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i mge- based i nspection systens are often enpl oyed for physical inhspec p@)lh
of an object of interest. Such systens typically enploy an optical- or x-
ray- based source at a distance froman object of interest at which an area

of the obj ect 1§/ £ BASKIPHSSPAGIONSRL K IREL SHRGGIGLEIFOSHGENt | ¥

enpl oy a positioning nmechanism stance between the Imagi ng
source and the obj ectCOMPENSASUGIN BOSONOMNPLANAR EARGETRe obj ect to be
i nspected may be brought into proper focus. For exanple, x-ray

| am nogr aphy machi nes that are enployed to inspect 15 printed circuit
boards (PCBs) for manufacturing defects often utilize*such a mechanismto
keep a portion of the board under inspection within a narrow focal plane.

That fosal BHGEOEROINBERTHBINVENTIONI ce” of the PCB under inspection,
allowing a viewof alimted depth within the PCB. Such a view provides an
advant age over typical transm ssive x-ray inspection systens, which do not
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i nt er connecti ons aneous I’ng anal ysI's aspects

of the PCBimdpédtioawftan obfe2t opmsdréstoBueH systend 19piablip@ptyi & diler wrged by the
| ocation of an x-ray source and x-ray  detector, which reside on opposite
si des of t Fe-Pesl spibes af adiglanes Gom anipbiest ehingggsnt whithrecareoaf the olregt one

tinme, ich r L.y t fhel f vi i s roughly. 25 square in

shape, i,\gndgiﬂsﬁ?c’{}%i @thonﬁa@&%gnéchégyﬁﬁ%ﬁ C{lﬁgﬂ&’r %Igplgy atgﬂ?é%i?&@% tsel f.
¢~gonsequent In¢chaniien REBrdby thié @leRecd Betved Ei¥EMaSing$0GideAnd e sig6siiion, | ayer by
“.Vayer, until all areas of interest are inspected. Unfortunately, warping
of the PCBadiasfable sefthas the rer ehthepbiest iotle inprectesonsy bebrougbhings prapemr ea

bei ng inspfo%gd at any one tine nmay renmain out of focus, forcing 30 the

use of an even snaller inspection area. As seen in FIG 1, a warped PCB 100

may 3 SE P 2004For example, x-ray laminography machines that are employed to inspect
15  printed circuit boards (PCBs) for ménufacturing defects often utilize such a -
mechanism to keep a portion of the board under mspection within a narrow focal
plane. That focal plane represents a thin “slice” of the PCB under inspec;tion, ‘
allowing a view of a limited depth within the PCB. Such a view pr-ovides an
advantage over typical transmissive x-ray inspection systetns, which do not employ a
20  focal plane, thus providing a view of all components and interconnections
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

3¢ the use of an even smaller inspection area. As seen in FIG. 1, a warped PCB 100 may



-2 cause all but a small area on the top side of PCB- 100 to reside outside
of a depth of focus 110 of an optical or x-ray inspection system
resulting in a small area, defined by a narrow wi dth 120, that be
i nspected at any one tine. The use of a reduced inspection af’éangﬁ%ezwmy
results in nore inspection areas being necessary for each 5 PCB, thereby
resulting in a significantly | onger i ns_%pti on tine required for each PCB
and, consequently,, a drastic reduction Tn PCB inspection throughput.
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additional testing or 10 discarding of properly nmanufactured PCBs. Such
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obj ects having a is nonplanar structure to be viewed or inspected.

Ther ef ore, #ndeondequénilyegdiastic redupisan infR{R inspentignithropglhmiton syst em t hat

Il f. bj der i tion t i de within_the depth
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Enbodi nents of the i nventi on, to bé discussed in detail below "allow the 25
rel ati ve poasmandadietingdefeets, robileng intnodie dug rspectessaryadditidna! fesitad opl ane of

i mge- based.inspectiqn systemt altered by way of translation and
thtati o soglf%@lngrﬁggmp(?ﬁyﬂ?éugaﬁ&@fpaﬁ'I reside within the focal plane.
Continuing W th tha REBlef%abP8inkd chitdhg Heal disthh® NRE BRAURER: 468, (from
FIG 1), or the inmaging source/detector pair, is translated and rotated in
a certain wilysctrps rotdmeigedoto RO xtrapplasuindgaephyohsieClord 0@ chiass. 308EP 2004 - 3-
- optical- or x-ray-based viewing or inspection machines that employ only a focal
length adjustment likely encounter the same difficulties with objects having a
15  nonplanar structure to be viewed or inspected.
Therefore, from the foregoing, a new image-based inspection system that
allows more area of an object under inspection to reside within the depth of focus,
thus allowing for a greater inspection area and, thus, higher insj)ection throughput,

would be advantageous.

20
SUMMARY OF THE INVENTION

Embodiments of the invention, to be discussed in detail below, allow the
25 relative position between an object under inspection and the focal plane of an image-
based inspection system to be altered by way of translation and rotation so that more
of the object will reside within the focal plane. Continuing with the PCB example in
FIG. 2, if the warped PCB 100 (from FIG. 1), or tl}g imaging source/detector pair, is

franslated and rotated in a certain way, more area of the top surface of PCB 100, as




defined by larger width 200, lies within depth of focus 110. Since warping
or other irregularities in an object under inspection can occur in any
direction along a surface of the object, the ability of an in&g@-BEQeQMM

i nspection systemto translate and rotate either the object or the inaging
systemto properly align the object with the focal s plane is desirable. An
i mage- based i nspection systen1according_gq an enbodi nent of the invention
includes, in part, nmeans for imaging a portion of an object under
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t he objest, plahbey @Ritalienerating a representation of that part of the
surface of the object. A neans i5 for controlling the operation of the
mani pul at i ng neads imagerbasdd inspestiomheystan feweding ép e smhodiienhofthet hat t he
portion of the O%fl bei.n ected. | i es substanti al hin the focal
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- interpretingshbedi-aREs, éaé%gihgrﬂeﬁﬁgﬁﬂagid’é%%cdlgldn@%Mﬁgws.Mi%ﬁn of
enbodi ment of the invention exists in the formof a nethod of |mageg- 20
based i nspetfigontivé “dicedbf drtobjaett Ko allpenhemerfah ardeeofabiesst withirbthei nspect ed

~Bein requir.ed to lie within focal plane.in order e | ed.. First,
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Next, the translational position and rotational orientation of either the
obj ect or 't menpalatesihé tendlatpinahkycatsoradridenotdi opalseriendationhid theiotjacter 2he

representatjon.so that the.porti.on of the object bei i ngpect.ed l.i.es
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automatically interpreted to deternmine the status or quality of the

obj ect .253 Sfepcompjling 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
mterpreting 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 sﬁrface 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 ;esulting image may then be automatically interpreted to determine the status or

quality of the object,




O her aspects and advantages of the invention will becone apparent fromthe
follow ng detail ed description, taken in conjunction with the acconpanyi ng
drawings, Y f illustrating by way of exanple the principles of .t, 0
invention. 5 BRI EF DESCRI PTION OF THE DRAWNGS FIG | is a diagram 01P g [HCB
that is warped to such an extent that the depth of focus associated with
an i mage-based inspection systemfromthg prior art allows only 10 a small
area of the PCB to be inspected at any one tine. FIG 2 is a di agramof the

PCB from FI G | t@ﬂ&r és%eét?%ﬁ& ‘E&'va%? o%?@% e ih 855 vt o rﬁé aﬁgﬁef (}P IH‘%M

i nspected at one I nspecti on sy S CCOI’ %O an

embodi ment %ndmgldmaﬁua uemlpﬁbﬁtaﬁen 1@ c@nﬁ(h@t@dﬁ ﬂitﬂﬂl@d@c@&p@r@ g&ﬁ@n'i?ssed
i nspection s%/stem according to is an enbodi mrent of the invention G 4

i s a perspediiusiratiog byway od eNerpisdbe preaiplangt the inksatioms a nani pul ator in an
i mge- based i nspection systemaccording to an enbodi nent of the invention.
FIG 5 is a sinplified diagramof the operation of.a.laser distance sensor
systemtbhat nay be used as part of a surface nmapping systemin an

i mge-based 20 inspection system according to an enbodi nent of the

i nvention. EFGEF@E&&IP&I@N DFi IBdE IRAGWANGSepi cting how i nformation froma
surface representation fromthe surface mapping systemnmay be utilized by
a controller to control a manipulator in an inmage-based i nspection system

according to an F@GbpglmagraﬁioﬁMBWﬁ%w&%d?@sﬁh%e&tén%ﬂﬁtfcﬂ%ﬁ%f of a

met hod of image-based inspéction according to an enbodi nent of
i nventi on. EE‘RAE&EDELEES@ E’ﬂ'h@gﬁaﬁﬁﬁ;sﬁm?ﬁmanmm&r&lm @094 5
h are described bel ow, are

T)r;ﬁt ggfg; rergrsltg’éngr‘?‘ate % ng%nt g\%ﬁ?@ﬁ?ﬁﬁﬁﬁt FOrREHYO! ving an x-ray
| am nography PCBFIG. 2 is a diagram of the PCB from FIG. 1 that is rotated so that a larger area
~ of the PCB may be inspected at one time by an image-based inspection system
according to an embodiment of the invention.
| FIG. 3 is a block diagram of an image-based inspection system according to
15  an embodiment of the invention.
FIG. 4 is a perspective view of a hexapod that may be uséd as-a manipulator in
an image-based inspection system according to an embodiment of the invention.
FIG. 5 is a simplified diagram of the operation of.a laser distance sensor
system that may be used as part of a surface mapping system in an image-based '
20  inspection system according to an embodiment of the invention.

) FIG. 6 is a simiplified diagram depicting how information from a surface
representation from the surface mapping system may be utilized by a controller to
control a manipulator in an image-based inspection system according to an
embodiment of the invention.

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



i nspection system However, other inspection systens, whether based on
optics, s infrared (IR) em ssions, x-rays, gama rays, ultravi ol,eg @/}5

radi ati on, or other inage detection neans, and enployed for inspéc |or20(g1"
a variety of itens, could utilize enbodinents of the invention

advant ageously. Al so, the follow ng enbodi nents herein discl osed assune
that the focal plane of the systemis ofiented horizontally. Wile this
arrangenent is the nost popular one 10 enployed in inmage-based PCB

i nspection systens, other orientations of such systens are contenpl ated
wi thin the scope of the follow ng enbodi nents. An image-based inspection
syst em 300 accor’ﬂlhmgnbmﬂimamerdﬁdmﬁ meertionf whivd are desenbedbelow, steown in FIG 3.
A maj or conponent of ims ti on st em 30 i magi ng chai n 310 t hat

captures an anFé%atG@ 32§ t CB? %fHelHB]’ gtm‘{PrI\ gapﬁsﬁ%é%m@ﬁgaPBY'P@
portion beingJBIeHdss ﬁ%%@@i‘ E&% 1%%13@0’[108%%&1% aﬁﬂl?etﬂcfgrfﬂagc‘rjdj X&tﬁ&e physi cal

characteristics I magi ng char be o ray- based
i n nat urse. mﬁemdr(m) ahhitfiene ntrayy pesmof raxs, nmyavbase(djvmglalmgncd&aithé‘r whi ch are
currently e oned in |nspect|on systens can_be utilized for imaging chain

300. Two ofm’faB% detephion Wepis and epRlobed & Tewestionyt 4 variatogt Bpny canld digit al
tormosynt hesdtﬁrzel%ﬂltbgflﬁemsz&ﬂq@ %nﬁ&?a&%ha E&.% inthe art. Xr ay

| ami nogr aphy “géneral Ty consi s a scanfming X-ray source used in

conj unction w t hARe, ike fellovdag esibodinidnd hereintdivcised Bbubicthet theBegRsphhet he
x-rays fromthe source that are transmtted at various angles through an
Obj ect to 1 thensisisan Bprienisd horizaetably. Wilsrhiswerapaementss ﬁ»&tm@stmepw@mnq he
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d| st ance b@we@nembmeﬁmmﬁ mmpdefﬂﬁtfonowmlgeenmhﬁemﬁ the line defi ned by
the source and detector, with respect to _the focal plane, and other

factors. X-ray |RiTARESrRASEY NsReRfioRgyetre 1Y acagrdingatn anranhsisimaent afilol ved i n
ith l; hi t ,
erther a lh%%%ﬂy %f %@ghg‘&tgag ! 01'?12 OWCBEBBI?%Q &F }nségct{og s%tgm NQi,ng. many

x-ray | am nogra gl n I'ns ryarslcannl ng
X-ray tube imagingehxinridy thnlmpmresaamdMgE of apymaslcnfrahldbhe&t Qﬁder\mslp@bucﬁmr mal |y
rotat es in g%o%‘o%eberggt gn&?grg: 19 hgtglg}ulngg b? 2 fgchael} Plsa%gréghggd by the physical
characteristics of imaging chain 310, which may be optical or x-ray-based in nature.
Several different types of x-ray-based imaging chains which are currently
employed in inspection systems can be utilized for imaging chain 300. Two of the
more popular are based on x-ray laminography and digital tomosynthesis, both of
20  which are well-known in the art. X-ray laminography genérally consists of a
) scanning x-ray source used in conjunction with an x-ray detector that captures
multiple images of the x-rays from the source that are transmitted at various angles
through an object to be inspected: The plane at which the various paths between the
source and detector intersect is the focal plane determined by the imaging chain. The
25 depth of focus of the imaging chain is determined by the distance between the source
and detector, the angle of the line defined by the source and detector with respect to
the focal plane, and other factors.

X-ray laminography imaging chains may scan the object involved in either a

linear or rotary fashion. With respect to rotary scanning, many x-ray laminography




ray tube, but is positioned 180 degrees out of phase with the tqu.sfﬁ
X-ray canera then continuously captures the inmages through the 2004
scintillator. As a result, the same 5 general portion of the object under

i nspection is viewed by the canera froma constantly varying point of
view. The portion of the object under i nspection that renmains stationary
in view defines the focal plane. othg "l ayers" of the object nove
about within the field of view as a resuft of the tube and scintillator
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al  owi ng a taausAer WheoM AfrmRNl Yothe P fietsh B r@cie ana hge@hirestthabdnhgtne focal
pl ane. Digital tormsynt hesi-s works using a simlar principle of a noving ‘

X-ray sour ceefmbm\h@erosgméd 480 degreesequé of phage svithrtbe dehst lﬁle&rb)ycgn@mer a
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using a computer to generate an image of the porti on of the object under

i nspect i on térmtanklyesrwig boint ofreicwodalke nottimeofahie dbjagiungecrirapertidnthatRef erri ng
againto FIG 3 ni pul at or s, utiljzed transl at,e .and r.otate the
b ect - undere it RRATaR SonERETANOF (TGP BEe AL o et B2 PYRtot od

will lie 20mut Bhhtid 8le o bosrly a%'aat@ﬁﬂp(ﬁfth@ﬁﬂie%d%@ﬁhﬂat%%%ov@ﬁﬁnf)f such

a mani pul ator is advantageous over a -mechanismthat only provides
translatio nmusmgvthmageefof those laobrsefo tAppEes light @tbhama compeedsn thealhiages ofior e

Qf a portiop of the object .that, is of nt.ere be or d within_the
(Fheal P eithnetemerPtiv iR ah oAb aus fiin e lrBRhh P FEm G0 Bt Shmy  be
utilized asgep; éggwltgﬂ;@gqgca?yégne_For exanpl e, as shown in FIG 4, a hexapod
400, which is afso commonly known as a Stewart platform nay be utilized

in various enbodDrgitd sorodsynthiveis pregkenting avientar princiblb(dimm_cmﬁ@ X-3api cal |y

consi sts of a ba 430, a rei i ner 440 that heﬁﬂ} &e? obj ect uynder
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2004 -7- retainer 440 may lie within a focal plane 460 "defined by inmaging
chai n 3E0, ebweitisasmitied through the object under inspection. The various discrete 1mages

are then combined digitally using a computer to generate an image of the portion of
the object under inspection that lies within the focal plane of imaging chain 310.
Referring again to FIG. 3, a manipulator 320 is utilized to translate and rotate
the object under inspection so that a portion of the object to be inspected will lie
20  within the narrow focal plane of imaging chain 310. Use of such a manipulator is
) advantageous over a mechanism that only provides translational movement of the
object, as rotational movement aI'lows more of a porﬁon of the object that is of
interest to be oriented within the focal plane.
Many different adjustment mechanisms from the prior art may be utilized as
25  manipulator 320. For example, as shown in FIG. 4, a hexapod 400, which is also
- comumonly known as a Stewart platform, may be utilized in various embodiments 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 object held by




in FIG 4 by imge source 4.10 and .i mage detector 420. As is. known fromthe
prior art, actuators 450 can transl ate retai ner 440, and hence-t31eSEchjzgg,;
under |nspect| on, along any three orthogonal axes in three-dinmensional
space, as well as rotate retainer 5 440 about any of those axes, producing
a full six degrees of freedom of novement. Translation novenent parallel
to focal plane 460 allows different portions of the object under

i nspection to be viewed by imaging chain 310, vvhi | e transl ation

per pendi cul 4 r 1o ;be

i mged to ﬁgai 8‘11(8@[}/1% @nm agg‘?a%f’ 66?%%1%% ya]t §%}ﬁ éh%gz\l/gpn%%%g%h%gm t he
portion of ihFeGobheeha oﬂfcelﬂU%GSﬁqag@dcﬂ&:t@ﬂtlﬁ)neﬂs WiknbwinGeah 460 so
that nore of the object may be imaged at any particular time. *Q her
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provi de f et & EEE OBtiho ﬁ’éeﬁtm He- Bnené}?ﬂ)lfi RPEGEf |IBE?I EP %o0.
Speci fi gal I aﬁo%@mm%@é pﬂfd%ing%%unrsﬁ;rt%g@éels%@@eedoxﬁ%fmﬂ@m in any
direction, as well &s rotational orieéntation about two of three orthogonal
axes, coul (Trwlatrqnlreﬂm’mwﬂpamﬂelrtbddaaﬂmhns 469 allores diffezerttiportiotR@f theexanpl e, a

rrechanl smt i S. capabl e of .an nsl ation ee- d nensj onal novenent,
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enbodi mrents of the 20 present invention.” Such rotation is able
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rotational degrees of freedom necessary to the align a portion of
object to @bjezsumdespﬁpt@mnmamalﬁo botaplepicated faB0anipudiari@hal | vy, |f the
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axis parallel to focal plane 460, nay bé sufficient for inspection of that
t ype oi5 objmayement B sFRiIZOGAN, s well as rotational orientation about two of three

’_,,..-..H\;

orthogonal axes, could be implemented in embodiments of the invention. For
example, a mechanism that 1s capable of any translational three-dimensional
movement, as well as rotation about two orthogonal axes that are parallel to focal
plane 460 of imaging chain 310, is sufficient for the purposes of embodiments of the
20  present invention. Such rotation is able to compensate for warping and other
/ﬁ) anomalies of the object, such as in the case of a PCB. Alternately, a mechanism that
provides three-dimensional translation, and allows rotation about an axis parallel to
focal plane 460 and an axis perpendicular to focal plane 460, would also provide the
“rotational degrees of freedom necessary to the align a portion of the object to be
25  inspected within focal plane 460. Additionally, if the nature of the object under
inspection is such that any warp or other anomaly generally occurs in a specific
direction, a mechanism that allows translation in all three directions, plus provides
rotation about a single axis parallel to ‘focal plane 460, may be sufficient for

inspection of that type of object.




Furt hernore, depending on the nature of the object under inspection, it may
be possible to utilize a mechanismthat only translates the obj&ec} S{Ipogﬁ 4‘3”
axis perpendicular to the focal plane, along with sone rotating capaci Q/
In this instance, the portion of objgct that is to be inspected woul d have
to be sufficiently small so that the entire portion could fit within the
field of viEWwibermenggdegendingorabe.naturectflibe objest dndeninspedtiongitngag hai n

"ot at cBe BSRBRY o i 38REhsi et oply VBRistes fie, SB¥atF P anA nagi ng
chai n géfendicuner oo fdal plrie) aldir) With géﬁnel rgﬁdtilg.g Gééb}cﬁﬁ”ﬁl trﬁ&iﬁ%ﬂdhrmggts for

mani pul at or 320 descri bed above. For exanp A shows suc
enbodi WerRortign o ohjask gl dxtaloe inspeciad woulddavettn bersuffisigetiyssmati so4hst  and

el at o e PoRforEhia W BRI 81 ARG el e gk Croai nent s are
e ol L Lragl Lo pbeact o O o D of the.
human I9RREGHATT RN RS 4B /akes 8Rd rolelesby SmpuiRoEABE orbat thedscekmianaman

Stati oSy IR Bl R Al iR Wil e dolect Gihe 1o 880", S red to
det er nembodionentader panipuiatos320 deserites apmmeat ot dyaneple UFIGAGHA slgws Ng Syst em

> oor e BGedBh 838, & hesatod f60 AR BoR an g seircladar - o °
| nspecdndan iimagb eleksutor 920,ahué Atoviry 86 taskb@htedSiob! qlﬁ@e hggrﬁr??éléﬁor? {c?hgt her

.words, a "map" describing the topology or shape of ace o
" obj ectan 8bjsebupddNsERElONNOKBAGWAs Stichembogimentstate agivantageous for

repre i j : m ok Le,.a.laser

di st anc é@%rﬁ@%ﬁ%ﬁsﬁﬁ ’F’%E‘rahq@x%&%‘?%’%@ﬁ ageS%ﬂEﬁ%@Sc?bﬁﬁis’p% S

pur podergefdmatubie dbjedts.Clinspectioh a$ the humah ahatomg wol ARy bimefitfroact ed at
05 of the surface of an object, which in this case

an angl e, from prtion | |

is | O%A{CQ@%?WE’PBQG%%?Q%PU% ?qt&‘?\ctﬁ%ﬂd['H?él"kﬁymm@&lﬁ‘é@fmf%ifo{c ecL s
a fir t iaW ot d by canera 510. The conbi nation of the
posi t?%frtlﬁgfg ﬁ”gggﬁ’t'frgﬁﬁ'ogg[}?@%ﬁg%, the angle of the light fromlaser

| i ght sour déetgpungiagain ©shplést3, the infarnatiorsrequirad do deterpdse hoen of first
POt nanifGlRr SRS rhidf bR Yp2Phiellby £ SuR8ES WlppMg §Mem 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.
) ) Several methods of generating the surface representation of the objéct 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 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 that
that occupied by
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surface being illum nated.. If portion 505 of the surface being mapped is
instead |ocated at second vertical position 540, a second spot_ GQFPag%[ﬁ’
different position that that occupied by - 3 SEP 2004 -9 first spot 550,
woul d be detected by a camera 510, thus indicating a different height of
that portion of the surface being illum nated. Therefore, the position of

‘the spot s s generated by |l aser |ight soyirce 520 indicates the height for

that portion of the surface of the object. Illumnating various points of

t he surface.Qf abj r.l.nspection | I he j f.th
various poi fr;l Sé Séoﬁ%ts Eﬁvg }Iéa%{?i% %S?egg’c?e(fatg%e?na %le%ﬂ%’éolﬁ(fgg%tﬁg %?)@#e??ng%?l%ﬁ Bf t he
| aser | i ght taopéEien 92¢he satfafdbethd Niviigate@| Theraford)fise PRERSSET the kot det erm ne
t he hei ght of each | aser spot detected, may be perfornmed with the #aid of an

al gori t hm czawmtedby bser light Rowrse 82¢ wdpates theoheightdenbsnperopn of thepuogeanmed
to perform e nhecessar al cul.ations. Surf ace i ng system 330 (of
FQ5) ay e SPREE Bt eSEAE R obthe ERF S SR BRAPHRE R S
art. GCenerablowstheakighof BB QabusPifs 8R tileCitject €APEAASMInBd.CBBHUREt i on with
various |ight sources and optical sensors, are enployed to viewthe

surface of pésitioipgef thatater lighispece 530, dlongmvil tHegablations deddseargie angl es.
The resul ti i mges .fromthe.caneras are, then captured an rocessed by
woy of 1 s FOFHAT Do Ebpt i diE SR AR TRk be APFEir i Bechit AT Fon
required. AgdbtiihgRabdntrollen@uERRCcs LORAbL & Bicrcdhi-als, ﬁi‘%}%ﬂiﬁ&ﬁi’&ﬁ&mrﬁﬁo may
i nstead be provided by a focus mappi ng system Under that system an

opti.cal - orthrneespsdspseldulatons.ce and detector pair, or anal ogous structure,

(W etanae o v i b RS Sl BB oo RE 57 e o

i's nodifi e%h&@%ﬂnﬁleﬁi@é&s&&?ﬁéﬂ 188 pAbr ARNGEAErANPEpedide, Y bd mbRCoptiRer tion
of the surface being viéwed lies wthin the focal plane of the
sour ce/ det ewtmsras, pra¢onjunktion vath yeoioms lighteeurogk and optidadegisorspfretematloymt t i on

IR NE M L e I T T
of interestTirebiEnd Bh&sh froMlfle daRRPRGH: Bien ChMErAl dndWeoddiged by way of
15  hardware or software to generate the surface representation required. -
Additionally, the fimctionality 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




25 generation of the "map" required. Surface mapping system 330 may al so
take the formof a physical probing system In such a system each 0| nt
of interest to be measured is detected by a probe that nakes conBadtPviilh
the point of interest on the object. The di stance between the Obj ect and
the probe is nodified, possibly by novenent of the object via manipul ator 3
SEP 2004 - 10 320, unt|I t he probe nmakes Ocont act with the point of
interest. The relative Iocatl on of the probe and t he obj ect indi cat es the

hei ght of the %l?r‘cfﬁl And g lclon{acf)\{vh %eﬁécﬁﬁ‘{ of ible es?egl%e? I%tlfitlgfﬁtlg Oflﬁ net

over all p0|n At eres ace repres

obj ect to begrsies aidte obRPARIARE ehdiaFaSr asobiedtlat B it ofg#Elees t hat
all ow 5 back-pressure detection, may also be enployed in a simlar fashion,

as they nmayPtesecdingin this mannss pveunrdrpainistod intetestellowisthasutécairenresentation nt of

R FLG .3 | l.er 340 | th
oper at 1 on oft RERPIGT Gt esattad, Chartaice P S ol Ariehorfe b aoRe "
i nspect ed | bk pesdiid\ddibRichomal agbq;@%nqﬂoyéaagla@gnﬂmmo@%@ thegq{'lﬁyf Qél er 340

perfornms this function by using the surface representation hat is
gener at ed bysedue fateet whepmqmgm geﬁ leren38@et withithegromitod inthrestormthe object.

t | at I 11 t t f th b t th
bor t1on of "t he" oBPERTE B hlSke: B Al Erap SR LR P! TRAGEPEA 2D ar pose
al gori t hm cs@af the bﬁ[on o?ttﬁclﬂolgﬁcﬁo b6 YL RE lieLlvithREGE %dazggné FONRiRe MRY

be enpl oyed for contro |l er 340. Wth réspect to translati controlTer 340
may use t heclsum 3 bﬂ:eComp:rlhﬁ; 840 peifoms thes ﬁ;mctpnsbﬁ msmmg theeupfecd iepresedtatidre

bject to b ecte thin the fiel gln chai n 310.
(Gt v oliter Bab GBEGURA Y ety SASHAE SHUCTRAD S et T HOPECR R RIopa al | e
to the fOC%os&kcﬁl%d%tdu%ﬁﬂ'd}&n&'ﬁ%h%ffﬁ%@obﬁtéema@ﬁmﬁ&ﬁbﬁaf%% oy i!se the
surface representation to translate the object under 1nspectio
direction mtpe m;)ctubfémambetlmegefd)c&lgepd:rahpu@oset Agtrithhmc panttallen such bea

noeetet | ool B B P58l RS SHOLSBLL Sl 340,gh 0 com ol o Lhe
o e e T A O 5 e afaLes the
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 transiate 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 providés 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 pomts 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 mspected. Such a task is possible since any three points in space that do

not describe a single line necessarily define auunique plane. Controller 340 then




utilized in a multitude of ways to acconplish this task. For exanple, as
showmn in 25 FIG 6, at |least three points 610 on the surface of the gBj ect
under inspection, as identified by surface mappi ng system 330, cdub8Pb2004
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 poi nt1 in space that do not describe a
single line necessarily define a uniqué gl'ane. Controller 340 then - 3 SEP
2004 -11- calcul ates v or_ 640 nor to.plane 620, and ..nfor

mani pul at or RS veiton €4 R fiy A< Bip. o bt BRtpuGRr 2l bR bt a
to the focalpitapendfetBRGANE eRRNBAE? to Wi bE] PIEX ST IAGNPehAh 30D | nterest
630 fromtransl ating substantial'ty. As-a result, the rmaxi rum anount of the

portion of whide plsvesting pwileofiintsreettHlfroml thankiagngsulstantinhe Aoeaksit, theane.
Alternately, controller 340 nmay geperate such a vector, calculating a
Sroot h cur VRS e A TBLaY B) e et i e PRt e PR RSt r om
the surfsace,,fepresentation that reside near the portion of the object to

be inspected. Controller 340 would then use that vector in the same way as
descri bed above Abemetsty,cbntPoller 3d0immyl generateSA0h aMecioatly chkelating sot®tiof

using identified ints fromthe surface, representation that reside near
the porti orFuaYedtwgioas%_ %Wﬁ?fg%e;w@ﬁ%’@?éﬁe%ﬁ@d@elf{tseﬁﬁw e83Fecont r ol | er
340 to pr 0%%ﬂe¥ezﬁ£’a§dﬁ hYelide n@a@hﬁ&f;?xgi’raﬁggﬁ@ncgcg@&tté BinshEkted d€bnd@1gront r ol

mani pul at or 320 accurately, contro require” positioning
f eedback f r3gh wearld phuinatse thad 26ctbointhe carae wayde descnibaeé abdnes tpasntrolon and 15

(i D recanSieye Bhe ot Sher oL B Bl Sy
| nspection rgﬁ%_&'érﬂﬁt?dr%’thamﬁ@gn% tﬁ%@o%ﬂt&'f%e j%f&@ﬁ@'iﬁ%ée&@d‘hfag'b'eer 340.
40 may a ol t er

Control |l er SO contr operation-of t mal ni ng portions of
i nspect i on eaydowed 30ntmilec 241 togiropety pomntiomothe objethendeainspestiaal. enent s shown

1S 3,70 oy 25, des e sust, o Syatem hat, gl exon cach of the
conmponent s dobiRniff felBBEk HREImahPRBIAB20 to precisely determine the position and
15  orientation of the object undér 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

algonthmic controiler, such as a computer executing software appropriate to




chain 310, mani pul ator 320, surface mapping system 330, . and controller
340), provide an inage-based i nspection system capable of allow ng a user
to determine the 25 status or quality of the object under insp.eq} ﬁg 2004
assum ng the user can view the inmages captured by imaging chain :
Alternately, an interpreter 350 may be enployed to automatically interpret
the i mages captured by imging chain 31&}0 determ ne the status or
quality of the object under inspection. “A general -purpose algorithmc

control |l er,, such 0 ter_.executin of t war repri to 3 SEP 2004
-12- deter r‘?le%gn{rﬁgﬁ%?t&ﬁ‘ﬁg’? g'fe qqlleé:t’c%?yescel’% %alf/&e F {36@%5@ ?jn eé\r% %’gm er 350.
Qtherw se, sp&patedhbrRehrd pédwalify BRIShAE MRMnd\EsSBEBMbRIK] FRthe 390 be
enpl oyed in the sanme capacity. Alternately, controller 340 nay performsthe

functi ons depacity bédteairtali, ¢opirolleritddrprepesforgbie fisncwne desstibeeshovefior he
pr esent invetnti ngcf al so be described as a nethod 700 (fromFIG 7) of
i mage- base ' FREY on of an object. Method 700, as shown in FIG 7,

utilizes any i mageshesBfichfaNnObRMAt ilveatibe tADalsPBE daRtibbd & 4 ARtHR
optical- or x-ray-based detection, that defines a focal plane. First, a

part of th&08 (firéraddGo¥) vhigmagbibesdd inspebton nEyedhjed. Methopped a¢ shapn #10) .
Thi s mappi sl ep..gener at es 0 representation of the part of.the surface
of the obj B85 bR IEE e Res e DS B R PBLa e L SRSk F onal
orientation of phig RRph, Bht ddiRiel 6l PlaffiCrirst 4 AR of Aelsfmek 4Shag the

surface representation fromthe mapping step so that a portion of the
obj ect bei nhjectnspedhetctedes mappdti (step¥e 0F. o€lak mpipame stept ggpe@®B)a Final ly, the

. i f he j h | i.t hi he . f | pl is i
(550) | B ¢ e pivgh g et oT 265 HERGF AL M vt LRk S BEPPHS BB Cion of ¢ he
obj ect bei RgnijAsRREHEG ol Bn BRI RIRALNR ST thd6biERE ¢ IRRAN AR Merd he

imaging step may be inspected nmanually to determne the status or quality
of the por titenad afing ke abfaee refesengtion Specthednappilg semst tialg potionmétieod of

[ npect lon Y, L etprel ! e LIRS, SLOTIABLL YLD rdshelilne b he st At
posi ti on- akfefyyjdlq that MRY wWidhin B dodal bRAPELHtA38d %g&ﬁmsoy,awﬁ%é RRgHedep Or each
addi tional portion of the object to be inspected.
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 guality of that portion of the object (step 740). Furthermore,
20  the position-altering, imaging, and interpreting steps may' be repeated for each
) additional pdr:rion of the object to be inspected.
From the foregoing, the emnbodiments 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. Thei'efore, the present

invention is not to be limited to the specific forms so described and illustrated; the

invention is limited only by the claims.




From the foregoing, the enbodi ments of the invention discussed above have
been shown to provide an i mage-based i nspection system which all ows
relative translational and rotational novenent between a focal “pfa$EpP ofgpgn
| mage- based 25 inspection system and an object under inspection. In
addition, other specific systenms and nethods enbodying the invention are
al so p¥¥Ratds Elaimestisf ore, the present invention is not to be limted to
the specific fornms so described and illustrated; the inventionis |imted
only by the clains. 3 SEP 2004 What is Clained is: 1. An inmage-based

i nspectli on Ayditraigefsasdoninpesdtiondsyaternibeibbpe@fgan 8bfedt, coffiding:or | magi ng
a portion of the-object, the imgi ng means defining a focal plane in which
st he porti onM§aNEHer KRaGiPY sbetiopeofgbeiatieaictne imaging: meapstiefiningyadoesl  t he s

ob ect PR RWHEN o PRAAROlTIE ShIBRALE bR B0 onHA ohvet hERB&T bWon of

t he objhectmagingreeams piaet iethging ahears entfatingoaralimabends. thegssttioh f tHBPPI Ng
at Ieaséj a part of the surface of the object, the nmapping neans generating
a repr@¥8Abation of the part of the surface of the object; and rmeans for

control I'i ngpdcap i A4l LAR- ' X i )
represent at'iﬁg% gggfﬁgégy'}%fﬂ't é sur g@g %lé@%%d}%@g?@gg&ttﬂgt&%é tBort I on
of t heb@kl)spectedisilatiye todpedocal plares substantially within the focal plane.

gz)bs;r[] ?ohnglglﬁ'ggﬁrﬁiggr h@a}ﬁa‘iﬁiéﬁ%eﬁ}g%%gﬁg l g“:‘“%% é\{h r eéﬁﬁg{?ﬁﬁetm%l?ﬁipgt i onal
and r omeaneReherBigta psprebentatien @biRChart of e shIRRCIAAe o’b;]ecT%d mage- based

Jnspection systemof claim1l wherein the position-alteri means
“conpri ses nB&ABS{EF cpakoling hereparation oftbe Nasdicn-aliering megnsonsing gbei t i on

of t fys-tel I L TRges i Chi f.claim.1,
furt hg‘r% ptlr:orrprt’?lgl)dr:g meaFr)fé]rt ]p gp% éa"lljt om@%ﬁ?ﬂﬁgﬁﬁﬁeﬁgf&$ﬁé&@ﬁe&itﬂéé)@]?‘%tom t he
i magi nging imspeactediizsesubstantidlly witkdin tise forfal plameporti on of the object being
I nspect ed.

2. The image-based inspection system of claim 1, wherein the position-altering

means comprises means for manipulating the translational and rotational position of

the object to be inspected.

3. The image-based inspection system of claim 1, wherein the position-altering
means comprises means for manipulating the translational and rotational position of
the imaging means,

4. The image-based inspection system of claim 1, further comprising means for
automatically interpreting the image from the imaging means to determine the status
of the portion of the object being inspected.

5. An image-based inspection system for inspecting an object, comprising:

an imaging chain configured to generate an image of a portion of the object,
the imaging chain defining a focal plane in which the portion of the object must be
positioned in order to be imaged by the imaging chain;

a manipulator configured to alter the translational and rotational position of the
object being inspected relative to the focal plane;

13




- 5. An image-based inspection systemfor inspecting an object, conprising: .
an imaging chain configured to generate an inmage of a portion of 3t BEP 2004
object, the inmaging chain defining a focal plane in which the portion ouf
t he object nmust be positioned in order to be imged by the imaging chain;
a mani pul ator configured to alter the translational and rotational position
of the obj @&Uﬁﬁéﬁrﬁgﬁmmaaé&s@m Fenfigured te marhat ieastparpbhine surtace @ERe2004 a

sur f acgpERPRhA % HERE j t. | t of, the surface of
the o Fject’, t8 ﬁse surf@gégwgpgﬁgﬂlsgg?éeﬁﬂa n%(%@%ESR%E'%’@&%%&’?%io(gﬁﬁ%f t he
part o$urface okthefabjectpénd he object; and a controller configured to control
t he operatign ma using the representation of the part of

of ilhe @ilpul tor ﬁ . )
t he surf ace@fONHRUEL GPREgUred toreantigl dhawinaratior of thg reapipulatoryesing the
| nspeciepfeddrati i b /P f 1R d ed
i ns pec{ﬁn _syst%ag?@;?éa'?ﬂ ?%\A%%dg é\%ﬁeﬁ@n@gﬁran%%gﬁgeFRO%@ gr%(;{ﬁ g?ﬁ%ﬁ
opt i calPeipgdrgpaciedliesysulbetantially, withie therfapal pesed i nspection system of clai m
5, wherein the inmaging chain conprises an ultraviolet-radiation-based
i magi ng chain. 8. The inage-based inspection systemof claimb5, wherein the

| magi g, chalhe ivagRized MepbHIrAEAstoRn P GIAIFRS! Wheibi the fnadilf chain
i mge- based i nspection systemof claim$5, wherein the inmaging chaln

conpr | S¥BPHSeRARAPHER-RRsSddMagIng ehpivhai n. 10. The i mage- based i nspection
systemof claim5, wherein the inmging chain conprises an x-ray-based

i mgi ng chain. 11. The inmage-based inspection system of claim 10, wherein
t he x-f.ay- bHsedmagedgised inspectiorospstesesf lalirgb] athereMOMENiMasihg dHERYI NY
.system 12. The i e-based | nspection system of claim 10, wheréin the

L r ay-FERRIECS %B{{P 'Cﬂﬁ%ﬁaﬁ"ﬂimpt?a%e@smm' £33N} ani nogr aphy i magi ng chai n.
13. The i mage- based inspection systemof claim 12, wherein the x-ray-

| am nograph_ly i magi n% chain scans the object in a |linear manner.

8. he image-based inspection system of claim 5, wherein the imaging chain

comprises an infrared-based imaging chain.

9. The image-based inspection system of claim 5, wherein the imaging chain
comprises a gamma-ray-based imaging chain.

10.  The image-based inspection system of claim 5, wherein the imaging chain
comprises an x-ray-based imaging chain.

] ) 11. The image-based inspection system of claim 10, wherein the x-ray-based
imaging chain comprises a digital tomosynthesis imaging system.

12. The image-based inspection system of claim 10, wherein the x-ray-based
imaging chain comprises an x-ray laminography imaging chain.

13.  The image-based inspection system of claim 12, wherein the x-ray-
laminography imaging chain scans the object in a linear manner.

14.  The image-based inspection system of claim 12, wherein the x-ray
laminography imaging chain scans the object in a rotational manner.

14




14. The i mage-based inspection system.of claim 12, wherein the x-ray
| am nography imagi ng chain scans the object in a rotational nmanner. 14 3

SEP 2004 15. The inmge-based inspection system of claim 14, m/g,eg(egg;a tiﬂﬁ
x-ray |am nography inmaging chain conprises: a rotary scanning X-ray lbe
configured o source the x-rays; and a rotary scintillator and canera
configured to detect the x-rays fromthe scanning x-ray tube. 16. The

| mage- hgsed Thas ekt St Gl al ergein the manipul gtor is
configured to tran??gghg%gndﬁ%%gtoé %ez%j g(let 5'%?5' 1%e%?'ﬁé§8- glageé-ray

i nspeclandnogiaphyrimeging ehain Eomgirisesi n t he mani pulator is configured to
translate a e t.he i naqi chain. 18. The i nmage-based inspection
system of cﬁngﬂ%%WPQP‘HWﬁBQ%ﬁﬂP@H@@&S%Eﬂ@ﬂheg@r@ya; #gkapod. 19. The

i mage- basedai RAGGCELIPNIAYS LA 0k | BB g |_pylsa

conprises an adj@ﬁgt ment nmechani sﬁégnﬁrgﬁrue ttg g‘?%@fé'i@p# g#’?l hﬁh}ﬁh%f t he
obj ect SCEINUMG XAy IWie.t hree orthogonal axes, as well as rotation of the

obj ect about any two orthogonal axes parallel to the focal plane. 20. The
I mage- based i nspection systemof claimb5, wherein the manipul at or

conpri t&s afhadmagtryasedTRepasticrnsysehi odsini 8, Wf‘[@féﬂe‘tﬁe’ ﬁ&%ﬁgﬁhé@? igf the
obj ect ] on ny of three orthogonal axes, as well as rotation of the

obj ectccﬁﬁ'@b'fg%ﬁ) éﬁmﬂate@%fqtéieﬂ'@ QbiRClf ocal pl ane, and about an axis normal
to the focal plane. 21. The i nmmge-based i nspection system of claimb5,
wherein the mani pul ator conprises an adjustnent nmechani smconfigured to

provi d¥’-t r aH® dmiage-hasetihinspegtiont systeonof aimos, WheesinohehaERRIRoRXES, as
~wel | . | the opject about an axis parallel to the focal plane.
5 Tﬂ%ﬁlﬁé@%@%&%&sl?@ﬁgﬂﬁgﬁ tg?é’i”@ﬁi"&fc Ihi m 5, wherein the surface
mappi ng system conprises a |laser distance sensing system 15
18. The image-based inspection system of claim 5, wherein the manipulator
comprises a hexapod.

19.  The image-based inspection system of claim 5, wherein the manipulator
comprises an adjustment mechanism  configured to provide translation of the object
along any of three orthogonal axes, as well as rotation of the object about any two
orthogonal axes parallel to the focal plane.

20. The image-based inspection system of claim 5, wherein the manipuiator
: ) comprises an adjustment mechanism configured to provide translation of the object
' along any of three orthogonal axes, as well as rotation of the object about an axis
parallel to the focal plane, and about an axis normal to the focal plane.

21, The image-based inspection system of claim 5, wherein the manipulator
comprises an adjustment mechanism configured to provide translation of the object
along any of three orthogonala axes, as well as rotation of the object about an axis
parallel to the focal plane.

22.  The image-based inspection system of claim 5, wherein the surface mapping
system comprises a [aser distance sensing system.
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3 'SEP 2004 23. The inmage-based i nspection systemof claim5, wherein the
surface mapping system conprises a photogrametry system 16 24. The

I mage- based i nspection systemof claimb5, wherein the surfacecngpg{p]gz 04
system conpri ses a physical probing system 25. The inmage-based i nspecat i'on
systemof claim5, wherein the surface mapping system conprises a focus
mappi ng system 26. The i mage-based i nspection systemof claimb5, wherein

the copsrol TRe imagBMase8SnSp ST fd d a vect or nor nmal
to the portion of gt he obj ipct E%i r}gi?rﬁnggedﬁ%gb‘g@gﬁeq@gﬁé%Q%BF%%E‘%%E%i bed
by at $¥HEm qaippiisaseapbgtogrmmetrysystém. surface of the object identified by
the surface mappi ng system 27. The inmage-based inspection systemof claim

5, wherein the controller conprises a corfputer configured to generate a

vect or2or nehe ﬁma?%aséd tih§ibctibntdy8terd Rif R4imPs!| \E}ﬁe}é?ﬁ m?%%ﬁﬂ‘a@?iﬁ%)rp?r?g]g

snmoot h_curved surface described by a plurality o near bypor n

sur f acySHMAERIISEs A Phhyriea!iprokingisystew surface mappi ng system 28. The
| mage- based i nspection systemof claimb5, further conprising an
interpreter configured to automatically interpret the inage fromthe

i magi rp.chaltre tmagetbasedimepdotion siystens o ldies, 0Rh&@in B Erféw%gﬁﬁ’ge 29.
The in@g - based jnspefction system of claim 28, wherein the I nterpreter
conpri 4 cogmsiseaa @8H$f’€ﬁﬁh§@ﬁ¥ﬁtﬂmerpret the i mage generated by the

i magi ng chain. 30. A nethod of inage-based inspection of an object, a
portion of the object to be inspected being required to lie within a focal
pl ane 86n orldwr imageebasesydnispadionmeysteth afofiimsiSIOwWheesRi e Honhehst 2

f he. obj ect, th i i
Depr o ontrfesE sBhierAOlS e achraiEe SeCRn@opRLE thppEh a6tE SEP
2004 abjentibeing mepbrRasbascOOR tha PhreodedcriBBalbyPasichsPhred nblfby BhiRE bei ng

| nspect eﬂ o -
on the surface of the object identified by the surface mapping system.

27. The image-based inspection system of claim 5, wherein the controller
comprises a computer configured to generate a vector normal to the portion of the
object being inspected based on a smooth curved surface described by a plurality of
nearbypoints on the surface of the object identified by the surface mapping system.

28. The image-based inspection system of claim 5, further cofnprising an
interpreter configured to automatically interpret the image from the imaging chain to
) determine the status of the object being inspected.

29. The image-based inspection system of claim 28, wherein the interpreter

comprises a computer configured to interpret the image generated by the imaging
chain.

30. A method of image-based inspection of an object, a portion of the object to be
inspected being required to lie within a focal plane in order to be imaged, the method
comprising:

mapping at least a part of the surface of the object, the mapping step
generating a representation of the part of the surface of the object mapped;
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relative to the focal plane so that the portion of the object ,bei n%
inspected lies within the focal plane, the position-altering ste®tbei20R)
based on the representation of the part of the surface of the object
mapped; and inmaging the portion of the object that lies within the focal

pl ane, the I@H&ﬂl ”?gq ?tegqﬁgne ati ng an i mage of the portion of the object
bei ng i nspe8liEdNY e rpRsiatignalang rotianah pasitiom ef tenobjest peingt inspeeteder i ng
step CesTRA d Ryl 'ﬁbgﬁhta i e ' |, posi ti.on of

t he obj ect'.ég'?h Thebﬁgitaﬁ_% 0 Eﬁ'aél E?@%haévmg?Z)lbh&{eﬂ)gﬁ'&&%bgg%da{‘%lse\ﬁmﬂ step
](c:orrplri foogh plane, dhe r@s:}tlmg-algmirfg gaiepg%m‘hg amﬁumram@m@br_eseﬁtjetibﬁrbfqﬁe_t he
oca . e_pet clain , further conprising interpreting
autona?%@;q?f[r}ég'ﬁgg@? Hﬂ@g qcb’% PARPE ng step to determne the status of

t he porti oninedgibeheicetdn bet [ L1RG. wilk : OSURE
| NAGE- BASED | NgSII?QIéCTI ( S\PSTEMH? ﬁ%[%%f“%‘é I%(%S‘P"%"I? 'NP%?E%E%%@L

NON- PLARBIEnSMinGan imagg of thespertiopof dme 0Bjeo) béing inspambad.i ng obj ect s

utilizes an imaging chain (310) that defines a focal plane, a manipul ator
(320) for translating and rotating either the object under inspection or

the i ndibi ngTledanmetiiGd 00, ofaisurdtc wharsini fts SYSiIRER-akSdY étaﬁt ceﬁ@ﬁééé es a
repr esent atlagn of t e of the object under inspection, an a

he ?urfa ) C1 [
cont r JPEBPY mthﬁﬁéﬂnﬁﬂ@é‘afﬁ@d FeigtieralRasitiasrofdhe obieatur f ace of the obj ect

to control the mani pulator (320) so that a portion of the object under
inspection |lies within the focal plane of the imaging chain (310). FIG 3
32, The method of claim 30, wherein the position-altering step comprises

) manipulating the translational and rotational position of the focal plane.

33. The method of claim 30, further comprising interpreting automatically the

image from the imaging step to determine the status of the portion of the object being
inspected.

A
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