRANIGAR o &lpesi8od DS HRASraRéfolRkieh Withi ddnderdcQtahd frond
f lurality of points on at |east one surface of a

of a p . on a .
trangfrmatieny topBernebys pligsy e thipretimsasipnal siodel With Hierpatiyé part pose, and

asso&i%&e&ﬂe‘i’é'ﬂ &%éoti@?ﬁ&@ioﬂﬂ) NG dMedsiohd S def Y g BriSike to
of points in the range data having a high probability

provigie eglaneekyiontzatign obthe dspecpion Arls on a t hr eedi mensi ona
nmodel of the part to be inspected, determning a first
[0016} Embedimaris ob FheTaressett ineantion lalso dealuglesomppisr enadatiemedia that is
aiie H5adb 0 PP AR &R Elsich iRALO feRistelki rt.
rea ranggadal@ﬁﬁjay?ngoa ﬂ?g’ﬁ pr otagilnﬁﬁsil ofl cgr regissgo}% ng‘?pa
Accardingdt el emplndibentod’ thiysompuatet readehdh meedivnt, ghe egampkre readable
medhfh can inciude a set of instructions that, when executed by the computer, cause the
computer to perform the operations of retrieving or otherwise receiving model data for a

three-dimensional model of the part, retrieving or otherwise receiving data representing

-6-



renmove outliers, determning a second transformation
T2 between the set of points in the range data having
wW@2300/g8py obabi l ity of correspondi ng to act ual PEDUS089/038309
on the m)del and the data points on the
such as exanpl to ..
poinis dRG PGP SHRE 9ig bkt weeioh Blipied oot PBh Sre bfrgiap cet
deﬁzi’r(gnengmfdaw eligndgithe ﬂlﬁ‘ﬂﬂ:»dliﬂ@ﬂsﬁ(ﬂnglﬁodiﬁbﬁthe “ﬁhletcsﬂqe peasmedd pose of
al so i nclude _determnm ning ibtiop of .t firs
the ERta RSP ORI ST S ReSHOh G R T ok @rsil ot 3 he par

poseltb PRSAdY AN visaliZagse by thalih@actioh elatah bk mdppiRg SHeoRgection

node] with the part at part pose, and, as iatin

data d%f?ht ¢ é‘E:Pth%tpg‘EtRaBnp‘H%ltr PORIYS rEeioRPsE. of ﬁls offaihe three-
dimeAReR) ndtellditiep@ft pose to provide enhanced

visualization of the inspection data. [0015]

Enbodi nents of the present invention also include

conput er readable nedia that is readable by a conputer

to perform BRIDIMPESCRIPTAON O IMEAE PRAWINGIE

regi stration of a part. According to an enbodi nent of
[0016]NSo henfe hRhndreatalhahdReiutstant Ia@vama@amfehe meadri) & well as

ne‘g{:ia_tm n i nclude a set of i nstryctions hﬁt’ when |
otherg it ¥l BGOPTeRPBiTH Y, becuifsrtorh dn i dearl § giore particular
descRBichOsMthe hﬁvesmst& a»tnbﬂmu@fnaﬁ@dr ALRVE MEhyObe BA®Y Wefefence to the

receiving data for_ a three-dimensjonal nodel of

emb@%etﬁ&mﬂeof @’th%‘%hea\‘?‘f Hsriehinns apreaddedraringhgh et form a part of

this E&Effﬁmt i 'ﬂg@%mesn@c@d q{oﬂeeélsﬁha@ﬁﬁ‘e kiR 10dra BAIY tvarious
when in a neasured pose within the i nspection cell

embefnpiRs (9 theibenten 4nd g gbﬁrﬁgret P thPesopsidassds lignting of the
inverRA&! scQfe o h%agﬁﬁau&eootﬁéij%ff&ﬁﬁ@ UhEohiReseakell he part,

assocl ating gathered 1 nspection data onto the
{om}hmﬁ Aiirengdnenatic BRER! digdrath N6 RAGLteRORE pér@orm Qﬂtbﬁlﬁted pre-
enhanced visualization of the inspection data, and
dimensipwsil igegetiegistrasion farinondestinctive graluatiee aprowking tprantenebogiment of

h glﬁlg‘,%ﬁg(gpsweto regi stration of the part to the
' eppﬁ%r eedi nensi onal nodel of the part. BRI EF DESCRI PTI ON

oo B DRAW L%@gnat%o%@kk%% togt masgmmeodna aﬁ@}eetbnt Bévice
eat ures and advant ages ot e i nvention, I as
accoutitgep $n whrbedimpptl of theaeesems lwpmnent may be under st ood
in nore detail, a nore particular description of the

[0019 nKiént2Bo i bme@moywe witetaiof 2eldsesbdivasownly inseecten dpyice gantry or
scanﬁl % ﬁéa%%ﬁﬁleg %?'Elég tgg%ppe % h éntf'&fdﬁf?écnt }5\%8 Elﬁ:?cr Binvention;

ustrate ed draw ngs, orm a
{

[002 g\%}vSZEA @%]zgta§9fﬁ$h{frd§&dﬁﬂs tzv% flﬁ\'fsv?(r)i;e?peal?tgﬁ ;Bgﬁx%gerclteguagcordmg to
an erghdstrdentefiths psisent inventivent | on and are therefore not to

be considered |imting of the invention's scope as it
[002hpHIGSn dhud errp e requestd et twardimentiothl misrasenia dmegsis | generated by a
scan lﬂg é}?écfe@ %th ]thé ﬁ;aﬂ gcthgg)gglh&sbéh%% ﬂ' p@’sarngé &cér\ﬁﬁttge@ an

o~ perform aut orrat ed predi nensi onal i nage registration

embédmentof thegresad tinveeti@val uati on according to an

enbodi nent of
[0022] FIG. 5 is a screen shot of a graphical user interface presenting a display frame

showing two views into an inspection cell according to an embodiment of the present

invention;



the present invention; [0018] FIG 2A is a schematic
bl ock di agram of a | aser ultrasound inspection device
wa@emonzisny to an enbodi ment of the present i nvREIE/DS9PI/038309
[0019] FIG 2B is a perspective view of a | aser
I .
[00250‘] h@aﬁ %J%deﬂl\/ﬂgﬁg&]wl Qfa%g%)g\ré d}ﬁﬁ 89?&‘51{ lXca%r i gﬁé}nge]t#{ﬁg%&g?ﬂ% 1o an
emqu;hms&mmfthemmtumntzc[r@OZO] FI GS. 3A—C are a sequence of
perspective views of a part to be inspected according
[0024]0FI&n 7 éndopatspeetinte vidw dfvethprealsersidnabresdel ofg p4ro©2tdording to an
emb&{x%to?’&egre%grﬁ irﬂlegl?oq)uence of two-dimensional

rasonic inages generated by a scanning process with

{oozgg@ggg{% %ér{bg&gbﬁ @eﬁ%%%ﬁ?&%ﬁ%in@l&! 9550 gﬁﬁeaqvltl% rapge data to

e prese I'nven
il!ustﬁ*zﬂé)@ AgiEb®@n BHeluding nsdihé@mthlamﬁnaaggmltﬂ ssaents generated by

f di
a mu. tﬂ%%\rw ésggrﬁe%‘% %(r:]éolﬂp zg%ﬁ 9 anle%og' ﬁneﬂ% o%fcrlge prQs% nﬁvgeé\h ra]z{la g¥\5

Ctl on accor an e

{002&1@\/(30 gf?ss % &etr%{)r %Qrge Qf‘t{'wp 1%% Fon%hgwﬁ i [0 § Hé,/vl; i{l}%feg{lc%lgdata

p03| i on I'noperation
"waltpapeaed"ecrﬁaomermrfnceodf thch&:g[steeabmbdai rawmlmg)m arf @0RHimeit@f the
erspective view of a three-di nensi onal nodel
presedlfmge‘gé?ﬁt to according to an enbodi nent of the present
invention; [0025] FIG 8 is perspective view of the

nodel shown in Fl T“EEB% ,ItIBNfange data to
illustrate a reglgprgrmn—%mltlple

[oozm O[Yrgsreh@ﬂ%rpgn VWE}P ggw%gtd@sc‘?;%&]@p%;fugf RELRLES nﬁ \ﬂ%ﬁ @ference to

I ew scan acco
the e@@om;m;ypg dg:emngs; wh@ht:lﬂt(sttate ampodlioeas jof Fhe@nv@tsps Ahis mvention

may,herw%eg Ee gx%bc\)/ e%m{n(?n ngrrzﬁfferrgxﬁlfgrws%la gf?ou?&?macgnf u%’ gsg gmited

rnsp e t he
to theﬁilxtstreted egbechmmﬁsl setdokett hareimo rRhthmg theye ambedibveolis menprovitied so

o R, Y BB S AT AR ol

invelitkiheo thakd sillediih thefagf ellemombeio réflreo ke cinpany thﬂgjghout
drawi ngs, which illustrate enbodi nents of the
[002BNV extiduis eystenidsugh hmrﬂehtmtam@g\raldaﬁmsbmems ban mtwoelzinphiy lnvide

ferent ,for and sho not be,construed
arcay TR et BF ¢ Rt PioR AP aioclih Sxits, co G P {eal Ranner to
locatl @liepat wiﬁlﬂh hefark bﬂﬁ%e&ﬁ&@%rﬁﬁﬁbﬁai&b&nﬁﬂ Gt et@elpis peanvadate a
scl osur e

. this . hor.o FCO lete, and .
point Py PLEGOYET DY cE hOBE S8 G I G o6 Ghioe G S oPhBet dta
can &Ftdsér@%d post B aPhaft-in éi&n%hﬂi?@frﬁeuﬁ efs@isof @ath') K& he point data is

enent.s t hroughout.
usually not directly utiliZed. Instead, various techniques including image registration
techniques are used to define coordinate frames that allow the system fo relate the three-
dimensional data from the imaging device to a computer-aided design ("CAD™) model of the
part. The system can then map the sensor data from various viewpoints onto the CAD model,
creating a three-dimensional coordinate frame for the operator to relate indications and

evaluate scan coverage.

[0029] FIGS. 1-9 illustrate an exemplary laser-ultrasound based inspection system 30 for
scanning, e.g., composite parts, which includes program product and improved methods of

performing a three-dimensional alignment of a model to a measured pose of the part or parts,

-8-



[0028] Various systens such as non-destructive
eval uati on systens can use or enploy a w de area,

wo pgiizigidlevi ce. Such systens al so use, for exeePHUL0098038309
t hr ee- di nensi onal scanner to |ocate the part within a

acco gkto%ﬁlclmboa_ h‘ﬁ:n{ & tﬁ@]:) II;,I Gﬁ/bxﬁﬂ)ﬂl ASGRIARE lr)rpeff Mo )gﬁllﬁ)(bel, the

can create a p0|nt C eonetric ol nt
systegtnB@eyn waludhe laser-pliresound 1rispr@t1@raﬁwce§kh H@ﬁlmﬁltldla agatonps; a

laser” ﬁ%s%ﬁ:‘?cp 'inég%gr,)? ?§$R@£rpg?, %r %reé Betdofll Y8 2]13%3 \ﬂ.riltgﬁgmn&specﬁon

nsor ata is usu
progmmr y@ﬂw 304 Gonippted aidkd desegmdnodedy (A €L Fmiegeheigart of interest 43

storegrl§ ay%hg%négﬁtg E%? Ehtdr a!n' {gJ‘ ] 45% %Qﬂ'a&#&ﬁ&iogrcgg ll@esﬁnrédoin the at
he coor di nat Ta At al e systemto
leastrogt datebabh 45, BkﬁhebshrMmlrmrakietdm»aoM om t he i magi ng

device to a conputer-aided design ("CAD') nodel of the

[003plast shoPheinsHISt ém dﬂriasteh elurasmlpd toh‘ecsscsfrth@ iasdaﬂiaas'bumnspectlon
ont
cevi AT NR TN 188 RAPuHT A R Py G B Ty o hegine

laserro@ b’alEEultrms(daumcagemenaSn @mﬂro@\ﬁ&l a,la:amlsg:hﬂ:r Sh\ee tmg@ne [ORBferably
l.ustr.at e .an Ser

at iezgs(}igﬂéod S?EWBI[S'% 8}1§r%rﬁ 5 yﬂ&d é_'%ugﬁr?%x%u% %{r? X aptlijcéx I&CSIVGI’% to collect
the piﬂs’ﬂ)ﬁhsdtt}ae@aghﬁr,eﬂwﬁectby t%qiaud&ﬁinprsegih&@ pr eieby dafect surface

rove had erformn hr ee- di nensi onal
displaf e Rt TGP A s GG LS ed CBre R o Alopnge for
exanih¥é, L, aagmdérn@aﬁxﬁngame@n‘@p%aﬂﬁglte of ﬁweaieg}e@semfreedom Such
i nvention. best .shown I.n FI G t.he sy

configgragigh cfith &hlcrm éheaoﬂt’ﬁéé‘? Do PPYGSH AR X n‘ép@éﬁ &?M@W@éeﬂmund a

vertiéih axi@ (PaHathoPSd11aQR D, OmapeFatiS? thedgdnB$ Badl It JaB IR WitFred so that
I nspection conputer 35, an area network 37, |aser

the sganmingdashel isopiieradofer sragamPprsimady S5ty ledaplipwthe part 40
and ﬁ' ?ﬁgxﬂ%% Ber?@?x‘a%luﬁr {o tgéglr}acé AcdRbinE aEMcR JekirRiconf; uratlon

er est in at | east one database 45, an
the Wg tgghnigue dp efferdiye @t P 0, deil ¢xamgles ppiredmptgin -+ éﬁgrees from

perp%xﬁ!?ﬁiar 'ﬁ%&%ﬁn@%% m%erx?%%%n%%?ag&h g?[ﬂleéaﬁg g@é ?a‘?gé; %Eﬁsl L, single

scan ghn tizsdoned-opptupcy ofixthisid apere fabt satauniithe mep dythmaring two

scam%ﬁ% b r§ c&n‘{g Ay M’t]l‘r‘ih H%%caﬂm&%' h{%%d "§¢ éo%?‘sg ié‘el% £ Bnfigurations and
I nai cat Si heati ng

e a scan
diffekeat mirr@mpogititréng mtpnasdnmﬂergmmmtngmgp&bdmy ce 53, a
scanni ng | aser 55, at |east one, but preferably at
[003F pAstordingio theahome d@cﬁlbadrconﬁgtﬁalionarrmeaﬁ mommm’t @rr@miteé during

the S?T%nd u?ﬂ?ﬁig&?%ﬁrﬁﬁj pos %% %(1% b%l?tll{l%d ?ooionﬁ)(fegelg ﬁren Raﬂ for

exampée tdue rte h»ycld‘ﬂdpre ccktestu raﬁchserfazte sphmmymis"amﬂss 'Etteowtputmf each
- vari ous claseﬁtr ul, trasoup& 3 ﬁ{ cs.can be ¢
Sca“’é‘r‘B% rﬁ‘t“%pc‘f “f’% PPER é?Pp‘l“%“ P YoFUmPINCEH (U ARSAYC HRAgS depifting
the ingpectivg, daen B thefpth&mChfghepm 4)3 chvesgldgnibe Staah The umon of all the
confi.gur,ati on .c e optjcs to he 05|t
imag oAt FsSios AR cBinn Bt bR e el Bn B S LG C. 0
Spadiir dntZJtﬁEI uBlascuxd ﬁla@:s daR bﬁ ReHtAl fe® Buch ikt egRitel rdpeaeht®a tonstant
can be rmve 0 at. t he nni n ase

Spacwssoelﬁ GAdHoa P%Pe 8 aqﬁip?eépenilﬁﬁﬁrowﬁ%{aéwowaw 3t adhied distance
fromf th@®§Bahilfy RaEL 40

[0032] A benefit of this configuration over more traditional inspection technology is the ease

of scan set up and retooling. The system 30 can generate usable data over wide angles of
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and is approxi mat el y perpendi cular to the surface.
According to such specific configuration, the scanning
wo ewbn2egue i s effective at up to, for exanpl e, PCT/US2009/038309
approximately 60 degrees from perpendicular. According
mclcfef?ce%?heosrc% gq 66k 9% g :)?Eﬁtsﬁr@eﬁ %f?d)l:dnc@ma‘?e 1&1910& %rgi%[ms in the
parts, a single scan ca Rerefore cover up t
pOSIWW of thyprat & froptone ewnite thegfext Hehipallowstihe mﬁ/ﬁn@ ltws@ged in
r 0 Re@:» n
e GERBALTGIMWE LT, SOkl NER Mobile) SR, SAERPUR B Sftince an
inspevtipn Gibleglost shpen) wigh pwrpopitionddde]adiiftbevhacit a swiannf pﬁggs and posts
3 [ t
can %on?e@ed [;r mar n)o % né'l)wﬁ‘g Q%an \?g%se ﬁs?co V&%n %P ar?telg %% é’ch? é)o%i‘honed
witheu dlie, nebaﬁfor nx;bmsxpé Bxtg@n br sigpfisint moahﬁcamys be utilized to
conpletely inspect a given part, for exanple, due to
[983&1:& susifhto lecdienthe uhmdommda‘tsameinmmuaiqiosmyn onfet mmptesa CAD

modeln gen%%co alffa/ %uvc\;%(:f E%aggg g%gsr 9)2»‘2%;} S uﬁeeﬁ;ig%q) eag resng acovered during

the iflgppétihi pageethe Hertspent bak idatiae frodeltfveanabisi Gubakjudndg, stress
1t 43 d by t The f all th .

and A s Bl OF b BeREa m Butfpmatis Hapslbfghot filure,

Furtibat efetgvid @€l pan 1ﬁt516;0ﬁxaftt so“rﬁia( $09 dahGhe -Dmpalpiagdrog Siits, or

t he ul trason] C control | ed such that each
Commﬁ%w%sﬁg hipsoy eoﬁgﬁgmth%ﬁ&f-ﬁg JAdEL- eHBIRE £y be readily
detefpligddie pl aced perpendicular to the | aser source and at

a fixed distance fromthe scanning head. [0032] A

[003 08 vehtibllf, Ah $nspeyidr igplxre@dnte@ﬂwﬂMﬁfrasﬁ@iﬁ @mhdeddhd ﬂaé}aimes from
t he ease of scan set up, a

i nspection technol og%a@%
thosg upagss fMigriatmel &Hat thedpcagien of aie defedn| 1G4 Gvséﬂpw a
sequihcd &angk 85wl e p4eas svidin HREnGRAM Y 4RSEIGRAA-C show a
the part surface and can tolerate mnor variations in
SeqUETIE OE BéRsOiHpe BrReend gsaprated BY fhedrnaHig nseesss Wish thgart 43 in
the JO8Xibns shab iRIFIGYSI A0 RAine4B teuiPEoRit ARG Jieﬁ‘a GDR difficult to
i nspection cell 49 (FIG 1y using "soft" tooli'ng. Such
ascergaip thetagypl anyeresmofi thepastis within thepreanned reicabINoty, rhlmc}arker color
segrr%?ﬁvgﬂz)ww ib 16§ 81008 11]%108@%643 %lfe?e {Hét s@ru&me F tBinA&" thiP others.
of pegs and posts can be inserted, prinmarily to
Notepzleyi the ipiges showmds FHSSt A Whers Qrkvatepla}r&@ degrese froge tveryical, as
d, without the need for expensive fixtures or
typwg?%?}%q‘vlg%gnt nodi fications. [0033] It is useful to

[903?]8?@(31';(@ ﬁSWHl %A%%Orrgé%ng %Eaaﬁé?arm a f H@éan‘pﬂf: 'bh{ 0 quﬂity of
the datadaltﬁemxlmregl_am isaick well defiredt 3t lapdssybmmatfthcamageshown in FIG.
3Bi ﬁnnéc?e\és%(}ggtv%ggc%g Lftht]?i% %ﬁ%ﬁg}%%%{é t % Cees%agmtlseiﬁpo%npk?etolu %overed

(undemdastwighonlyahe inhaats sosndal I(I‘hﬁé Jdsed 3!B)arp usi (ﬂlmﬂalyt accurate
[ mance i hood 0O ure.

dofe G BHEHRE S b Fortr s Pt Pty riine Wi Rty o gnalyzing
groweio rﬁpdf@dssachmrﬁmst 6smg) tmodelifa uexdlysee r ot SnASaining archives of

freqt@ﬁ{/é%fécé Eo%g{’fl\éb%%r fé)é ma c{l)lnfgé{s-g):ﬂﬁ{ %eg%e{nzse%?c% c*élxpac.j “These analyses
can become more complex when coupled with soft tooling, as known to those skilled in the

art, which may shift the relative position of images from scan to scan.

wJ0e



[0034] Conventionally, an inspector is presented with
ul trasoni c i nages and determ nes fromthose i nages the
wer@pamsef a part 43 and the location of any de¢EUS2909/038309
FIGS. 3A-C show a sequence of three views of a part 43
h the |
10038 1Vl BOphFFRREE sPefifln, 8y ensd Lithe BE5H0E R'F ipprpve the
Eocalcheorsmfah&mgthp [Yezses i wtc:hpmnehqaa?factsm thersoft henlipgon theqmse of
gon El n e
the s34 it f SGhogion 25 na8e Pl S b A M a3 Tgigucs
to requbt the uﬁlmsmmdaatwbadm antd the csrra:rm!e\ebrm@gmfoam urblediydng CA® model
segnen shown..in FIGS. 4A-C indic
his SRS B e RO EFT IRvG B R Pale ey EALE R @ Dot
presedtasion, dibeingriafesiosdionntol b detetibined AreCisely doranadetihgshdlB@lysis,
egrees fromvert.i cal s, typically delivered

and SR By ey oel el ootimbeiind Rragoetifeperhpose.

Beneﬁéﬁﬂy Tthe ﬁl‘dieniahen CUif athk t yitr@onic h@atdl k@ benddddepled &Fdndphe scan

regi on_i.s not defi ned |bIe hat t he
paramefas cand (b SVWSF'FF\A@F@"%BSH‘?%*% H’n%@é@?g @Eﬁh)ﬁvay ‘Hdys an
additidnal BerRftahéy RBRSicBnByed @kn tbeeuse@&mth@ bh§i€ QAT etaﬁlpdannmg

cover ed (under scan) en aonly the imges shown in
applipatieg, designethip e@%tealéas Q%Fememmﬂ |sgly Piiﬁc,ama&'eh propidle fik geyerage
whild @S hitdiARS oaél%chx{m Ortle 3REth b acBlGHRE b N &nbcﬂﬂuﬁ&ﬁ%f‘ @B Soresent

anmong near defects, for anal yzi ng growth and stress
invengiony meludesi fovn sepsud) mpdaioe izrity pemayisagnd mepection cell features,
(2) rx@kxﬂ& @Herlb&ﬂof'f‘%? me\iﬁﬁ 1thhef hERLEH e HERind ﬂ’x@?)%éeomhe a¢ned

for match |n% as-b data to 1 n-service hese

para il gfigashe Ibemﬂ%tcnﬂww@wde&é)vmww theowlphssundridata onto the

L4 FQ@  as known to those skilled in the art,
repos\?\ﬁgn?w mayllng Ift the relative position of images from

{003'§Cﬁ8déhﬂ ey ?Qg@insﬁ&u% & to inprove the

resent tlon 0] to the |nspector and to |nprove

h Li zat
{003% h:gsg ?@ hbdva! *H%nm&ieisdﬁ t%&ézﬂ Lhe ;mk%”&&%;&@?n@ggh%ﬁ the

! 2 ects 0 the soft tool I Ng on t he
scan/irapectia® cell #hiwithithehish arnedes pé thel gantre 6B Icam Ge apairateln nusleled,

ammgtfggpaldh g{;sn\{én%%l' all“iné ?Qtahg Egﬂelelﬂ%easCAB nliog@p@é ) a“t:}ﬁ ot? b% Hlaced

t’rasoni c Corrected vers:
withig nhkemayflmgeccimmﬁbé%l can g exmmmad penewdrt sihilated cdisplayed,

and £n%. &8 ud) El% %l r{lgﬂe;l] %% (?hengég%/} %cRTearé ?%Jr?a%e { dt %}g} AW gn%t touch

sent'a "ow n ocat i one
posﬁdmtrgrafl the daryetend éli o fdeﬁnetdud&a‘n positicand T&rsaw}ilgt&il Spviamthent can

[.| oW can covera recisel etern ne
bencfieia® g RE PerfgEieftiint Satfiddt BE D R A5 Qe Gen of
the rpquse pteptdcedsing@fwdrk evithbtir s agndgfod atcﬂsmrthééecad&@wpioﬁdel 49,

fromthe scan paraneters an e presente
The Y*HE%E‘E‘E?P“%@H” ﬂ?‘é\‘%"ﬁ%&ﬂmgﬂﬂ“%‘?ges ik ?’Sé%nfi“‘i?/\)él‘;?“al‘ﬁ@“"&ﬁ“d can
formankdbdsisaoaboth @ﬁlﬁfnla{ed s&dﬁqﬁz&mﬁ@'@dtllﬁﬁﬂ@ﬂéﬁﬂﬂmhﬁaafbntwfom? eHIG. 5

as the basi scan appl. catjon designe .
shows @ SqIFED et o a|gr Bisat wer niratage §bpregtntiag 4 paaféfan&r%%gwa@'mg

two Vil iEO¥e &@g@uwﬁl kdip4gn mhém;?]deﬂ BarRY 8EpiQe AR -cell A9 REMOFOm the
accordi ng to an enbodi nent of the present

scanning laser 55 while the lower panel depicts the view from one of five defined positions in

the cell 49. Field section 85 provides ganiry positions and field section 87 provides gantry

position control tabs. The graphical user interface 81 also can include various selections in

the menu bar 89 and those shown positioned around the frame 83 allow the simulation to be
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i nvention, includes four steps: (1) nodel the gantry
ki nematics and inspection cell features, (2) neasure

W@ b@hwsat i on of the part in the inspection cePdT/US2009/038309
(defining the pose of the scanned part), (3) align the

40, t .
contigflPl R bR, Db R o A p kA Pt By it AR U e B Rica
user Geterfacy 8drdn shsperchs ofthCehit 43 [viB88icasomstbiots (adudw ef intidence,

: del 4. n.inclu nodel 47
sl ShEerfTHABREGy hide 2P SR iy IR o Ffionifoefi o2
virtubhseaiggrtatipn 63 can be accurately nodel ed, ani mated, and

positioned. This beneficially can allow a CAD nodel of
[0038] praturidthePobidopbiabeBartintthe InsgehgorsCah/ | nspecti on cel |

49; can allow existing scan plans to be sinulated,
[004d] 3p hatpeédbovansbitanalingzad ba saigduaingtieeicarfing recesx tositripnaye the

rd [ rface:; and.can al l.ow one-tough .
usaol B YT, 08 Crend o Rl e 0 g g inorease
throyhputt ifoner offthe Sysdni BQadn edapeiatlaf entamad plyendSf éncd gihgly optical

tablegél%)g%g?tl%%gé,ra' greé%gplﬁhgqugg %}a‘? tpggse Eogta{?:\)r{é% df?sgxafrglgeglfor correct
aligrdieap |/r ms&iﬂ'ggtov\@mkl frﬂpzdgwtaﬁbﬁ] enon e@dlﬂx@rrirgcl@e&saré Qetdieto be
scan/i nspecti on, ce : virtual environnment can
provtﬂeg\}r? axglexgtgrslcalbwltfqnaln?% ’fgs %éqgl%{l% pat 4%Hﬂng ‘Qﬁ: optical table
can \be S kiRt 120 NehasdihgC aNsdt OFMhAIBE @ Sirsvil®r BRplcable” part pose.
aut omat ed scan pl annj ng and i nproved visual i zatjon
Unfostupgielys thigpmsthagology, goes nefc prplly gpvidy for E‘j\“’aﬁ‘?ﬂ"&%lo“ of part

posititiedr Jobd B6h a6 8 sdarPin@TRIM pd¥Btodafll IRl Bdh, faﬁﬁﬁi?en?ﬁ to accurately
showi r&g two views into an 1 nspection cell 49. The

positigspibp uBtsRtic deqgee s op ke €4 madp! rauisesedetqrmiting Hig position and
pose\s;&fa&@ A8 1P8RS rap w%pgsi{i&ﬁné Heer ADaRBHe %Q%}%épﬁ%tetiﬁﬁfor each

i .
ir y
I ew fromone of five defined positions in

individnal pytelf geaelinspestiombdat: ohrepedingy tmar gmpnsiment of sheagyatem 30, 1o
&cco%ﬂgggl‘fjth?‘se&ﬁ: 128y %as%{xﬁd’u %a%?r? 6934 %’1 a\%ﬂ%h{eﬂ %h%%ﬁ:{ﬁkition locator

The graphi ca Ser“interfac 1 al'so car
33 sighaisuidecspmpleo a streptyred lighy mange paméra ermrtbe Blawct@e Lighti(SL) Vision

cam%?,%ﬁe&?&%%S&%@d Mt%ﬁgﬁaﬁ&g%ﬂgs the frame 83 allow the

ion to becontroiled and nodified. Oher w ndows
el . : ve . ’ o g
0043 AL EHAN Gl Moo SRLAUEH 4 b ol BOANL OB position
locator Ahinchrlet a mngd Bser &g the dbrmi ¢ici lden steiperd st amdeh-fiered camera
et.c. ) .ar 5 revi de..f.ar r QSi L i Qni-n nd al,l o
93 o§ itenhnif o MitncP 6P Yo 1 3o B feaRk fob@TH" Mot it best
shoWrD OB PixeMeaphirdSndn tthie deoSguratinn, dbie tidvehdPaotth ifiitet,htbe camera 93

n ction L1, . 04 . nat ed abov of.t toal
subs{a G086 e iy Ao SRRAG) BROSEaty BB st e e the
part ¥3.alhisiitifpredtioh hecaylstieinB80knadalze a@$ eietpoeition st thefscam@ing laser
rt devel o nt nd i ngrease, t hroughput. A, user of,

55 of e a0 T aigvEF aGUa of PORtselBe SR PR H g can
take it ROL QuAPéd cradifférak| Rny pbsisdhe R phavdengset o Hata that together
exanpl e, s and sts to provide visual cues fqr

repr%sgmgg%part Q? gn the cell I%r% at the pa posé:/.I Accc\ylrldlsnlé to oné':'I embocgment of the
system 30, the part position locator 33 includes memory and independent software to collect
the cloud of points. According to another embodiment of the system 30, the part position
locator 33 interfaces directly with and/or is controlied by the laser inspection computer 35 via

the laser ultrasound inspection program product 39.
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alignment. According to such inplenentation, no new
fixturing hardware needs to be provided in order to
wGeemmizddi ti onal parts 43. Staging a new part BGI/USI0NY038309
the optical table can be as sinple as choosing a set
[0042f ABQELS JF td P i9Yih
horTEn ot o oR b G, 5E R iAtsRee REr's1 33 Bapgrs 95 can be
calibgatesl; fodeenfoye Httrmsec ﬁ@ﬁ@ﬂi@atsuWSdﬁnqo@fchtSpo*s&ailgmnem; rof ggseamera
S r
magkofifles R cBRAE lkics &Y AR o BBt e o2 Hfle oAb and
laserlb@h rqiatyemmwmmer,r@q uwiate@ td &tednser nitragpunth gamsﬂ i Serording
f eposi tignin e
to a %1b89§1%flp ¥ ttl{l:h ey@% g)rrgtégﬁqrgceﬁglr é%g B utohzted Q}:hul:'h for
exangd@raif peisitbe pard p@sﬂdmt lacatcAcSGcM diffecpnt p)olans near‘smde benhanging the

pan (I REBHAT Jdhs PnESSRaR BEP gkl SRHTHIERT Bl g thon fnding

corrgep@idencen bétoeat e c@bers radpecand fiked krﬁwiaimisﬁl,omam&hef pietsietlelorid

(e.g.,l\iifsg(?hci&lié @rgcgﬁ tsg‘grgi\llsgcrrglptga éﬁ&%ﬁ%‘é{s&%tﬁ%ﬂa&?msm angcator 330
the doakiinasd OfsfediSof t[l@%ﬂdcugﬁ cﬂB?@)ﬂp@ e sihgd bdlﬂiﬁe&lbﬂbﬁﬂzeddﬂe can be
erre i guration,

i A RoRSS (T A S PRt ol SBend nose e par

positiéi 16¢6r cBmpasets veith ﬂegﬁﬁt to dAE arbtiP ohedahipleS 188k £ RARkAcamera
93 tq determne the st ance of the part 43 to the

(not sheyihi AR 1SeroRy dstyrmingt Erach SOERs M BWEE-PEREIE tachniques to
calibPdt/@dtereiPihe %’ésc biink RdSur€ Q%érﬁ l%iﬁit fe§fRct BUGe SQnhAE laser 55 to
notch filter, the canera substantially only sees
therebpi deterpian @»quydlmn%m @ﬁtﬁnes%w(thq: era)erp? ofoetivecttie thyeetm@enswnai
r [
P PRt o Bl o i tenod el b eAbRY RRirbS, for
examgderini vgner 26 @ H8sing Computeo Misiat tcoMapdiaser Yliraprupdiagee §AD
rt | hi
Geo@%ﬁgg aEgVI%Q g?éﬁ)g?ﬁtgﬂ%ﬁN Em?ﬁgé F#ﬁl?délh}g, %2; r&%}';cﬁ& tlﬁs?ﬂvte of
Physpa$2408p rimootmﬁttecthwvfedmcehmn iroits aabéitedy.t hat t oget her
represent the part 43 in the cell 49 at the part pose.
[004 2.4 bgrdigige CalbMedd i thd iPasenf tlsf Parthe syst em 30, the part
position |ocator 33 includes nenory and independent
[0044]oAt thisrpeintdn Bglpresess, thlqesymro 36l het aqgeris he:sn apeede diodg 470f the

insp%gglg t@&g{ 492&3#19 ﬁfteg??ngcﬁfan %@%ﬁﬁg %{Hn% :}Jg?g%@ irséec%s(il&b%]odel
101eﬁﬁtmwﬁ%édFKy7ﬁhéﬂma$gmnym§pedﬁmémSUmﬂmebR$aﬁﬁw;mutMemnt
cIouiglsc?ar[a @%&F@ﬁﬁj&%@%ﬁ&%ﬁ% 1?%%0?@9 glg %@R%[t gfghijcﬁs l?'lg ocs)eo \Afv ém the

ta I's | suc
;nspdcasxeceimm ﬁmdlextaamrfa OB ovathe AL mbid) rlat ecdtliaoit c@mﬂg matches

L intri.nsi ns su h..as

e b G e SR 8 PR bE  ie FSlifeotsppsisation s

lilusmﬂm&lira Fi@t Bi \m}sc%c shovas mokiple 6ese.t ﬁﬂﬁe&&nﬁm&e@d&&m&@ &efhents
canera and bot h re#&tlve ane

ther, .
genely K SAROR, AMDItC G e 1t Y OF e BT AL OTRF Sigh Basration seres of

stepsAGRRIihd) G éo@np@ﬁaﬁ&ﬂbﬁdﬂe nefite 6ifihd LAlcows taRE 38a v@uch may include
cedure can be utilized which

callbrat
pomg)ggwﬁqun HP B%Frnfur ffs 1pdhe insesetion ggil #foxrsyeh g%thgttable upon
whicllithd Brem? isPRIgRE SwAIR oT tRCRBFIMYInSIRMeH Od 4N €collectively outliers);

data which may not completely cover the part 43 to be scanned because of occlusion, or field
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pan and tilt settings of the camera 93, or by noving
the gantry head 61, and then finding correspondences
wheiwez813 he canmera i mage and fi xed known posiRCDHS20091038309
t he physical world (e.g., associate or otherw se
of vfe(vaﬂﬁftﬁib% t(&fﬂe@t fydxlnﬁ g? dﬁﬁé?ta%m gteﬁhfnsga(ﬂ RS ik gﬂitlstlcai
l'ocator 33'to t coordfnat€é sys em of the Tnspection
accu(‘g@ypfﬂlgjangﬁdth(;)etgt age calibration procedure can be
utilized which first calibrates the intrinsics of the
[004§hB@neﬁeiglix>iﬂtmla$eo vhrnagnund Bispastiopprograoy produst pasterep dsthe mgmory
111 O?Ctﬁé (Pe[sexc Qm%ﬁ@tlﬁsg%ﬂolﬂ LRG3t Qanofh%}%ﬁgqg'ngl%[&t]%'fs%at when
e, using ture canera
execgt@d Mdhd@r@pmmégﬁ pﬁthgeqompgm éﬁ,scamgep tig computer 35 to implement
operﬁtf%@ % Pér?%(fﬁsl?é Q?%r ee?lg gfr.rglrg Zl’?({/c\idg?%fct% r&g&th%{: gglrt G5 % o olﬂgcted
part Qaammntm glehsmmirpoﬁ6 Notet ﬁen&dmyoryi éf blcan melude Volatlle and nonvolatile

menfo L EALTIRE Qe A BRTRAhS, Bl GFRITRAM RAT, i Fagneti
or optarat cms Sjusthtonmﬁnoaldbwgy'ﬂnes p@gmef @fddyctdﬁs card bedn tﬁeolform of
i n Turner ut.er
O RGP O SRl B POLLS & spRse Ry B sets of
ordefQd aiptiatiads t‘iﬂ%ﬂ dyaiciené Iflﬂ%h%ﬁé;@g 5% the Ut dverre a:i&aneﬁffﬂf bfeition, as
| nst e o sics |nc por ref erence
km"ﬁbP Hn@ﬁﬁﬁst?%dsgéﬁhw ék@‘ ? < Y fé?n ﬁﬁe%"ea@ﬂwa@rct 39,
accok@ng Ben Rasedigknt dTehcRREdknt ihQBA4], nbdd Adn k@ld@% 4 extifetd Bvolatile
ess, the, sy si em 30 has access to; an accurate

me'Wd @P’f ofn bsrselepiyelyniopded 35g1Fesaty. areording o v#idua mrethodglogigs as
knove W idBinBerSdHd byihBRLskORd e ggcur ate specific CAD nodel
101 of the part 43 (FIG 7) of the plurality of nodels

[0046] Accﬁi{ﬁﬁ@% dnrbnﬁ)@ﬁﬁﬁﬁﬁ@f tHDsysRRB (2 pREHAT pioled do Ofhd Gkt ds, the
(determ ned abaqve) {)I‘ esenti ngﬁgm nts on the Part 43

operfipr fiss foa%@eﬁo‘ﬁ%mmd?fh Uh apd gangp Siple e Bo ROk PIoUd of datpdaken for
the PBXY3 %B% ln§percf%drﬁmbea the SARIRASlapli0d $6r §R&%ck tof the laser
correctly matches the point data collected, referred
ultragqyng dnspecion Progrand ATOdH 89 ulAcerding te arther smbpdimeatof the system
30, ﬁ%@gﬁétﬁg o%a% am%: r?ét‘rld{ﬁttﬁéag bﬁef&t@the&?m InflAeSIUG: the c part 43

seven) non-overl appi ng segnment
fromgilir eklsallésd OWO@IW @;tom;é nipthe tdatabdse ¥é nangli i€ notswtomatitaliytreceived,

seiecgsta{él% Sref}%e dIQ'l? 8% tél?e[a %?Je%oh?@glsrs%@l%%r Erasou d mspecPcn% program

per at is co ture’s
proded| I0eeteincks ﬁm@@edhmwsmﬂaluhomym ot lhactmrtpddl, mtdsreceives the point

ctouf §F 7 PRSI S AHILACER,  Nub0E JIBRCHAR 88 bic),

of such as th upon
thensxteagﬁtj/ graﬂildaﬁy ofovehie $)enan81r‘cigs£ef’mspﬁostspmdemlvhtmﬁe model 101,

: dat, ich ot, co et el
his 508 Tt ke B yew ot w3 odPistrul Bt BR iR Tl of he
regisoatidn pﬂod@fs hds @wedsonalabtinoing polhel | ofd i tkieliyitial s@nn@m the part
ste errors in statistic
placqiiol Pireh G e b T S i pEciop SrOQ R asqioRl AL < ah Giipst the
pomt hbuh aserCAbtmagound wiflRe Cirtten opéeef aﬂbﬁétﬁtﬁlUCtBeﬁ&imaily, as
111 of the | aser raso

red.in I nd
perh%nfr %téél?% Hbghﬁ;f?t"ﬂvsy LER T rcr?gft ety ‘H??P&Pde“t of

the eWM3RRce of outliers and with missing data in the point cloud representing the part.

[0047] According to an embodiment of the laser ultrasound inspection program product 39,

in order to perform such registration process, the laser ulirasound inspection program product

-14-



executed by the processor 113 of the conputer 35,
cause the conputer 35 to inplenment operations to
w@ezeporesid he al i gnnent of the nodel of the resperUS2089/038309
part 43 to the collected part data in its nmeasured
2 A, oo B8 IR LR oA LLEF RS Bkl B
causgsnibe weinpyter oo @gﬁm the FpantioRONM expaetingagn éeaidveoelosest point
i G [ just a4k
o 081 R, 01500 QPR Bl BPEABL R SRS
target.olibd eyt odfids shynbsla teankiamgpiiag é‘%“l’t mrata Pt ol palets drom the sensor
SPecl t ha
data C%le’t ’Ifh}s s?ﬁc%tp]p dags[: r<~|:$ %% I%%r%sgé)ﬂ’a?ﬁé’eg %ene &éa?té tléegs ur £ &n%s i & they
are 0@t 8 poiots, indbe l@mgmemmddanmdmt smeadﬁkehycot}hoﬁmnstﬂae Iniqeldl l(]i as

e, art. .Not.e so t he pr.od ordi
caler 60 8 o bR o2 ot 1eBHE, ofReRi Gl s in Qi Gt e the
iterathvesdiebesti point igothin dgainy thintime lusing ke seersiryaf pblmts fean theerange

ctively | oaded, as . necessar ordin ari.ous,
sensh e aonse R0 T e ARG 28 A e Do T G o Yy =
transfdimt HE2.ar t Th¢ OsE}oAC Gekdiiiiude o daamani dwﬁeftﬁn;ﬁ)@ltﬁ)ﬂ €of the

stem 30, program product 39, an
monsGi@Raron  ry s Gaeee Ohaersigsmisiae dleﬁglcgr%ﬁl‘%gﬁ rggiptaption.
Accdr@ing to tH®kRbodinktthiahe Prlofin bRIBAR F90 khet iﬁﬁaapfﬁs A3hd Qerative
be 1 nspected into a_part placenent i cal user

Cfosqsmcé?tfaé@éiﬂav bP‘Il?&f?‘ﬂ%f‘éra ravgl} Bty c?féb% B L O 1 grngersensor
data,Pin@AH&Hi{39 a LC6OHEhRAN ttﬁb %gé Q@fsoxeﬁg%’ %aﬂﬁﬁ‘&e Fﬁ%h bRSability of

syst em 30, program product
correspraingde agwhleraiass ppdhaompighd@é! Til@fecfoesﬂ pﬁﬁ;ereglaﬁets thg identified

high Iﬁat g%lgg):poﬁ{égfogzh% B?égafm@@‘ﬁé §a1ﬁfo]‘msrgﬁ?ﬁtﬁ'% fhdh m@%bove operations

. > & aut omat i cal ecel ve
is thserlom@psstlctrhef thengensiumaideifisd hysthd. f@opqsggpgnmengwse of the

transkdifa iHAHBEY &E@&%H&‘ga snspection program product 39

recelves t nmensi onal nodel 101 of the part

004%]per;§ﬂx‘i’gr th€ SRk-AEhlIB ARY R%#agéé‘t‘?o gk C‘E@ Rroddine

usi ng an 1 nput nouse,

004§]rﬁ§§e§ﬁ’4§}s bedt QRGBS MBENS, a%E&rd%g td Fllg Qm!?@c{‘xgéltlo*‘ the laser ultrasonic

_draphi nmoves the part
inspastipr eoscpﬁymw@@cw%h tbm@pms fogher iPlalude | mappingremapping the

gathe?%]d gl ason) a%ﬁgbr Qﬁtav Slon dsOHY I%xé/rﬁﬁfe Strh%tl Jhoafﬁllﬁ) AU L dhg\gg the

Iteration of the I'on process
model 10éathnphit posttarctnplgiepbs aﬂsocnat&fmexf tltdmlgasomctsma:br data with the

CAU’J‘%nP@en 'TBT“ :sb:gn BEL éco&lpﬁ&%geﬂ; e}Pa%{chéu %9 p%éecttﬁlg t% fhsonic data

rasoun I'nsp ecfion program S run
onto gl pas tas tahtextpml MHg:h&wHizarmd t@ﬂﬁ) (mﬂc@bwﬁl)l Tk toberaﬂons include

further erator. jnter Ben CI al
eencisllt SRR 2RO Bh L, B Pl BT el B R e
desire i ptacé ionetheelAD modbeaendenirnar et Jﬂe gamatyemamfs exemplary

outli.er dwth ssing data in the point cloud
methf’ ?%%Se‘ﬁth& 1%S%g]PPeratt°g§47] According to an

odi mrent of the sound i ,nspectij on
ﬁﬂsﬁﬁ&ﬁp%nt borfoss thaf Sl BubrERRTS ot i BERLt PleRish Ha?been
desciifedGR Sig, cdnh:&t b% aifliyUuidtiassl mpﬁemmp&cﬁkl RY i ERGIEEWNI appreciate
des instryctions that when executed b

roduct 39 i
at [ GPacfaniim GF o LT R o ¢ e R TE BTGP AN sspecs therdot are

capable of being distributed in the form of a computer readable medium of instructions in a

variety of forms for execution on a processor, processors, or the like, and that the present
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causes the conmputer 35 to performthe operations of
executing an iterative closest point algorithmwth
wae b@Inwsed 101 as the source and the cloud of REE/ES2009/038309
(range sensor data) as the target. The output of this
mvelm%ﬂsa%{)he;s %g%f&%%ﬁ%@fe@&f tﬁl@ paﬂﬂl]la?@ge {f §%Balgr{eﬁt Iéé @%&za uhed to
actuadlyrcpisy puribietisteibutiumn dixamelds pbeanpetes erpdelde p;!@dlﬁtns:lwe but are not
[ t
it R rBERIRNE Horodd otk i WAE eteREyRE ARGl HEI oM co-
ROMsy 8@1HeDV@eR@MSv®r cérasgblst efsoiringllyalppgranithanle Terel only memories
(EE&Qﬁ\/Igt e%gtstiagl@)%g?é ﬂl%hltldﬂsﬁl]c]g)ég %I)f))?ﬁlsk?%ag ﬁ{sﬁltdnve% CD~R/RWS,
DVD—EIAMSQDV}%RR\ES fD‘ﬂB{’fRARQVsr ﬂasjedrs/en s0d otﬂtalt EVEs t}tpb&&of memories,
and Fanarafssi gn eed a su ﬁ ? gﬁ g f}g § ar St tiThz‘ gu_t%ut xampl
FPBmER ?’PSH‘& i T 3 i ond pslosrootnrlgpica GPerst i ‘Thsxampe,
- such mx&adta dandhaletle tobet ejerdting Migtridtng ampeRtdtionnineructibes related to the
ers f tr nstgr tion

aser PR e PR e b dt 8T P%Cg g methad sspuirgrives PAIS
005 PRI 3 ool FuBRUEY RERGF qoiere vt pry Fagarle

emba@limeaigbf the PrStntahvedtionhre tsbﬂic[mﬂﬁ koblitlto taﬂowaﬁgﬁm‘ﬁ@ﬂ $0Ekensor
and i

dat a entifies a se ints . in nge
@anggiﬁ@%fo %Ig'f’ggt“ﬁ% “ﬂﬁk?é”ﬁ?“g"?‘ap% a}?fi'tf"i"{t;?méf ieation, .3, without ad
hoc GREAMES PANELNQleh@yRGt dads FOInRI&st;Odhdt RRhdBARkigAdlbn (;Ifhaﬁ'eas of
secqgnd pass registers, the i dentified hi gh probabi

lity
corregpandences he- HRNiY didentifigationTale initial Rofgy ?ﬁ“’r"é@&ﬂfﬁcﬁg bwvs?ﬁ the

modd1R8d ARGY Bat@PBHALAIRRES 08 tﬁer}ﬁes&%m{tl&ﬂ Q«Hp@% ah Q%orlthm which is
transformidentified by the first pass with t

automgfigglly gurp on t the ngdsh andy sensprd defe i andl euhily pfcﬁié(’%e% Gl transform
repre@ér%ﬁg t}[eolgéﬁﬂratl\ﬁpcm tHﬁg mtot‘Ta tbjltﬁé %%%ta[)aﬁlﬁb&gﬁgntg Iaﬁth c present

Reposi ti oned . [0049] per haps st s
invertign medorng sugiy é*ﬁialaﬁfﬂ@ r@&astraﬁme naswitingeliftle gfore fkan| aeguisition of a

modéi!ahli 3S@NbEs %b??ﬁ&t bﬁ'lnﬁfa?%aﬂ@al ag)ﬂ#%f Aionk eof the model data

oper at 1 ons ef 1 nclude map ppl n
closegattipe¢astgciupasitian ovithorespeetso rthed@nw dsuaccbr e, vefrar Feulmdphmts of

the &E@Bt AN, &rgtnﬁg? Leb&t htﬂéztzg gé%%%a'é? : Eﬁd%plésﬂég at vgrﬂgt of the

rt pose to co
lteratmet crlamtnpccntsaigm'ahm deltish widvides reo GaBenolidie @ dtiveTdHb®st point

|l e roj.ectin he
s, B8 MEELRE o R 7 R eonR bl IR e
effectslosfuaxlsy @aihcompitte ednsor(datt shovvn). The operations
i ncl ude generating a new i nstance of the nodel in the

[eosﬁc”ﬁme a;ﬁprbncatemensyrebateti rradofi Brovivsimga Pdwent ugplicadiesi Nes!2tX92,016,

oo 7P ot SIS A PR g B e

Thrembﬁhatsleﬁmis MO 0] Poitit Datal Rfg@ésetnis the Pakeoft hataryWhiahe U.S.

ProviRBes PHEY RRIAETE O I 15 Flor Sforlindes SIEH o ¢ syem.
ProgiahoBredsd| dnll eRtldtdt Mbhodd for RekikteARPTRGE-BliBensional Models to Point

Data Representing the Pose of a Part," each incorporated herein by reference in its entirety.

[0053] In the drawings and specification, there have been disclosed a typical preferred
embodiment of the invention, and although specific terms are employed, the terms are used in

a descriptive sense only and not for purposes of limitation. The invention has been described
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that the mechani sm of at |east portions of the present
i nvention and/ or aspects thereof are capable of being
waelk@pnedduwt ed in the formof a conputer readabl BCTESI009938309
of instructions in a variety of fornms for execution on
in odhsREAGRRROTL wRN QREARARrerdl td ﬁ%sé 18iro1 AN EnBdaBhertd1re wil be
presentinvention applies equa regardl ess o
apparsak, ﬂ)pwavea,rthatwpeowm@h@wgbnmémhmgemmiul@ roggle dvithin the spirit and
l; [ a .
scop@SF Ha nll%nﬁ&[ 5 e Hbeli g?thg @k?él@%g%:ggmatﬁ?ﬁ. rﬁ?)tr %i?almgél?, et%phmques

mput er rea Ierre la 1 nc are no

emplpmed aendalgatol V@!OUhambeddeetd of e presdit dnention as beaskd for a
variegwhfy nﬁ@%hﬁ et(vr ca(% ectlog,bsfnla %engqu dvr%?{l%%?iplgahon

applicERERRONEN, utiliee tasdaﬂ[rlnelattey,pm both diethodluiohican dehaptpyinsgedios data.

Acoctber i Xle 8 mg ot 0 e el Y e e mbodiments

ofmapmmmme&mn@ndoﬁwah$mm3$pmmn&mpe medi a such as digital
and anal og communi cation |inks. For exanple, such
nmedi a can include both operating instructions and
operations instructions related to the |aser
ul trasound i nspection program product 39 and the
met hod steps, described above. [0051] Enbodi nents of
the present invention include several advantages. For
exanpl e, enbodi ments of the present invention are
sufficiently robust to allow registration of sensor
(range) data to a nodel using noisy sensor data, as
is, wWthout nodification, e.g., wthout ad hoc
filtering; without identifying areas of interest; and
wi t hout designation of areas of correspondence, i.e.,
manual identification of initial point correspondences
bet ween t he nodel and range data. Enbodi nents of the
present invention enploy an algorithmwhich is
automatically run on the nodel and sensor data and
whi ch produces a final transformrepresenting the
registration of the nodel to the sensor data.
Enbodi nents of the present invention perform such
automated registration requiring little nore than
acqui sition of a nodel and a set of sensor data, and
initial manual graphical positioning of the nodel data
close to the correct position with respect to the
sensor data, or vice versa. Enbodi nents of the present
invention performthe automatic registration by
enpl oying a variant of the iterative closest point
al gorithm whi ch provides two passes of the iterative
cl osest point algorithm swapping the source and the
target on the second pass, and thereby hel p negate the
effects of noisy or inconplete sensor data. [0052]
This application is related to U. S. Provisional Patent
Application No. 12/202,016, filed August 29, 2008,
titled "System Program Product, and Rel ated Mt hods
for Registering Three-Di nensi onal Mddels to Point Data
Representing the Pose of a Part,"” and U S.
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Provi si onal Patent Application No. 61/040, 415, filed
March 28, 2008, titled "System Program Product, and

woloanz813vet hods for Registering Three-Di rrensiEmHU82009/03s309
Model s to Point Data Representing the Pose of a Part,

each incorporated hﬁ’gﬁﬁ;ﬁg Iﬂﬁfﬁ &nece inits enti rety

[0053] In the draw speC| I'cation, there have

been d scl.gse f rre enbo

oS otlenn AR Br iRl GRouRll GrkfufRbnel TRhe Phitifon for
nondeqi@ictiar svaluaien mﬁze;ﬁzrﬂ (A3 )erepetety paitiovshis eitkia aﬂﬂhspeaimd calb(49),

oses,of limt The i.nvent.i o

the Séf%‘%“c"rddhﬁ&?‘ﬁpr&“ﬂ}%? TS ff%soa%cl inspecipy e%’B%E%lS a&“:'d a pa"‘ position
locatbe3 8y, Q“I&Q;?stﬁﬁ (Idjesmg bhdratsdrrzed Bd en‘ogd:c ments. It vvndl | be

ap e oweyv.e t varlous noal |cat|on n .

rfgﬁ[j‘é “ylizasoynd W&%ﬂ% HFH G hRavis asepnnigde %gﬁdgma’rudm‘e
I nvent ixan@ssoie sehicOgsh)i o éeh&alfeotﬁ@ﬁ@hlﬁgiuﬁﬁ&cﬂfﬁ;ﬂ&‘@mte@t@ in a
For exanple, techni ques enp W‘fé@g accor.di ng to, varjous
|

eﬂﬁ@ﬁ?e%ﬁ’tﬁ%‘%ﬁfd ReFd4mesidipned; ¢ prgroleingd pwectiongel §19).9

vari et yn@fspAeBHestr (9ot hae eval uation, shape
i nspection, and gener al navi gation/ nani pul ati on

appl i cani Biesterameies (38} it9 |92B60F abare, medHateddight reffecisdt by the
”%Hx%@ﬂj ﬁﬂlti%ﬁec; &rﬁ@@fﬁlﬁ‘ﬁﬁ sbdﬁ%&?%'tﬁ’@m%&@on laser (55), the phase-
Accordi'n , those s hé art recogni ze
appbdudat llgittymﬁﬂi@ftﬂeb}vmqLé@@%ﬁﬁ@d‘fﬂmtpéacemertth@ the remotely
[ of applications. THAT

CLI%?%%ESC! ]%\ﬁifﬁ) tg\gmtvgie%m\s %’%ﬂgﬁwta per f or m aut omat ed

t hthe gart] ppsativgy locridr (B%ﬂg)@mpegi tgtm(asurgn distemce between a plurality of
pointggc{ék??tsltgésgb%& \éﬁtffc\}éa&f%% 'r%otglg C]?)Sﬁ) Bhdd ﬁ}‘?’zﬁgea% el:c%nnmg laser
refersxy;stlmatl@rs @Ghe Waomaptyi o |png1tsecollia<sterelyub;trcasmngdmaempadqiosemf the at
least 0)1?% t%ur?ac% gé%heg{élflﬂtgel ailrtlgg %Sr ha Z@g) %Q%a]%qn%ztxoggdg ‘)vithln hhe inspection
cell (405 efe-pahtpbﬁﬁcmwnehwn'(spemludjmg device (31) having a

scanni ng_hea 61) ding: an.ultrasonjc sou .

(53t & ganiEper P s 0 Pl ARERL R g Seying the

r Qﬁfﬁ-dé}{:cyidaﬁdz&jntasﬂﬁﬁ%dﬁwréwalfhﬁ@ positioned within a

pre-defined i nspection ce an inspection

(55), &hifFagons Neeripg P’d‘ﬁ‘é’t%’?‘t‘%’%‘g“’ fget die CE’E{’al ﬁﬂlgg%ﬁong the at

NMOjelaH aﬁesﬂarfad;egmhmﬁlb@c}t;ﬁﬁmbueotﬂm @pn@idgel y positi oned

part (43) during, scanni n% the i nspection I%
(55), t%é’pﬂf'\aﬁ%ﬁﬂﬂm I3 Bef Sﬁ“@‘HO Tyerd(R & %Cée éh* provided by

ul thE 3SPRINE 16 {%?ﬁqdjﬂeﬂéﬂtépﬁtﬂﬁ RieSati1Ehst HIR @ﬁﬁ@@tﬂe art (43) to
positione 43 provi de i nspection data; {)

pa
paﬁh?rebvoéﬁt%mw thegisiebie bereen palvalitoperpinthomibs stiesst gne surface

di StRNGH: @?}mm s%armmg@éenaferaa‘cemwlﬁ on at |east one
surface the renmotely positioned part (43) and a

scardehgliraewnd frepestien cempaieat(Ponin chamypigptn pythothe laser-
ultraﬁﬁh{l‘hﬁp{cﬁbh 8GLdevs S)V P éﬁgtﬁa%é LB‘;on@atBEE@?}J Eﬁcﬁln&‘a&l‘ﬁ Qf rocessor

east one e renotely pOSItIO
(113padtm¢ra@y (e im qeowitnicoierdwith thaiprocesser (Ihdparst i on
laser ultrasound inspection program product (39) stored in the memory (111) of the
laser ultrasound inspection computer (35) and including instructions, that when executed by
the processor (113) of the laser ultrasound inspection computer (35), cause the computer (35)

to perform the operations of?
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cell (49), the part position |ocator (33) including: a

scanning laser (91) positioned to provide an opti cal
waowpazsand having the reference | ocati on assoRCEUSH09/038309

therewith, at |east one scanning mrror positioned to

oL et AR Ty ;S uEeR B phne 23 St gpmotely

ogidsmahecnﬁete{n:%oer (93) positioned to receive reflected

| aser ovi.ded e, scanni.h

ot eorthne Y e e WOt oBEr O P e G udl gl ghig Fifesenting

(45bint§ On tt}hbesitelbast ded arrfichof tiRacfibslyapsioned Y& M3 when in the
Iurallé olnts on .t he atg%g st one surface of the

paPEaspis ¥Ossrw thibe BepssPher!l GQdetipioe L8R €821 8 at i on;

| aser Whikhias eheNGirdetHROGIdNANMEMTIUG BT of (t1BS Yerhdlely posmoned part
conmuni cation with the |aserultrasound inspection

de(\‘}?bt@ thengasyisd Pe3s @t PaPprt (9 MtithByihe Beractien <(0§:{j19) ﬁlﬁ&peraﬁon

| neHlaHghlingindluBimecessor ( 113) and nenory ( 111) in
conmuni cation with the processor ( 113); and | aser

ul trasound PPIEpERE DrFgisHaEeh the Buercdimentgnabmedel (191 to the
the ”e@{g% dgta]h;lc]ﬂldlﬁg 1d5&ﬁy:h§§ &t ot #35?21@919 Hféqaﬁ Sﬁﬁ%bﬁg a high

comput er i'ncl udi ng instructions,
execut eveiob@yllrsbh@f Wr@a@géi@g t<( agtuad powts arhike Iﬂa's@ﬂlmenswnal model

ul t rasczm? gspection conputer (35), cause the
comput er A'g) to performthe operations of:receiving

nodel data peforaitghs eeidiatiensf dealentifidelset( dofdintefin theerange
I
ng?: Ie é% q%gfg a%n%?fr%%)on&e%a proP lgxgx\f(# H'Jg [{H‘%Q mrﬁetﬁg’zoga&frn;odel

repr eséb@liyng points on the at | east one surface of the
renotely positioned part (43) when in the neasured
pose within the inspection cell (49) defining range
data, and aligning the three-di nensional nodel (101)

2, ofﬂkhﬁﬁmBWEB@B9dbméht€bhmd part (43) to the neasured

po\%ﬁergm tl%er})%e ﬁ&i f&lﬁﬁ?'e)r kaude e 9 Qrgtici)ﬂqéfpa%gotcigan%‘gﬁ!}éreé é?ﬁection
peratiron nclhudi ng: perfornrng a
data r{elgo sthaf ghieodinodnsivhd hioﬁ&le(l@ﬂ}rmnsth@nak‘t poteko (pi®de teohanced

. the. range .dat cﬁudl ng identifying a set of points
i BT @it S5k 2 hi gh pr obabi 11y of
C oKkie@sip ahel isyxgent Q3(BCTS Lfﬁhh@&ihﬁﬁaﬁteﬁzedtlf}ea database (45) containing a
hree-di nensi %Jg ( B]% erformn
Pl RG] Sigd TG i Tete €T BRBOP AL Moy of pars
of infePd3Q@3 Y] ahidathani di@ nebddl @h) ¢ralid ieseonaent e4gr obabi lity to
t he three-di nensional nodel
3. The system (30) as defined in either of Claims 1 or 2, wherein the operation of
performing a registration of the three-dimensional model (101) to the range data includes:
utilizing data points on the three-dimensional model (101) of the remotely positioned
part (43) defining model data as a source and the range data as a target; and
determining the set of points in the range data having a high probability of
corresponding to actual points on the three-dimensional model (101) and a transformation

therebetween.
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(101). 2 . The system (30) as defined in Caima1l,
wherein the operations further include the operation
wW®20098%8t3 ati ng gat hered i nspecti on data ont o BEEUS2009/038309
three di mensi onal nDdeI (101) at the part pose to
V|d VISU lization of the inspection data;

§?§2ﬂﬁ %Fb %) is further characterized

bywl&:rdﬂtmbﬁﬁﬁoﬁr{hﬁ)}n Gafirat tfahﬂgrx@uph unpdnidt y of
ut.er - ai ded des J far ea

corheEp et Rty Hiihs vﬂgﬁe 5%5 g&hlgfhvrsﬁ&w@?gsfresmmg

to acﬁlal giastonahe tHivd@endoial ﬁfodél"(@ﬂ])ﬂﬁnﬂ&ié&la%t 6Ebdmté 49}he range
he system (30) as. defined in ejther 1 or

data Zhatvﬁﬁ%r‘-‘&SFﬁtttﬁec%’iﬁé?O&f’WBrP"é‘f“ ;s*érth%ﬁlﬁ%gmaenw%ﬁi Sppdet (AN as
calcﬂtedﬁ%ﬁagtalﬁﬁt%&tldé oB&Rsi RARkigo®al. (101) to the range data

i ncludes: utilizing data points on the

t hree- di nensi onal nodel (101) of the renotely

5. poﬁie sk&@tﬁ C\‘?a(ﬂ%. tdeiﬁlﬂa@)m giefel BF OQiOAGH 4, ddeRiPSie @raﬁ‘é?éiﬁﬁﬁon isa

e range data as a target; and determning t
first é@ﬂsf@mm@@il 1$ and whrsein dhg @peration ﬁéwﬁmnmuagwglstration of the

identfifc808PLE biMisOh 160k ngﬁg@ﬂ?ifg%taoﬁg%d@ésgn ALSprBatlifif to the

. nsi ona atr on
threethmrsierlveede! 401 Mneludssst em (30) as defined in daim 3,

\mtﬁflf?zin tlzilé}ﬁer}t{f' 3l ?{% ¥ gﬁ%ﬂs (ﬂ?thb ?an%% Eétﬁ 2l %1 u?d%sd%? Qﬂzgﬁéagpdata as

I'n the rang
ﬂwt&g&;m@ a hlgh probability of cor respondi ng to act ual

po eter in ‘Eﬁ n{%gond%as opréa%rq%gha?%}eﬁﬁegﬁl (101) includes a

e range are closest to
correspondlng p0|nts in the three-di nensi onal node

s cal.cul d us i.terative cl.osest
6. & iR BLF B R Eg 5 S 50 MBIl SoaffifR ST e pptudes
detetﬁnﬁhg’l&t SonfosHlion \/ﬁﬁ&helﬂgst&t;]@sﬂofm&ﬁdr Mmahd @n mﬁer&f 6f H®t second
ans tion T an erei.n the operatjon ) X
s Ao EAeh e PR PR Fao it e, Bfeegimensional
nmdadlmmsfmephhgsgange data having a high correspondence

probability to the three-di nensional nodel (101)
includes: utilizing the identified set of points in

7.t h?ner SRE6 AN s aRfiRed MUCHEN ) dvifehn MRARgisHAl @tsukhemotely

tar and determning a se econd transformatio

posiiced BH5LUABEH 15 (rForAISHS OEHTOUE (160 A BTIPRE gD et fobust

matcﬁ'md@gs{d%htrbftb'aﬁx PSSRk OBr Al | lrgt'ﬂb Rehgk Q6th WA Shissing data in the
determning a conposition of the first transformation

rangdfiatand an i nverse of the second

8. The system (30) as defined in either of Claims 6 or 7, wherein the operations further
comprise mapping the inspection data into the three-dimensional model (101) of the part (43)
at the part pose responsive to registration of the remotely positioned part (43) to the three-

dimensional model (101) of the part (43).

9. The system (30) as defined in any of Claims 6-8, wherein the operation of aligning the
three-dimensional model (101) of the remotely positioned part (43) to the measured pose of
the part (43) within the inspection cell (49) is performed without pre-filtering the range data

to remove outliers or a pre-accounting for missing data.
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transformation T2 to register the renotely positioned
part (43) with the three-di nensi onal nodel (101) of
wWQ bwopzo8t3 (43). 7. The system (30) as defi ned PCI/TS20091938309
6, wherein the registration of the renotely positioned
part (43) with the three-di nensional nodel (101) of
the part (43) provides a robust match i ndependent of
10. boThe aystedX i(30)eacaefmbd dutany esfsClaling b@, rargin dat Bsandtrasound
. 1.SSi.n [ he ran . Th m
insogRP OGPl Hi oG oRR gt o B e EPE P £ Fanhink N 61
havifiPe ki fRlefrdés dT€fcedopipr i se mappi ng the inspection
data into the three-di nensi onal nodel (101) of the
part (43) at the part pose responsive to registration

11. of ploB@mr memice(30 ? B@ﬁpﬁﬂ;@ﬁ&n&ﬂbﬁs dékdd it Htaby 1@1&: computer medium
t hr eedi nensi onal nodel 8101 of the Fart . The

that ghen gxsPtEd)byad cQBPIIRE I ncass hsf corpiche3D- 1, pmrﬂeqmratms

mc!utdl'hg 1P AR Bf ﬁfzeiallnF HYdO U atal¥8r § IFREtAEARIRI &lﬂé’éi (ﬂﬁﬂ@f a part
of the renptely positioned part (43) to

(43), ﬁ%@?f@ﬁnm@ féfth‘tfﬁhaf&é‘?ftm@ h®) within the i nspect i on
¢ ellel:ex&lﬂg Math Se \}g en RFh bR Iapiétdst R wihidct OF 'tl{é%agkﬁﬂ RRGEin a

data to reno lers or pre accountlng
measyreslioprgwiflzin an gpectiprecall/(dPedelipoyargs deefanded i n any of

d QI ?l’é@? hré@ﬂg&glkgibntd 1%0!:1(93 l(ﬁ’ Me U(?% ﬂoqg@&%{i@% pose of

devi©c art |on l"oca
the mﬁMﬁde om‘:raiios@amlngnmg mcéacting 61) having at |east five

degr eei)e%réaﬁg %drg‘%%tra}x%n ol? ]%g{h%@d%lgn%tﬁ%gi Iglg‘]‘?f)l ( 101|)r60 the range

conpri
rre@htaum:mhmg 1dmhefyn@mu¢fqmdwmahmmﬂa&rha@&§)a h1g}auslmb1hty of

the co ter erati di t he
o nErBTBEho iR pyRs R s AR SR Mok b Hand0
t hr ee- q:ieffeﬁmr@maiegfmﬁt&in ¢fLtht)ideftifiad peir bf pdidls, intthe range data
perati beln furthe ara i zed by: recei.Vi
o e PR SRET a6t Ao S 4f fr Bred Sopepions) Figal b0
the part (43) when in a neasured pose within an
ectlon 9 .range data; and aligning
12' M?%@m&Wﬁgﬂgﬁéﬁéﬂ gTB%} of the part (43) to
t hﬁhé?&ﬁ%h&@@raﬁ@z&@f aﬂfgnin@ @urﬂ@f Inc(uﬂé’@detdnhﬁmigﬂiﬁéo%po@iﬂo@f)f a first
alig nlnf i ncluding: performng a registratjon. of

transfigypggiony haﬂw%h%ata Pﬁi‘@é Pn theghpednengiand! aige! dRLeet the| part (43)

deﬁﬂ;ﬁgcm@éz RGtal ééeengdufcwaﬁg % ﬁﬁ% ¢ @fta RO BdrSet dhdl RENVGRISK a second
data having a high probabiTity of cofrespondin

transfrmgtien b ibRtrsen e 58 of privfs tetheeRageottia hardrget b %mbabihty of
corréﬂ&hdnﬁg% %mmu@s &ﬁgé AR PsiHal Bq'aéell(ﬁﬁﬁtzbfrégf?ﬁer%ﬁé & (43)

points in the range data havin hi gh correspondence

thh@hﬁb@mdhmwfon@i npqdlel (1 Ab)end thi peen )omil nodel (101).

wherein the operations are further characterized by the operation of associating
gathered inspection data onto the three-dimensional model (101} at the part pose to provide

enhanced visualization of the inspection data.

13.  The program product (39} as defined in either of Claims 11 or 12,
wherein the operation of performing a registration of the three-dimensional model
(101) to the range data includes utilizing data points on the three-dimensional model (101) of

the part (43) defining model data as a source and the range data as a target, and determining
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12. The program product (39) as defined in Caim 115

wherein the operation of aligning further includes
walzaoenznsni ng a conposition of a first transforP@Ek/Us00%38309

bet ween dat a points on the three-di mensional node

43) def.i dat a sour

the Sl TRHES gt g i o taiR S atrfinDufie RO Foims
on tikaReadintdnsiosd] @fodal (L oY) ahda hentsf@ﬁl@u@meﬁ@atweén pai nts in

the range dat having a hish grobabh L ¥

COWP"é’g’ﬁg]i‘Fd?eﬁﬁ %nt.va&tggranﬁﬁ afp havinge ¢ high p obabllity of corresponding
to adukdl &m@ loesthRBAmERRBRA ntcbRIL)101)ta8e & &4 bShEits mae mg& data that

43 with the three-di nensional nodel 1013 of
are glesett t¢ agyespeidinammereinhe Hucoparationghaods d1¢1) ap ﬁ@?ﬂlated using

an itERATAGIREpeRdalByithAe operation of associating gathered
I nspection data onto the three-di nensional nodel (101)
at the part pose to provide enhanced visualization of
th t T 1£ﬁqgran1product (39) as
4. d ?Ellénlgggl%ﬁl ﬂé%cg(?b)g? déﬁgﬁdrrg% 12, wherein the
opehervindhe tefnsfoendtisnris m’grsatra‘cré@qr@@troatﬂfi@n of the
t h(vﬁcer ﬂ' tﬁrepéb%ka%ﬁ‘ lof g%ﬁ)%lnm J&%%IS‘J'BQOL Bﬁth'é GG dPLRof points in the
i ncludes u I'Zing data poin
rangt e cadingenglo nerdrespordiehce(rotapilioy ta the tkyap-ﬁin@amgl)mai model (101)
{
mcilﬂi%{ {é{lg , giglﬁ dtget%esr%tm oﬂ’lt{’ ﬁgﬁeg %Pgep?at& {0‘?1% ecll’l(? ﬂ'xte%(?d%l data
asuﬁangaﬂﬁmkmmhmmmggsaxmdghn$bnmmmnTlﬂwwbﬂm@mnrespond|ng

t t d
andirere by SR oot Re G VLR S g B G blyr e
first Qfanﬁ&in’ﬂﬂzﬁn m stnlflemramg& clatha sévand ngnsdorimiaddn 2 ab adyidtérttie part

(QQWH@é rrﬁﬁgﬁgdln ‘%21%3T5¥§|§$§ﬂgpgt eof points in

t hehéRA0Re df{bbl&tlélﬁa&re F0khed | DSAGErIAQ lﬁzofhé Qﬁ)ﬁﬁ.ﬂdﬂl Y mapping the

points in the three-di nen 1
insplRaiop i B 67 gearimenap veiet L0t BoiHE ARgoEmoRsive ©
reglslt‘litlor;r S‘ﬁh@ﬁa‘m@@}%%@tﬂ%@dlrﬁé’!@onﬁﬁmﬂﬁf 108 fitke faktaiam 13,

wherein the transformation is a first transformation
Tl; wherein the operation of performing a registration

15. Of TB@&OEQWerdC?Q9§§stdeﬁf'1ecpi9'O’l‘én% ian the r ange dat a
havi ng a high correspondence probablllt

to
t hieere thwgas@mn ofrdrggtart (4D yithy th@:liheme@mmﬁfqrnakmﬁ@el {19d) of the
part (Qg%ﬁh&é@d& st %atcﬁloilnﬁ]&t,p%ndeﬂt L6oih 3R gﬁs@%eaomﬂ@rssmﬁ& Gange

data as the target, and determning a
dmﬂgééawﬁmgﬂaﬁsm6$Wﬁ8ﬁdﬁam@dtherebetmeen wherein the

S :
5B Bl AR IR PGS 5PN U o o
to themvessisel pifse phide 9@@ Gh3d withiarikd insprationove! 1 1) tioperéagined without pre-

ﬁlte%ile?ge EhE?arnt e (i%“tg’ 0 r§ ope 5u ﬁﬁ\ﬁ/\%}glr eﬁ q %ﬁﬁ‘tﬂ{ %xaxltmsgiﬂg ﬁllta.( 101)
0 e gar 5“ erations are
further characterlzed by the operation of napping the
16. A method of performing automated three-dimensional image registration of a part
(43) remotely positionable within an inspection cell (49}, the method being characterized by
the steps oft
determining a location of a plurality of points on at least one surface of a part (43) to

be inspected when positioned within the inspection cell (49) defining range data;
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i nspection data into the three-di nensi onal nodel (101)
at the part pose responsive to registration of the
W@2000/12088) to t he three-di nensi onal nodel (101pCDTS10hE038309
part (43). 15. The program product (39) as defined in
A qhdm
A acllifhg %@%ﬁs il ﬁg?% ﬁgéesaa&a?ﬁzﬁv&? 20 M}ﬁba%ﬁrtg; oﬁ&%)espondmg
to dqtz, Bpinsroma tblr@%danqn@m@tmqﬁak @nl )Md@p@ﬁ ﬁfé?ﬁtto lxf ma}mthd,an
exi 0 I r a n
GacaefRifich Bl oo 1P [0AG B 2l Dol S threc-
dimaltsnogln] medel K1) hmds@e détrrd psintsria thermonigs) da(all&mz jngof high propahility of
t ) within the
corrgﬁ’@%hﬁoo%&ggﬁ%%ﬁ‘g&'e%gg%%lr géllr;rhea%\%\nd% 3 prefiltering
t hdeteomigmg dateeortdoransfrouaioo LIE?J batweenahe setpuf pomtCinlh¢ range data

faor m,ssi ut omat ed
navpRyed Qe PioBR S ico g E Rt Eie B op AhC i fp R hodel
(1or)anmtmldytamomtst0nahamk@ dAméri'sidinalaﬁodehSpe};tl on cell (49),

t he nmet.hod being.charact rlze st.eps .of :

o CEPTRTANE g PO BN aRarPD g | SHO R Ryetse gf tgsecond

tranbteﬂﬁdtzoﬁrla Buhdragealh the fagd difrddioraDmgeli (NSPetEthe WAR43) at

posi t |cgned within the inspection cell (49) defining
pa”rpélﬁ’gén ata;identifying a set of points in the range

datgobiaiig GatiRerbli gia% QREiOP akh lontoythe e QUMRBROR inhdiel £101) at the
data points on a three-dinensional model (101) of the

paripasg to (PZEE’)deteBh%’é94 Yi§%@é§*@6 of the inspertian H@ta a first
transformati on Tl between the data points on the
t hr eedi nensi onal nodel (101# and the set of points in

17. t hdhe aedaadafinedun fépin 16 wherpin dhaatien oftigengifying a set of points in
the G, CERPMHN NG o RighCHHRbIRP! IH SrRbohliRe to dat -
¢ rgge di rnenlsﬁ‘gonaEg nItS) 9:1 1&% rdgebt()er mgntlonga%pgiélgsoﬂra a three
dlmﬁrrsamsif w1 Wn off the b?@tt\/(/é@rfo tbh @Sﬁgﬁedomclp@srthcs ste of #egermining a
r
o GEMSRCH BEA%E DR PLAOREL LGl Y 850D e
dimemrstbngheodta( 181 pasi cpleslated uslhgan heratévedilavest poiohalgoritindel
(101); determning a conposition of the first
transformation Tl with an inverse of the second
18. t r dihs hrathreltas definkd it eithdnef €bwmall 6 gn1T,venerein the aligning provides a

r nal (A01) e Wit h 1 43). at_.
robs A BT T el el O Al Bk ol Plgine e

in tlentgetdag. t hr ee- di mensi onal m)del (101) at the part
pose to provide enhanced vi sualization of the
i nspection data. 17. The nethod as defined in Caim

19. 16 Tthiﬁidrhstdaﬁnai i%th@fofI(Hﬁﬂltsl 16y1gn @fh&eﬁaethe QlepPOf Mt&miting a

t he r.an a havin h probabil | of
firstc §F1508 ?th} t% SErap t&&ﬁ%ﬁ@ﬂ*@ﬁ 18 b elipprsitionapt the first

tranBRE@dtioh mjahd vetsbof dlsbcohd BhnsimBgor TS BRGE pHdred WHBSut pre-
the step of determ

nin
filtering the range data to remove ogthers or a pre-accounting for missing data, without
identifying a set of points on the part (43) to manually register, and without manually
selecting specific points in the three-dimensional model (101) having correspondence with

specific points in the data.
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set of points in the range data that are closest to
correspondi ng points in the threedi nensi onal nodel

W@ 10126883 cal cul ated using an iterative cl 0seseCPUSID9/038309
al gorithm 18. The nmethod as defined in either of

20. 9 & MRl @ ei'f&aré \‘}g %gt%lnqteh Wﬁrg@'dhm%ﬁk%ﬂa Hé}%éé ?e%?str ion of a part

robust matcH
(43)ommbiebr WSIEWnaHieMthmgm idpecticarnd!! 93 sthe gethat! deing chirecterized by
the%t%ﬂ%g' data. 19. The nethod as defined in any of C ains
, wherein the steps of determining a first
t r amfvmgmad:debdati for aahrseedimdsmlraamﬂﬁl(ﬁﬂt) pbthe paf (48hd a
Qs ti tra n Tl. and
R, Frrdick ol POA Pt B Ol Shén o
measm’edhpm withéf the frepdcrion telig49)ake@eing 2inge igaramtove outliers

I dé‘ﬁgl o aéﬁ%ggt I ng?“agd?ﬁﬁgagﬁg?ﬁgt \{A&% ) &) lﬁﬁbtna)eau“ﬂ,lrtad pose of

the panUa), k:}y: dpegiist efaligaing inoludhgut manual ly selecting
specific points in, the tht{]ﬁe di mensi gnal node

havi ng BOI@ESoh HERERIRN ¢ihthe daes- Wnﬁa?wgodﬁh(ipﬁoem the range

datdaa2ebiudhBEMTEnSh sRF pORTiNdie MHp0 0RE Bbkving a hlgh probab;llty of
t hr ee- di nensi onal 1 mage reﬁwstratlon of a part

r e SBF PO erYARgineS o) tha e gimprsigrabinpdsh ¢ ) |an? 49)

the neth &ﬂ)rﬁiﬁigng r@%lﬁfaﬂ@ﬁ %?'tﬁeeﬂiei%{ﬁédh&t & %ﬁlt@fm the range data
recei vi ng nodel for a three-di nensi onal nodel

(1bayinge tghéorﬁ%sp@nd@n@)pmbabé@r K@.thﬁgthtﬁatdamr@mnélsr@@ﬁei a8
poi nts on at |east one surface of a part (43) when in
a neasured pose within the inspection cell (49)
21. defi sbwmpuicamgdatdatragdivan dhail isgieadeglet hie a computer (35) to perform

autdn¥i8ndl ARASLAN llmﬁ%q%‘%lstga}l?iég epf) rﬁ@g)é ‘Pr?erc ﬂé) re %@abienﬁedlum

measur ed pose o erati on 0
comgrisiggiangeti ofcingtdictigns et.f whan epcated ehgl Siermnwter dB5) weuse the

comﬁaﬁ%ﬁ E%ﬂ g%g'e%? %:an%dc%leragigﬁ% ? ]{:fugmé ceqvah% ttr}%)galt aﬁa éor a three-

a set o
dimdza;ﬁcmaaha«rdemgl{)a) b tgdwpam(ebhmeloptmtmfs beinp mmmmuhemgy t 0

t ual t the thr dj I
it DR g ebibS 8 TR R aBgEit s pit Pk iy n o
meqsmbdhb&e iwithirhen ingpegriondall gdohdstinig: @ndd dyfa; aad r espondence
N EBeta e gl oT GRS o1 B¢ puBBES o gydgsured pose of
the wm]aﬁlj, €fe opajion @*dixgﬁfg@mmtﬂuigonat ed : Er ee- di nensi onal
i mage registration of a par o)
r eagabl 2 %’&gqﬁn‘? ESHRI pigthg thrgs- &W“?’ﬁ%‘aﬁ r"%f’{ g‘ﬁ%) fonhe range

WN @Bt et ey ihH & s N PoihBin £hd Pange Gk B&iANLHIGR FRIBERTity of
(35) to performvarious operations_includi nl%)lr ecei vi ng

no&@ﬂresag&dén&tsracfaaltw%% the hgsegrmensipsgbmogel 6)).¢pd t ne
part (43drforkily PREHAKIONDT IR RBnGRR 8% 102 JohRE iPYhe range data

having a high correspondence probability to the three-dimensional model (101).

22.  The computer readable medium as defined in Claim 21,

wherein the operation of aligning further includes determining a composition of a first
transformation T1 between data points on the three-dimensional model (101) of the part (43)
defining model data as a source and the range data as a target, and an inverse of a second

transformation between the set of points in the range data having a high probability of
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recei ving data representing points on at |east one

surface of a part (43) when in a neasured pose within
waeoovnmsexti on cell (49) defining range data; BEIHUS2009/038309

aligning the three-di nensional nodel (101) of the part

com(e dﬁqg (t)(%] m?a'frﬁ?ﬁféroﬁ%eoﬂﬁa@ d%ﬁﬁsﬁﬁal%&el §1‘6?9 o k@ﬁter the part (43)

oper at ning 1 ncludin per 0]

with @gﬂyt:q-@meaﬁow mpﬁfé (tHp ebthepare S ondl model ( 101) to
th | e . NOI . .
A0S kL4000, IO DIy LA o
gaﬂ@mdrlesmmmu cha@ engo awtthlab~dpmnmosaiomdeh@01) at the part pose to provide

ree-di 01), and performng a
enh%%&?gs‘?éazgl on ?@tlﬂ%gagmd%fl ed set of points in the

range data having a hlgh correspondence probability to
th t hr ee- The, conput er
2. oo BRI L S AT ReRind Btlher s S ci iRl 8TR  he
opeviatdio Itheoaﬁpe&itllog roif I’pgrﬁf)mmﬁg‘l arregistedtionle$ tictetheserdimeimtpnal model

ositio t ransf.or mat.i Tl.. bet we d
(10 IP RS Breahorfucs ubBima T BHEF SRutedPred virisroiralogel o) of
the pat (43§ 48)nigehmbid] rdgtam@ deburtkairl 186 rangs Atk 6€a aight tE determining
range data as a tar and . an inyverse of a second
the et é’g BeigE i thedppas &p ‘ﬁ“’g A&IEhdY Ol??g“%? eFRONEIAE tG 2pkipd points

on tHéathfeciimbmMgonal Mbad (1N phak tkangﬁén@aftféﬁ ikeRsHeanRdh;N@dt O
actual points on the three-di nensional nodel (101), to

r edfhStedt the el Phapints(in g)e rwwatwvm@éégwrﬁ@%h% ﬁévomspondmg
to abRE8JoirkslEhlthe ﬁi‘reé&iﬁ]eﬁ’ﬁéﬂai 3 (10@5‘%%@{ (ﬁ‘p@ttﬁ&hﬁ the range data that

operations are further characteri zed y he operatlon
are gloses5 WFROMEIHOA NG ReRBHR thei thprdipensiendl dredebd0d) gsrralculated using

an,gﬂt@gcggé@%@h&%ﬂﬁpdel (101) at the part pose to
provi de enhanced visualization of the inspection data.

23. The conputer readable nediumas defined in either

24, 0f utgr éacﬁ%le%dzdwgc%hpe& Emﬁ%at' on of

per orm g a registration o reé- di mensi onal
o dglerefiB g praporaion wadestdavdoimgbudies utilizing data

pOI ?ei'gglll E?E%Ia 1o n&%e%ﬁ@%ﬁ ?eg?s ral%?ldo%lthe( 1%19&%16% s?t ol? Somts in the

par a sourceé an
rangeadgpe hM@a agha:orrasp@ede;nc@pubbaiﬁh@rtmthﬂ tlgeet-dlmessaﬂnabfnodel (101)
mcl@%@sru%lg%lg% cile 183@21@% s d? Pom‘% Imn {hg g%n%e {élﬁlgl?as rsgutg'gebalmd t}lé/ model data
as thdmeet, dndmamém:ag a m:dei tre@ii@ﬂrinat@n d2ahdret@nedeny mat | on

t her,ebet e sqt of o ints in

r angE g i Iy *ﬁﬂfﬁﬂaﬁ R4 1ep e flmewﬁrae%owﬁaﬁ% of the

first @arﬁﬁirmaionpm Bl 10 thveRe of ﬁfeeaecdiﬂd nemsfoanaion MO re§id@dhe part

are set Qints i nge a that are cl osest
(43}‘6“12:@??}3%8‘%? “& ﬁ?r]ef; (ﬂﬁ fﬁs%?lﬁgﬁgi» aﬁ%’nensi onal nodel

( 1Qdhereas tgAbgdtahe dreUfithG @fardctefibal by el bRS/Rh FOMMping the

al gorithm 24. The conputer readabl e nedi um as defineg
inspeptiqn 43t 19@ the three-dimensional model (101) at the part pose responsive to

registration of the part (43) to the three-dimensional model (101) of the part (43).

25.  The computer readable medium as defined in Claim 24,
wherein the registration of the part (43) with the three-dimensional model (101) of the
part (43) provides a robust match independent of both an existence of outliers in the range

data and missing data in the range data; and
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wherein the transformation is a first transformation

TI; wherein the operation of performng a registration
w@toovhesidlenti fi ed set of points in the range BIE/ES2009/038309

havi ng a high correspondence probability to the

th i .onal |

| dgﬁnt@ri'e?i égtﬁ’ﬂg'lf of{}rz‘ﬁg ff‘Lgd]r%eﬁ élﬂl?éanﬁqﬁﬁ Hdel g@'lﬂgf thd) ?art (43)
to thgrmepasyred m@l ef thd aerh (f’éé ththe themg@tctlormﬂ (é@txepwfqmmgwahovt pre-
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conposi tion of the flrst transformation Tl and an

i nverse of the second transformation T2 to register
the part (43) with the three-dinmensional nodel (101)
of the part (43); and wherein the operations are
further characterized by the operation of mapping the
i nspection data into the three-di nensi onal nodel (101)
at the part pose responsive to registration of the
part (43) to the three-dinensional nodel (101) of the
part (43). 25. The conputer readable nedium as defi ned
in Caim24, wherein the registration of the part (43)
with the three-di nensional nodel (101) of the part
(43) provides a robust match i ndependent of both an
exi stence of outliers in the range data and m ssing
data in the range data; andwherein the operation of
aligning the three-di nensional nodel (101) of the part
(43) to the neasured pose of the part (43) within the
i nspection cell (49) is perforned wthout pref Itering
the range data to renove outliers or a pre-accounting
for m ssing data.
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