e3exdﬁ 6TVLS-rv ~r | MAGE- BASED MNSPECTICN SYSTEM | NCLUDI NG POSI TI ONI NG
COMPENSATI ON FOR NON- PLANAR TARCETS BACKGROUND OF THE | NVENTI ON ' 159159"
Today, inage-based inspection systens are often enpl oyed for physical

i nspection of an object of interest. Such systens typically enploy an
optical- or x ray-based source at a distance froman obj ect of interest at

Systons. curr ent ILSGE- Bl disPrERIAN S EVANCEUHR C boSBROSHNG

bet ween t he imagi ng SO%@mgﬁgmmbjF(thON_pQMWﬂ@ET§at the area

of the object to be inspected may be brought into proper focus For
exanpl e, x-ray | am nography nmachines that are enployed to IM

printed circuit boards (PCBs) for manufacturing def eCtSMMM wm\wmze such
a mechanismto keep a portion of the board under |nspec narr ow

focal plape. GRSBNDPhe gREESEAINa thin "slice" of therPCB under
i nspection, zﬁ'{@%ngawewo alimted depth within the PCB. Such a view
provi des an advantage over typical transm ssive x-ray inspection systens,

component s and |t SXesRge s SeRien etcal o APl PSSR ne
physical  aspagiseals 3016 REE B thAY [sucl5888 bl olPmb e L ogRkaRlpRe i <

determ ned b an x-ray so rce X-ra

resi de on oppapbistdsoares adh distmcP@dmianebjecnsffinetdsont which aaraeea umlerobject
i nspection at any one time, which is normally terned a field of view, is

roughly 20s &% 6‘151 m%ageallyamnvéuﬁlwsmq ‘i}lrfﬁ%lbf eSRRIPY 8 POBINGAINGhe area of
the PCB itsel i on by
section, | ayelrrl ayer EGL}I%[hI Iia%fcpgr%gg% ‘04%1 lirlgséfﬁ}% g@ﬁgepoeé%’qgé

Unf or t unat el yldjuaablﬁ soghatf the bhreealREEhaalyjedico bt 1mpbd’:tbd neytbestroeghttiytd prapersone
portion of ar% area being inspected at any one tinme may remain out of focus,
forcing 3 o tﬁ%‘suse of an even snal |l er inspection area. As seen in FIG 1,

a warped PCB | 00 % é:rab'%f e top
side of PCB 100 to res out %m]o? a eptf'!;l11 ?su%ocus 60%9%% pt?cal or
X-ray i n$$)ecpnntedmhﬁrbpafdquCBsh@rlmanafmmiﬂg defents ofted utikze dneha narr ow

wi dth 120, that ma, e.inspected at ne_ti.nme. The use of a reduced

i nspection af¥g @e%/r@rtekpsp $B§U1°Ps° the har “Pﬁ%rﬁ%%ﬁe%ﬂn&? 2 gAY fRedlessary

for each s Pghny t%ﬁ@f&éa(}ﬂ pRGentd adhitlgRbd FRRE P@B‘ﬁf&?insb@&ﬂﬁc“ on time

required for each PCB an nSequently, a drastic reduction in PCB
i nspection t kHowgigruview/ddi ltmlmiaﬂmlh within thedt{sB.pButh enievwdprvidesREB war pi ng

| th L temto falsely identif t:of f
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manuf act ur ed PCBs.
simultaneously, making analysis of the physical aspects of the PCB difficult. The

position of the focal plane is determined by the location of an x-ray source and x-ray
detector, which reside on opposite sides of the PCB under inspection. The area under
inspection at any one time, which is normally termed a field of view, is roughly
25  square in shape, and is typically much smaller than the area of the PCB itself.

Consequently, the PCB is viewed in increments, section by section, layer by layer,
until all areas of interest are inspected.

Unfortunately, warping of the PCB may be of sufficient severity that some
portion of an area being inspected at any one time may remain out of focus, forcing

30  the use of an even smaller inspection area. As seen in FIG. 1, a warped PCB 100 may
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Such probl ens regardi ng a changi ng focal distance over the surface of an
object are not limted to PCB x-ray |am nography inspection machi nes. O her
optical - or x-ray-based view ng or inspection machines that enploy only a
focal length adjustment |ikely encounter the sane difficulties with obj
ects having a i 5 nonplanar structure to be viewed or inspected. Therefore,
fromthe foregoing, a new imge-based inspection systemthat allows nore
area of an object under inspection to restde within the depth of focus,
thus allowng for a greater inspection area and, thus, higher inspection

t hr oughput , weaxse all dubalvmall atpaconsthe fp SINAREB PO THeesidevmisideonf Edepstiiofent s
f the i t] di d in detail bel || ow t he, 2 | At |
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| magebased i ngPeGhi-ow wwiMet B0, kit %yaaetiﬁ{pl%eltebx; %}%b/orfbf t;]ﬁqé.a‘lfﬁé abd 8Na Allhced

rotation so that nore of the obj et wil'l reside within the focal plane.
Cont i nui ng wi inkp¢dtion RGB genarablyaesults [ BorQinspdctivh areas bping neGBsaYOof tadm FI G

L e B PR A R D
l'arger width %Qﬂcoﬁﬂeﬁﬁebdﬂyt, Ridaseie PéducRbn rOPOS idshEetiodl thesughBnaRi Ng or ot her

irregularities i'n an objéct under inspection can occur in"any direction
al ong a surface of Adiitionbily,db¢ focuhproblans due toPClhwarpage cdinalsalcausstbet | on

systemto transl ate and rotate.eith t he ject or the_j i,ng.systemto
o operl y.al | gRSEStioB By Sen Aty ieAnBc o b e ot e PRt gbecon
i rrlage- based,d fsnagdQhe ?%?Eﬁ,@e@ﬁﬁﬁé H At R u Qaﬁ?@&diﬁgnélg%dn@’&n“ on

i ncludes, in part, means I maging a portion of an obj] ect under
i nspecti an. Adiscapding of arapeely marudacturad POBsnmeans provi des a focal pl ane that

allows the viewing.of a fjgurative "slice" aqf e object. To allow nore of
an area of inter gg@‘% QrﬁLir?%{nggarr}i@g@tﬁhéggmg °%L2\ﬂa€ﬁ%98‘,’errf€%ﬁ 6rot& eri ng
the relative cPcﬁééttak@Hothmft&FtofP@E&-rﬁif ?di'ﬁn_@éraf;}ﬁ}ein'sﬂ@ﬂi'oﬁgnmﬁ{b%. Ottert he

object is provided. The positioning altering reans mani pul ates the
t ransl at i onal opitizsehtdr arrayhasedviewingerlinspectéon ma¢honesahatt émplopjonbca fagal t he

the oby oot ERERSRPBH eD: GAEREn e Semt Buren et vih Psslr i the
surface qf t heyPRirf btrucdur®BaBE viewed @ inspeéted.ol | i ng the operation of the

mani pul ating means then utilizes the surface representation so that the
portion of the objTeerefopaifram thesioragoing, hinew imagesbagsediinspegtion systemilas f ocal

pl ane of the j i ng _mean t.i onal | v s, for. .aut.omt,i cal

Piter pret | ng L RA HeksERr gt it MR ontnon RS o SR AR Rl pitpons

enbodi ment  ofthtihgllowivigTori D preater srispedtiontdier {nd[ thuefhighdrdhipedtion throBgat,0
based i-nspection of an object, with a portion of the object to be inspected
bei ng requi r sHOYlg bejagdvaRtadRoys-a focal plane in order to be imaged. First, at
| east part, of the surface of the object is mapped so that a representation
of that part of the surface of the obj ect is generated. Next, the

transl ational position and rotational orientation of either the obj ect or
t he narrow fogal pl i d on the surface 2s representation so
that the portwqﬁ@%g@%ﬁb%ﬁg)ﬁnspect ed lies within the focal plane.
That portion of the object is then inmaged for inspection purposes.
Optionally, the resulting image may then be automatically interpreted to
det erm ne t he st atEmbodingntd oftthie tivetion, tdbe distussed inddefdihbelows pow sheand

advantages of the invention will becone apparent fraom i he follow ng
det ai | ed28esdFlab¥s BASINER RETVEER 28 SR]eGHER]en HisRRaHen @RS B tasALRIAYS AbAliEAGengs,

illustratin : I i [ i:
DEscrt Pr1 o GRS e ptiaf Bt bR el B yPA T tinslafin bfif EfbicHeo hablRold |
such an ext endf thérabjettheilidepidl withid thefsca ptamei Goatinwing lvidnthe PR exessid in

i nspection systemfromthe prior _art all on|
P YRG. D if'the warped PCE 106 (ffom FIG. 1), of th imaging source/detector pair, is

translated and rotated in a certain way, more area of the top surface of PCB 100, as
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s'o a'small area of the PCB to be inspected at any one tine. FIG 2 is a
diagramof the PCB fromFIG 1 that is rotated so that a | arger area of the
PCB may be inspected at one tinme by an i nmage-based inspection system
according.to an enbodi ment of the invention. FIG 3 is a block diagram of
an i mage- based i nspection systemaccording to i 5 an enbodi nent of the
I nvention. FIG 4 is a perspective view of a hexapod that may be used as a
mani pul ator in an i mage- based i nspection s?st em accordi ng to an enbodi nent
of the invention. FIG 5 is_ a Si nﬁl i fied diagram of_ the operation of.a

t

| aser di st ancéeladduyrlazaes wadthi209; Liesythia deptotfocysal 10. ofinge warmag er alspi ng

systemin an | - | | Tl dol | t
of “the i nvent |TURAERES B ok IREF kPR AR BL A 10 ) Btk o R AHERY |
from a surfacef thepbiethadbilify éff@ninidge-bated Rcscivp By Nemsy Slagsiatenay rotate
utilized by a controller to control a manipulator in _an_inmage-based

i nspection sysithemtagelieetionthe Enagingsistean Hepropedy align thewabifdt svith thedoq@lg 7

is a flowhart, of.a d of imge-based inspection according to an
enbodi mant;1 of PRfig1S #g&%@?t)n. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS -5 The ig{ibedhssaithspeetioh Bpstérn \WeeuriRg to Whiettborifert®¥ehd bed
bel ow, are contenplated as a result of devel opnent work involving an x-ray

| ani nogr aphy Pesntiensipelides in g meansHonimaging & phwion; afapebjded ndsrsnspestion.
Ut avi ol et (A3 aatii B imiefiPl Fieabs Plnfsabel ek HEAI IR VisrE L
| Ivent s on adv e R B e L e e e e T osed
assume tHax tokjedtdode viswademeans fos alfping theirelative positian hbtheAocalalane ofithe | e
this arr angenFrrrxlaEgililgs mtearlll% fn%sthe 88}%‘3! 8 rprc?vr}ged. The positioning altering means
manipulates the translational location and rotational orientation of the object or the
imaging means. Also included is means for mapping part of the surface of the object,
thereby generating a representation of that part of the surface of the object. A means
15  for controlling the operation of the manipulating means then utilizes the surface
representation so that the portion of the object being inspected lies substantially
within the focal plane of the imaging means. Optionally, means for automatically
interpreting the image from the imaging means is included.
Another embodiment of the invention exists in the form of a method of image-
20  based inspection of an object, with a portion of the object to be inspected being
required to lie within a focal plane in order to be imaged. First, at least part of the
surface of the object is mapped so that a representation of that part of the surface of
the object is generated. Next, the translational position and rotational orientation of
either the object or the narrow focal plane is altered based on the surface
25  representation so that the portion of the object being inspected lies within the focal
plane. That portion of the object is then imaged for inspection purposes. Optionally,
the resulting image may then be automatically interpreted to determine the status or

quality of the object.



i ‘o enployed in inmge-based PCB i nspection systens, other orientations of
such systens are contenplated within the scope of the follow ng

enbodi ments. An i mage- based i nspection system 300 according to an

enbodi nent of the invention is shown in FIG 3. A major conponent of

i nspection system 300 is an imaging chain 310 that captures an inage of a
portion of an object under inspection. i s The portion being imged is
determ ned by a focal plane defined by the4ﬁhysical characteristics of

i magi ng chain 310, which may b tical or x-ray-based in nature. Several
i fferent types of Oiberarpeesand adiagiaggs ohienaVSmoR Vil e mF ARRRIE: HRR Bed
in inspection : ! i; 1

more popul ar SEVIE aqRtd Heecibliph @k @ con IRGl AR At pctipad g tral b,
both of 2 o wilwhasigbywialy-dfeganplenhé pendples oXthedyvendohnogr aphy general |y
consists of a scanning x-ray source used in conjunction with an x-ray
detector that captures nultiple inmges of the x-rays fromthe source that
are transc\%}tted at various angles through an object to be inspected. The
pl ane at ich the various paths between the source and detector intersect
is the focal PBRARE DEIERIPTION OF THE DRWWINGSChai n. The 2 s depth of focus
of the imaging chain is determ ned by the distance between the source and
detector, the angle of the Iine defined by the source and detector with

respect to the foc%![%pi ane iaglﬁglO&J]ﬁéBftﬁ&ti?ﬁameéﬁ; g}{chla%ngﬂ&gr [tﬁ{e Iflé@ﬁ:oﬁ

chains may scan the obj "ect 1 ved Tn either a Tinear or rotary |

Wth respect foeus @ésatiateont b énagibased inspyctionrsy s fagHi the priér ArtBOWS only
chains enploy a rotary scanning x-ray tube as the x-ray source, and a
rotary scihti prmelereagfithhPeBrtadeligspeetedebany onettiae.sane rate and direction

as the scanni ng xr tahe, o i Iy 3 e Wth
the tube. An Xx-r ayﬂ%‘r%ir%ad @%&mccgfn@?%@u@?@dfgé;p? a&gg%ﬁ%efgéhhgéa? %ggﬁﬁrﬁat he
scintillator. oAhePORaidytbe iidpectedACose GRBDN AN iPAEE-baed Ghspebigor0bysth under

i nspection is viewed by the canera froma constantly varying point of view

The portion ofccopdingsg anembediment phibedeventant hat remains stationary in view
defines the focal : ) y ks V. t
within the field of k@inib% ﬁ@&g@@@@{m 1)%%; {“Eaée?gﬁﬁée@ﬂ%ﬁﬁt%aﬁ%%@%? Orent,
causi ng tiwe i smeabodiinebhobibe imyeatisnt o appear |ight or blurry conpared to
the images of i o the ‘ﬁ,ortion wi.thin the focal &Lane, thus,allowing a .
focused view of onFiGthi aRFTIRESHYOTICMRE adixarad et Y be Heed aicmapipiiagor in

Di gital tonmosyp L&s!@fxﬁ?ed&h’}gs@mﬁ Eblade @rdn%ﬂb%'dgng&t of tHOMBEidn. " &Y
source. However, severa screte 1 mages are captured by either a noving
detect or or sever aFIGi5isiacmaplifieddiegtam of the vpeiatine df.alsegdistascpsdrisonf t he
x-rays fromthe soyrce 1.s that ar ransm tted.t hrough the obj ,ect. under
nspecti on. THE'PAHTEGEY FE L eLbi At SHAE MARECUNE B BRE 2R Usi ng a
conput er ze0 gi@i_ﬁﬁécﬁbﬁs?ﬁeﬂn@gﬁdﬁfgtbhﬁ_eﬁﬂfokﬁrﬁéht%&‘_tﬁé]ﬁv&ﬁio%@t under inspection
that lies within the Tocal plane of imaging chain 3 10. Referring again to
FIG 3, a mani pul aFEs. G2@ simplified diagrem depietingshow infomantiontfzom atsefaod| ect
under inspection so that a porti.on of the object to i ecte ill lie a
oW thi -t e HRREGIERILEPELBE R Frrang iy sho ieed PR ottty o

mani pul at or i gy 8 PAAGKOMSr BVAT intagBBiaba S pectiBA by2éth Mcfdr@ited8 Sin

transl ational novenent of the object, as rotational novenent allows nore of
a portion of trheoditmentoef theyitvenomf interest to be oriented within the focal
pl ane.

25 FIG. 7 is a flowchart of a method of image-based inspection according to an

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



Many different adjustment mechanisnms fromthe prior art may be utilized as
2 s mani pul at or 320. For exanple, as shown in FIG 4, a hexapod 400, which
is also comonly known as a Stewart platform may be utilized in various
enbodi nents of the present invention. Hexapod 400 typically consists of a
base 430, a retainer 440 that holds the object under inspection (not
shown), and six actuators 450 that couple base 430 with retainer 440.
Hexapod 400 is positioned so that the objetf held by retai ner 440 rnay
lie wwthin a focal plane 460 defined by imagi ng chain 310, described in
FIG 4 by image source 4d 0 and i nage detector 420. As is known fromthe
prior art, actuatorge daBodiffints'cFed AlventicH, G ardHescried HRRRE @rd he obj ect
under inspection, along any three orthogonal axes in three-dinensional
space, as weldontmnpleted e aresudt ofaleveldpmabworkainyolying dnoseyaldesnograptduBCBg a
full six degrees aof freedom of novenent. Transl ation npvepen arallel to
focal " pl ane 4BEPeSHPRALIRT FAMENED SO FSHECHAT DRETSPAEReT FRFER oPaBBEL i on t o
be vi ewed by i j i - i | atd i: ocal

Pl ane. 460 *al 1o e e A e e e e B Tt o
proper focus.iniBge detettién means, and emphiyed fdranspectien pHa vamety of itehs, edjldect 10

of interest to, pe aligned with focal. gle?ne 460 so that nore of the obj ect

may be i maged*tiize SMPORURINtE of B ipyembion efyatageoutini sns t hat cause similar
novenent of the objgegt i %Prﬁf) ¢ : i

mani pul at or 320. Aﬁ%isi tlhgga v;rlfn ot e&ﬁr{ééel}tg;ﬁ%rggl ?ﬁ%{tggegra%@gﬁﬁie%rfog%&%%es of
movenent may dfehesysteany écbriemtedirorizontadlyo WR2Othi Srearigbiment is Yhe mostepdpmtdroiie
that provides trans|ational is enent . in any direction, as well as

otat | ond® orsTEHIPYE] BrimaBeRsRRL S fuspRstian Yty BtRaT orasations o sHcthystems

i mpl ement ed i ' e ' | SESR) a mechani smt hat

i s capable ofﬁgﬁéﬁ?&g%gga‘?}@%a*@?%dyg\g?géén%@grg%? mveﬁgtﬁt, as well as
rotation about twoAnimhgegbasat isspestidrha/stean B0(parcatding td an émbadinehaofthé60 of
pregent. | nyerBIGROnSS P PHEICo - (4 Maiff SoRP BN SRE S TSI BONG Fnd
ot her anonal 'iﬁﬁgﬁfg dnid ﬂ@ltﬁ%capﬁﬁ&é‘a@ﬁnd%% 6f*&epo%i‘§r?| oftn @ogﬁcg%gldﬁx‘ ih%é?:?ibﬁ.' y, a

mechani sm that provides three-dimensional translation, ows rotation
about an 1axi sThegramtioebeing imaged is determoingd byaanfdcalplanc defiped py st physival t o

focal pl 460 .d al. i de. the.ratational .d f freed
necessary o ERelirelf & geRiedafts ) Frich Say B BpiGTSr E R hued BT R en
focal plane 460. /gidietd] diffdrent typds dfh@ragaéaﬁé@ir@iﬁiﬁé‘ﬁn&@ wEith abNél@fently

y

inspection is such that any warp or other anomaly generally occurs in a
speci fic di r empleyed in inspepiaen syistentragandie] wilized fornnlagingehaind 1 Twh péthe

directions, plu L QNI r LQ o] i . axis parallel .tq fpca
ol e 460, b3 ERbEe Reapd Bkt BadHbeaRy P gt GplRpithesty dofh 7%
Fur t her nkor e, widelp erediélykadwh hetheairt) re-rof ldntigogaples fererdBr consibpasta on, it
may be possible to utilize a nechanismthat only translates the obj ect

al ong an axi SCHEMRRKURY SQUFe ¥sediin SoRjyBetion,With an Xaiay dgtegior that 6ARtUFest at i ng
capacity. In LSyl s h i i . i cted
vt d have t SUAPIS RS e AiEyE bk B8 oflrol el debBhid arb oyl SIRET |
within the fithlodghfan objet ofbel inEcted. Mieiplarkld which tichvarioesbabs betaiesn the

i magi ng chain 310, as opposed to the object under i nspeét ion,. rrag be
transl ated afguics@eat dateptpr ipisptiinihsfoegl plans detpaminadeyr e imaging sBaige {Ihged
by i magi chaj | i . j . | RCL - '

enbodi rre%?s P%P &nif#?%% %fggélrg%l?%{éé%? ?gb&eége%ggﬁgw %’%c%tbeg%gb%f&nen @ggguercf’ o]
advant ageous ah@idetebjoeCths ahfiatof dedineeddfine@ bl the'saursd &id detevtor Witk rdspedt.tosuch
as small, fragile objects, or large, inmobile objects. |Inspection of the
human anat omfi&Egrbplane 3ng efer factdieom such an enbodi nent, as the human subj
ect would nost i kgl : d i f.] i i.al.
stationary positi ?ﬁ .r%hg?rﬁlr rérn%&g{gzla%ﬁ? %Aa%fééla%,gé#ﬁléé]?ﬁf gﬁﬁg(%l?g‘?]kf%qwuef fed to
det er mi ne howWnsarsorretirpshionr WRR respsit tbeotapescahnitle) mageresalaptndyraphy
surface mappi ng system 330. The primary purpose of surface mapping system
330 is to generate a representation of at |east part of the surface of the
obj ect under inspection in the portion of the object that is to be

i nspected. In other words, a "map" describing the topology or shape of the
surface of the object is produced.




2 '0 Several nethods of generating the surface representation of the object
may be enpl oyed. For exanple, a |laser distance sensor systemfromthe prior
art may be utilized for this purpose. As showmn in FIG 5, a laser |ight
source 520 may be directed at an angle froma portion 505 of the surface of
an object, which in this case is |located at first vertical position 530.
Laser |ight source 520 proj ects a first spot 550, which is 2s detected by
camera 510. The conbination of the positiof-of |laser |ight source 520, the
angle of the light fromlaser |ight source 520 with respect to canera 510,
and the posi t iT8#2iBg chaipsempleyta deanaing reas tybe pethgix-rayfsoures, gyt & refAnof

nd the posi t ITBeEing chiirs 55 e HeERfovIse, & FEADO!
o1 not ead 1 ofdraih VEORAG o RN BR g e SRRREMARCe iR R ARROTT

is instead | oca
di fferent posidyitbe,budis Oﬁd@ﬁlorﬁéﬁ a8pidegrebyout of Phhderwith &RAULESAN ey Antega
detected by a canera 5I thus indicating a different height of that
portion of ththesgontreoushi Gaptures MIm@dgr. opgh ke wirtillatore Aoos raspbinthefsamige

et oot PR R b B8 o8 i BRI S P A BB 8 o e
surface of thgoRing§tvatife boinddP e, OTheSpotidO¥Bth bBjdeeiifidtr ipettich that | ous

points on the object to be determ ned. Both the positioning of the |aser
| i ght sour ce BMRingstatienayy ithviewadefiaesthe{o¢ad piange Adbather/ “layereleofthaiohiect he

hei gh f h | ; ) b iith. id of
oP o ¢ o St E Bt tlin 856 SEUGR yidid Dfesfi oot fd Sielfoedt fiapimh. |
to perform t hgaRRGEARS MYe@AIThesBlLiyRRSto dppBarSilitt BEBIURBRIVHAr&Y G B TRAGs(¢H

FIG 3) may also be enbodi ed as a photogramretric systemfromthe prior
art. Gene¥l | thepostan withinghe fenal plane, thys allcaying afesussd view elboenlytha pertioniath
various |ight_,sources.and.optigal sensors, are enployed to view the surface
of the obj the x’beé: v%ltﬁlgbglgﬁ)%éﬁp:lapgm at least two different angles. The
resul ting imges f Dyl hemEAMBRRE Works hEI8P aGanllaHRhc)é oPs BRASHELLA DY Way of
15 hardware or software to generate the surface representation required.
Addi ti onal | y, squaee. f dewevasnseviera) distresainiages aregnapiuned By sitkana3goving detestnreud

oty based el SEHRnaR RIS HEGEoheg R it ARl VAR Sy Eomtht e
view a parst i othatiretth@smittddabough thidébjedtjunder indfeetior] The varislissdisorer ihrgreen

t he source/detector pair and.the 20 surface of the object is nodified,

possi bl y by oB&rthan eambined,digitally usigg asompuies e generie 38 imagmolthe prEion of ace
bei ng vi ewed fi.es: M Lhi N 3 0f, ) -paid . At
Chat ol nt, -t e Pt b ipBeqif e AR RESPUCEH SBLAE HaibSi0.
because the focal Refenengpégdihe Eliir; e ntbetimdator 3paisrutidiznd betracstate ahé kytate

det er m ned. ntinuing,.this process over .all .noints of interest on.the obj
ect under ins J5h %PSQFE%‘WSSO[%@ azp‘gt’&'%ﬁ@ﬁ?tq%é‘??tm b¢ Hepe Wﬂ?é‘ﬁyi red.
Surface nRPPi REhIKEE ﬁ%@@(foémxplﬁe%qiﬁlagiﬁg Ch&nB0MAE of sl ShafipuPh&PisNg
system In such a system each point of Interest to be neasured is detected
by a probe t hatvantagesiscavet aotechanibmithat opdyi priovises irabgatéartal orovemenodfthet . The

di stance between the ject and the probe is.nodified, ssi bly .by _.movenent
of "the  obj ect S9Peh HeraFRIoRaL B vement B Sgort it Poren Shab BRAad VA act

Wi th the poi ningkstidbEbRsited Withid ledbédl pldngcat i on of the probe and the

obj ect indicates the height of the object at the point of interest.
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made with the point “of interest on the object. Returning to F 3,
control | er 34thepossentahgertion. diexapod 600 Hpicalipicpndists of a 32k 419, nhvethirtehd40

portion of th bj..ect to be inspected Jies wthin the focal ne of
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to determine the proper translational position and rotational orienfation

of the object so that the portion of the object to next be inspected may be
i mged. A general -purpose algorithmc controller, such as a conputer, or
speci ali zed hardware, may be enployed for controller 340. ' Wth respect to
transl ation, controller 340 may use the surface representation i5 to
position the portion of the object to be inspected within the field of view
of




i magi ng chain 310. Controller 340 does this by translating the object in a
direction parallel to the focal plane of imaging chain 310. Al so,

controller 340 may use the surface representation to translate the object
under inspection in a direction perpendicular to the focal plane so that
the portion to be inspected lies within the a o focal plane. Controller 340
al so controls the rotational orientation of the object by way of
mani pul at or 320. The surface representatioh-from surface mappi ng system
330, which provides the data that controller 340 utilizes to performthis
function, mayewaenti)maydig withingfoealnlene 40 dedipgd by imegivgshriah 0 describer .
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to the focal plane of inmaging chain 310 while preventing point of interest
630 from trarebjest inderdudpscison todid wiewpd by imaging chain Bd0nwhilertransdatbomt of t he

portion of the obj,.ect t@ be ins ted will lie wthin the.facal ane.
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to properly position thé obj ect under inspection. In order to control
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accurately based on _the control provided by controller 340. Controller 340
may al so contorpgensd axefe could ds implemeateddremiodimenss of tiednvmtions F8&t i on
system 300, t j r; t ' )1 in FIG 3
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under inspection, assumng the user can view'the I nmages ptured by i maging
chain 310. Alabemal¢scdfithe abjecthsuhpasan éhe @50 ofrayPUbe Ahphetehd atrwedatismathatal |y

interpret the i es captured i in hain 310.to determ ne t st at us
o qual 1ty oPTOHRATB e eRe AN ateTaHd SAOYS AGRAPT 5 GEx RRI fv c
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determ ne the status of the objéct, may serve as interpreter 350.

Ot herwi se, s petetianal degrehsofifnegdonprecessany togthe hbgs aperticwsdf thapbjebsto Hee
enployed in the sane.capaciiy. Alier ely,.control] er 0 etformthe
Fuhct ) ores dedupptiad wipieh erbiant eaf A3 Betan e Anit atibe abinet Brcsrne
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i mge- based 1 nSpection of an object. Method 700, as Shown in FIG 7,
utilizes any dimetie, basehaniemithat adlgys tianslation ngall thuee divtctions;flesiprovides
optical - or x-ray-based detect.ion, that. defines f ocal ne. .[First, a
oort ot the SFRdRESSR s SEsBreE Baord olensl 18V BesBuiiL s, 710
Thi s mappi ngix?s%;@&i&%}eché’ttt?ﬁe &f biediepresentation of the part of the surface
of the object that was napped. The translational position and rotational
orientation of the object or the focal plane is then altered using the
surface representation fromthe mapping step so that a portion of the

obj ect being inspected lies within the focal plane (step 720). Finally, the
portion of the object that lies within the focal plane is inmaged (step
730), wth the inmaging step




i 5 generating an inmage of the portion of the object being inspected. In
sone enbodi nents, the inmage generated by the imagi ng step may be inspected
manual |y to determne the status or quality of the portion of the object
bei ng i nspected. Alternately, the nethod of inspection nmay interpret the

| mage automatically to determne the status or quality of that portion of
the object (step 740). Furthernore, 2 o the position-altering, imaging, and
interpreting steps may be repeated for each-addi ti onal portion of the
object to be inspected. Fromthe foregoing, the enbodi nents of the

i nvention di scusseﬁuréhfém@rmiﬁaem%a&m 8 op the\qtdect anderiaspacHga.dgmay be
epeCt L on Y RESB R T8 AU kAl LAASLAL e ARbpkabbon
movenment bet ween & rocal pl'ane of an | mage- based S |nspe§t|on system and
an obj ect undsgrpéndsgatitoaie focal plek, talawg, with Bethe sqegid tapasiypt Bihiwingtat®d,hods
enbodyi ng the invention are al so possible. Therefore, the present invention
is not to be thepprtian afwbiget thay iscptbednpseted veunldbavs fothecsuificently srsell ae dpt

the invention,is limte 3 0 | Al - Al t~is clained
is: 1. Antsi rr&&%-eﬁiéﬁse;gc?trlgﬁégéeuég iﬁg&”élffgp(eérﬁe(@gayw}ﬂo%ﬁp%glggét%%\%ﬁé)h object, 2
conprising: neans ¥Osthér@ahdtmentd Sinaginp0sai0B ) fas bpgosedite e, objét undBYi Ng
means (310) 4 defining a focal plane in which the portion of the object

nmust be posi tingpestionmey berangdatpd andregietad by manépulatay 3¢ sordah the(foed)planehe

| magi ng nmeans 1 neratin I s qf the,portion of 1he object;
oans Tor - al SRS by S5AEE kAR 0 4 ROBrobell difioBRblact Nsle thE el
position of arhirliRehieEor fenibelatddSedesditradbbiie $hdmiddumentsaeans for
mappi ng (330) at least a part of the surface of the object, the i o mapping

means (330) sivantageang far oljpets St areheshledrinalstatipanry pefsiticne suabr #sameallbf t he

OoLT e b a1 A4S elentS of S5, Tndhll® iRl gpatesRBE b Fls ity Anafoamy wepd e
- surface of thgsohiRet M dukBlantehdodRhért 04y tAE human subject would most likely be

more comfortable if left in a substantially stationary position.

Returning again to FIG. 3, the information required to determine how

15  manipulator 320 must be operated is generated by a surface mapping system 330,

The primary purpose of surface mapping system 330 is to generate a representation of
at least part of the surface of the object under inspection in the portion of the object
that is to be inspected. In other words, a “map” describing the topology or shape of
the surface of the object is produced.

20 Several methods of generating the surface representation of the object may be
employed. For example, a laser distance sensor system from the prior art may be
utilized for this purpose. As shown in FIG. 5, a laser light source 520 may be directed
at an angle from a portion 505 of the surface of an object, which in this case is located
at first vertical position 530. Laser light source 520 projects a first spot 550, which is

25  detected by camera 510. The combination of the position of laser light source 520,
the angle of the light from laser light source 520 with respect to camera 510, and the
position of first spot 550 determine the height of the portion of the surface being
illuminated. If portion 505 of the surface being mapped is instead located at second

vertical position 540, a second spot 560, at a different position than that occupied by



i 4 the object being inspected lies substantially within the focal plane. 2.
The i nmage- based i nspection system (300) of claim1l, wherein the 2
position-altering neans (320) conprises neans for mani pulating (320) the
transl ational and rotational position of the object to be inspected. 3. The
| mage- based i nspection system (300) of claim1, wherein the 2
position-altering nmeans (320) conprises neans for manipul ating (320) the
transl ati onal and rotational p05|t|on of t%he imagi ng means (310). - 14 4.
The i mage- based i nspection system (300) of claim1, further conprisin

means for autBshepat éﬁﬂywowﬂéae&e@ptqd@y(ae@@)era IﬁéO,lthwgleldfqabm tildeffﬁtrﬁaghﬁggh@%ms
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cameras, in conjunction with various light sources and optical sensors, are employed

to view the surface of the object under inspection from at least two different angles.
The resulting images from the cameras are then captured and pro‘cessed by way of
15  hardware or software to generate the surface representation required.

Additionally, the functionality of surface mapping system 330 may instead be
provided by a focus mapping system. Under that system, an optical- or x-ray-based
source and detector pair, or analogous structure, is used to view a portion of the
surface of the object. The relative distance between the source/detector pair and the

20  surface of the object is modified, possibly by operation of manipulator 320, until the
portion of the surface being viewed lies within the focal plane of the source/detector
pair. At that point, the relative height of that portion of the surface is known because
the focal plane of the source-detector pair can be accurately determined. Continuing
this process over all points of interest on the object under inspection thus allows the

25  generation of the “map” required.

Surface mapping system 330 may also take the form of a physical probing
system. In such a system, each point of interest to be measured is detected by a probe
that makes contact with the point of interest on the object. The distance between the

object and the probe is modified, possibly by movement of the object via manipulator



a ‘'mani pul ator (320) is configured to translate and rotate the inaging chain
(310). 8. The image-based inspection system (300) of claimb5, further 2
conprising an interpreter (350) configured to automatically interpret the

i mage fromthe imging chain (310) to determne the status of the obj ect
bei ng i nspect ed. -15 9. A nmethod of image-based inspection (700) of an
object, a portion of 2 the object to be inspected being required to lie
within a focal plane in order to be inagedo‘the met hod conpri sing: 4
mappi ng (710)_at Ieast a_part. of the surface of the object, the map

step (710) ge?r?@s uetilige arqb@gﬂ%lgeéﬁ%t@%wﬂéfhetménwﬂmetﬁst tme ge&ﬁtfvadecaémcrfe
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position of t PS5 ect I NS ec e so
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position-altering step %]20 beln based on the representation of the part

of the surfac¥ths Ol?Jﬁ%t tg F@@Perﬁﬁﬁp pagitagce Brabguds mpll 23 naggles thatallon of
the obj t
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automatically the inmge fromthe |maq%§ g step (730) to determ ne the status
of the portion of Rmnmg i 1Gh 8; peptraliepad é@ltro sx{heAwemtlon@fnmnmlatAst

- AGH AL AL Q%R théA‘ ortion OFthe object to be inspected lies within the focal plane of imaging
chain 310. Controller 340 performs this function by using the surface representation
10 thatis generated by surface mapping system 330 to determine the proper translational
position and rotational orientation of the object so that the portion of the object to
next be inspected may be imaged. A general-purpose algorithmic controller, such as a
computer, or specialized hardware, may be employed for controller 340.
With respect to translation, controller 340 may use the surface representation
15  to position the portion of the object to be inspected within the field of view of
imaging chain 310. Controller 340 does this by translating the object in a direction
parallel to the focal plane of imaging chain 310. Also, controller 340 may use the
surface representation to translate the object under inspection in a direction
perpendicular to the focal plane so that the portion to be inspected lies within the
20  focal plane.
Controller 340 also controls the rotational orientation of the object by way of
manipulator 320. The surface representation from surface mapping system 330,
which provides the data that controller 340 utilizes to perform this function, may be
utilized in a multitude of ways to accomplish this task. For example, as shown in
25  FIG. 6, at least three points 610 on the surface of the object under inspection, as
identified by surface mapping system 330, could be used to define a plane 620 in
space. Points 610 reside near point of interest 630, representing the portion of the
object to be inspected. Such a task is possible since any three points in space that do

not describe a single line necessarily define a ﬁnique plane. Controller 340 then
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s#109%hh&10) - <RXEERSWY 3384 Myyrigdeothsr methhés aflusing identified points from the surface
representation that rcs1de near the portion of the object to be inspected may be
employed by controller 340 to properly position the object under inspection.
In order to control manipulator 320 accurately, controller 340 may require
positioning feedback from manipulator 320 to precisely determine the position and
15 orientation of the object under inspection. Alternately, such feedback may not be
necessary if manipulator 320 itself positions the object under inspection accurately
based on the control provided by controller 340.
Controller 340 may also control the operation of the remaining portions of
inspection system 300, as centralized control of the various elements shown in FIG. 3
20  may be desirable over a systems that relies on each of the elements being self-
controlling.
Returning once more to FIG. 3, the components thus far described (imaging
chain 310, manipulator 320, surface mapping system 330, and controller 340),
provide an image-based inspection system capable of allowing a user to determine the
25  status or quality of the object under inspection, assuming the user can view the
images captured by imaging chain 310. Alternately, an interpreter 350 may be
employed to automatically interpret the images captured by imaging chain 310 to
determine the status or quality of the object under inspection. A general-purpose

algorithmic controller, such as a computer executing software appropriate to
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FIG. 7, utilizes any image-based technology, including, but not limited to, optical- or
x-ray-based detection, that defines a focal plane. First, a part of the surface of the
object to be inspected is mapped (step 710). This mapping step generates a
10 represéntation of the part of the surface of the object that was mapped. The
translational position and rotational orientation of the object or the focal plane is then
altered using the surface representation from the mapping step so that a portion of the
object being inspected lies within the focal plane (step 720). Finally, the portion of
the object that lies within the focal plane is imaged (step 730), with the imaging step
15  generating an image of the portion of the object being inspected. In some
embodiments, the image generated by the imaging step may be inspected manually to
determine the status or quality of the portion of the object being inspected.
Alternately, the method of inspection may interpret the image automatically to
determine the status or quality of that portion of the object (step 740). Furthermore,
20 the position-altering, imaging, and interpreting steps may be repeated for each
additional portion of the object to be inspected.

From the foregoing, the embodiments of the invention discussed above have
been shown to provide an image-based inspection system which allows relative
translational and rotational movement between a focal plane of an image-based

25  inspection system and an object under inspection. In addition, other specific systems
and methods embodying the invention are also possible. Therefore, the present
invention is not to be limited to the specific forms so described and illustrated; the

invention is limited only by the claims.
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2 comprising:
means for imaging (310) a portion of the object, the imaging means (310)
4  defining a focal plane in which the portion of the object must be positioned in order to
be imaged by the imaging means (310), the imaging means (310) generating an image
6  of the portion of the object;
means for altering (320) the relative translational and orientational position of
8  the object to be inspected and the focal plane;
means for mapping (330) at least a part of the surface of the object, the
10  mapping means (330) generating a representation of the part of the surface of the
object; and
12 means for controlling (340) the operation of the position-altering means (320)
using the representation of the part of the surface of the object so that the portion of

14 the object being inspected lies substantially within the focal plane.

2. The image-based inspection system (300) of claim 1, wherein the
2  posttion-altering means (320) comprises means for manipulating (320) the

translational and rotational position of the object to be inspected.

3. The image-based inspection system (300) of claim 1, wherein the
2  position-altering means (320) comprises means for manipulating (320) the

translational and rotational position of the imaging means (310).
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5. An image-based inspection system (300) for inspecting an object,
2 comprising:
an imaging chain (310) configured to generate an image of a portion of the
4  object, the imaging chain (310) defining a focal plane in which the portion of the
object must be positioned in order to be imaged by the imaging chain (310);
6 a m/anipulator (320) configured to alter the relative translational and rotational
position of the object being inspected and the focal plane;
8 a surface mapping system (330) configured to map at least part of the surface
of the object, the surface mapping system (330) generating a representation of the part
10  of the surface of the object; and |
a controller (340) configured to control the operétion of the manipulator (320)
12  using the representation of the part of the surface of the object so that the portion of

the object being inspected lies substantially within the focal plane.

6. The image-based inspection system (300) of claim 5, wherein the

2 manipulator (320) is configured to translate and rotate the object.

7. The image-based inspection system (300) of claim 5, wherein the

2  manipulator (320) is configured to translate and rotate the imaging chain (310).

8. The image-based inspection system (300) of claim 5, further
2 comprising an interpreter (350) configured to automatically interpret the image from

the imaging chain (310) to determine the status of the object being inspected.



1098 () - pMppp- qqqdEbC  10Lssy109%&' () - & 10%&' () - &G' 109%&' () -
109%&' ()-"10%& ()-GB109& ()-qgqXrrr¥%shsdEbC
10LY+109& ()-3(10% ()-&109& ()- @Z10%& ()-s!"10%& () -
10%&' ()-hsssQtttttxnmbC 10L10%&& ()- 10 10
103z10%&' ()-1Y"109%& ()-LO10%& ()-- @ 109%& ()-tt Guf uuv\ vdEnbC
10LF, "'10%@& ()-&10%& ()-F & 10%@& () - &OMLOY@&' () - F
10%@&' () - 10%@& () -\ vvw ww7xdEnbC 10LY10%0% ()-& 10%@& ()-! 10%& ()- &
1096 () - FyZ10%@& () - &10%@& () - 7xxxdEnbC 10LY10%@& () - &l
10%@ ()-!10%@& () 9& 10va@athod-of inegrbised Mspeat®m@l0Q)) of anmbiext,'a patdtianiofig
13]c" "Headi ng 23].c" "Headin 3].c" " Headi 43] c" - Headi ng 53] c" " Heading
53] o " riati niperHeet to bEBGpPATeEaRice reapaNIhTe Yl asfoo R Ak in SBAT49 Do
Font RG4/ ) 978 ik ablsasdeioiy abigpxkANOPCRXE< W+ G 7 $9&() /5
. >?C_EJ| NRWZ_b7T hh=j kT npghst \ v7xxSTUVWKYZ[\ ]~ " abcdef ghi j ki rmopqr st uvwxy
z{|}~6Ti mes New Romppiﬂga(vm%mﬁlmt Npart hf Resurfave ofyihe oljeesic theemapping step
P HSUR' () *+, - d]%ﬁ23456789: ,

J

<=>2 @BCDEFGHI A BReSBRIERETS fapsepsitatian ofthe part of theSurfacs,of e obiset pepped;

6 altering (720) the relative translational and rotational position of the object
being inspected and the focal plane so that the portion of the object being inspected
8 lies within the focal plane, the position-altering step (720) being based on the
representation of the part of the surface of the object mapped; and
10 imaging (730) the portion of the object that lies within the focal plane, the
imaging step (730) generating an image of the portion of the object being inspected.

10.  The method (700) of claim 9, further comprising interpreting (740)
2  automatically the image from the imaging step (730) to determine the status of the

portion of the object being inspected.



