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MACHINE VISHON SYSTEMFORFHRER-DIMENSIONAINMIEFROLOGY

benefit of U S. Provisional Application nunber

60ARD. INSPECTHONANIYER ISEMIOUN B UCTOR TNDUSIRY

netrol ogy and inspection for the sem conductor

i ndustry”, which is also incorporated in its entirety

by this reference. TECHNI CAL FI ELD [ 0002] This

i nventi | Ig&on
frerd, SROTSRETERGEIPRACATED REELIGRLIONS U e
machi ne vi sion syst.emfor, t hree-di nensi.onal netrol.ogy

100015 | nCpEARRNG AR (R CHUTHIEIOPAT i G, ARRIGHEN
machi ne vision field. BACKGROUND [00Q03] In 1976

PCT Ug00f\0eap3aniledinmi daaen2mos andentitled cLighging Syksystem for a
System for Extracting Three-Di nensi onal Measur enent ]

MachirreoViisinSSystemm” Pavhichofs ifitorpenatedgn itstendirety by lthis nefdirence. This
was published in Conmputer G aphics and | mage

applidatioae 301 cldimsl Ofhe? Tbnefi® 78§ , Ui Poovisipnaht Agplicatidrs number
entirety by this reference. Through a conplex series

60,735 778ARY BINovebet do3NanBBAtgad "‘?Daﬁlleﬁt@logwﬁnd inspection for
ar

t'icl edi scl oses the cal cul ati on of an exact position

the s%ic%?ﬁ gcﬁ'%ﬁ%sftwg ', X bR Mgt BRobitatid $8tits e]ptigﬁty by this

umber

Iangu ree di nensiondl position o
obéect.
reference.
TECHNICAL FIELD
[0002] This invention relates generally to the machine vision field, and more

specifically to new and useful system machine vision system for three-dimensional

metrology and inspection in the semiconductor industry of the machine vision field.

BACKGROUND
[0003] In 1976, Yakimovsky and Cunningham wrote an article entitled "A
System for Extracting Three-Dimensional Measurement from a Stereo Pair of TV
Cameras". The article, which was published in Computer Graphics and Image
Processing 7, 195-210 (1978), is incorporated in its entirety by this reference.

Through a complex series of modeling, calculation, and calibration, the article



[0004] U.S. Patent No. 6,101,455, which is
incorporated in its entirety by this reference, was
w0 es®aeshosh 08 August 2000 to M chael S. Davi s, PONESmWN6/044040

the teachers of one of the inventors of the present

i nvention. The '455 patent, which references the

Yaki novsky and Cunni ngham article, discloses an

automatic calibration of the canmeras within a system
disclobBe thetbflcationt oflhs wxasepositivaaiintaghecdreta, iwlith deslitates the

calibrating the caneras to a common coordinate frane
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ne the positions of the cameras using a vector
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Yakimiexsky eandirfiunningbae artielei séselose; ar | BEematice celifyragion of the
three caneras. The ' 756 patent discloses, however, the
camettse withit r 4 asygtemt The {455 phtantadisclseh reededinigne i ibak| includes
position of the ball of a ball array device with

calibragih@rgecearhera ¥ ecebua@t edoatihater frainenand ameyirgndn object a
di scl oses neither the cal cul ati on of the exact

knowRORIdthRNAREaRRC fo R FinRAthel SitbRL 6f the can@uad kg a vector
of the three dinensional position of the ball of a
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bunps, pads) of _rapidl i Ny Ti . . .
[0005] P IfS. Pa)ltent No. I%I,o6z¥,75 ,V\Jvﬂl%hsise rlrrllgo%ggllfja&te inSfs entirety by this

reference, was issued on 16 May 2000 and is currently assigned to Scanner
Technologies Corporation. The “756 patent discloses a three dimensional inspection
apparatus for ball array devices and, in one embodiment, discloses the use of three
cameras. The ‘756 patent discloses, however, the use of triangulation to calculate a
three dimensional position of the ball of a ball array device with reference to a pre-
calculated calibration plane, and discloses neither the calculation of the exact
position of each camera nor the direct triangulation of the three dimensional position
of the ball of a ball array device.

[0006] The conventional techniques in the art, while suitable for certain
applications, are not suitable for the accurate metrology of the body and connecting
terminals (leads, ball grids, bumps, pads) of rapidly moving semiconductor or

packaged electronic components in various manufacturing stages. The conventional



packaged el ectroni ¢ conponents in various
manuf acturi ng stages. The conventional techni ques are
W@ ovplosoosdt suitable for the inspection in sucPCT/US2006/044040
confined environnents of deformation of the connection
termnals in the sem conductor or packaged el ectronic
conponents. In these environnents, the errors
i ntroduced by the conventional techniques in the art,
technilopodsiede simpht hotssuitdlde fomthednspecticnaimssatthgonfaredosnvironments
and therefore inherently unpredictable, fluctuations
of déferrhfeoneststhie PonheetiPRrtetminalaria sysisemitorcdtoorior packaged
(caused by an unknown but nonrandom fluctuation).

electl{()gi)@?don{ﬁbﬁenté hepethésea eﬁ@ﬁgniﬂénhh etHER i one \ihﬁ“baﬁced by the
field to create an |n'prove machi ne vi si on system t hat

conv rﬁﬂﬂﬁ?steﬁﬁ‘x?i%@l?‘l he tﬂﬁjc @tgegﬁfﬁ Cst?t]'igtﬂfa? éI?OI‘ (caused by
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stenl Rl EF DESCRIPTI EH FI GURE 0008] FI GURE
aPP‘:“i'a r%’ﬁ?‘é’@?‘}}% ek, ‘fHbBR g’yu W r WLKIEPWR L lgygpgmndom

of the preferred enbodinent. [0009] FIGURE 2 is a
fluctyséiospect i ve view, |ooking upward, of the Iighting

subsystem of the preferred enbodi nent. [0010] FI GURE 3
[0007]s a s@hasgithere ispmese i dhé oraching visionomelddil areatefant improved

preferred enbodi nent. [0011] FIGURE 4 is a perspective
mach¥ié Wisido systam dawvrsdiichs e dthigstsosd had syktdnigti® etiogs te become

enbodi nent . DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

sultaﬁlggf@ lthd 'iﬁréeoﬂirﬁé‘ﬁéignﬂeﬁl%fﬂo%gyoﬁn& findRtiBhefre e Semiconductor

di nents of
industry. This invention provides such improved machine vision system.

BRIEF DESCRIPTION OF THE FIGURES

[0008] FIGURE 1 is a perspective view, looking upward, of the system of the
preferred embodiment.
[0009] FIGURE 2 is a perspective view, looking upward, of the lighting

subsystem of the preferred embodiment.

[0010] FIGURE 3 is a schematic representation of the controller of the
preferred embodiment.
[0011] FIGURE 4 is a perspective view, looking downward, of the system of

the preferred embodiment.



invention is not intended to limt the invention to
these preferred enbodi nents, but rather to enable any
w@engomoskilled in the art to make and use t hi BCT/US2006/044040
i nvention. [0013] As shown in FIGURES | and 2, the
systemio of the preferred enbodi nent includes a
structural subsystem 20 to provide both a stable
platform and vibration isolation, a canera subsystem
30 to capture the inmage of a noving object when the
object noves into a viewing area, a lighting subsystem
50 to iDESCRIPTHON O THE PRBFERREBEMBOMIMENTISer t o
sel ectively activate the canera subsystem 30 and the

[0012]i ght i Tﬂes?&mhgmdégcﬁﬂi&ﬁ | opv tﬁ@sg’fé@fﬂeﬁn edtbddifhents of the
reflectance of conplex ‘objects under different
invengﬁ))ﬂ% tn'og ﬂ?’fenagﬁ +§ Yitkif e BhRaEioRGE thahe fegf%ﬁéa Ie¥nbodi¥nents, but
esi gne or ITlum nating and capturi € i mage of a
Vi ng.,object. sugh,as.the copnectingtermnals (e.9.,
rathef T erirbIg ahy erscisiddin de e i ik pigaffedhBpTsnfiad
conponents, in a mapnufacturing facility. The system 10
[0013}ny, hAsesownpl JIGWRIES 1 janed ﬁatti‘eaﬁéﬁt%@ptlgrg% the preferred
i mage of any suitable noving or non-noving object.
embogdimeny inuhedes awiructaral subsystewnz@do dffromd@gb@félf arstale platform
enbodi nent functions to provide a stable platformfor
and vibeatioal olatryescdmerd sgbsystarhesoc toreaphuseliby SheEge3df a moving
and the lighting subsystem 50, and al so to provide
object sAhéii ithe sHjeétherBRBEINMEo Sl RstFingnaRe, anlightiagl shdystem 50 to
subsystem 50 fromvi bration. The structural subsystem

illumié%g%’ée?gﬁéﬁggyobj@&, uded RRoRNBIEE 4bCselctielly aa_c@igﬁﬁa the camera

e enclosure 22 functions to provide a

subsyS R LEAY Phd BEAGRONIRSI AR 014 oD AR MordHAe reflectance

e sta erapnly e encl osur

22.1s pl aced or nted to,.t.he hani.cal strugture of.
of corp i APioEE WaderARHHER: eatioRs oFes PEotihnig fos fubhagteitically
. the sem conduct or ¢orpackaged el ectropi c conmponents.
designgq é%ﬁlummayl,ngt 2l GROTB ST etmaga oha PPREgPRIect, such as the

connecting terminals (e.g., leads, ball grids, and pads) of packaged electronic

components in a manufacturing facility. The system 10 may, however, be used to
illuminate and capture the image of any suitable moving or non-moving object.

[0014] The structural subsystem 20 of the preferred embodiment functions to
provide a stable platform for the relative positioning of the camera subsystem 30 and
the lighting subsystem 50, and also to provide isolation of the camera subsystem 30
and the light subsystem 50 from vibration. The structural subsystem 20 preferably
includes an enclosure 22 and a back plate 24. The enclosure 22 functions to provide a
relatively rigid connection to the ground or other suitable stable structure.
Preferably, the enclosure 22 is placed or mounted to the mechanical structure of a

machine that manufactures, inspects, and/or packages the semiconductor or



nmounted in any suitable | ocation and to any suitable
devi ce or structure. The back plate 24 functions to
w@e@vios®sa rel atively rigid connecti on bet weenP€TES2006/044040

camera subsystem 30 and the |ighting subsystem 50, and

a relatively conpliant connection between the

encl osure 22 and the conbi nation of the canera

subsystem 30 and the |ighting subsystem 50. The back
packagedtede@ronis qomepenatis.yAltexhativelyh dhe englmsyee anonay die placed or

alum num which is lowin weight and high in thermal

mourted dhl Ginyvdutitabld hseabiogharides el saitablecdévied wr etruchiere. The back
back plate 24 pronotes heat transfer fromthe canera

plate SUPFHREEMS o Mivide FRYLIAERRY Wisid EOMRQNHHE bEFI&n ithé Ramera

the system The back plate 24 is preferably suspended

subs;%ﬁagﬂil %aﬁ@ thé Tig}lgﬁg rs‘flb%}zﬁgmsé@ REREA lelejl?irv%éd?m)ﬁant connection

S a sin onnect i ng” gl ane,
lternatively jnclude an t her nti_ng e r

betwi feadleloiiied 20014 Mttt TR MRS ehl po gnd the
.,..distortion isqlatio et ween th ck ate and the .
lightiga SHES(HAN 55 RedACK IR e LA AAds PEY S favge anodized

fromuvibration, nounting distortion, and other sources _.
alumigring, pieh jin dpwa e sweight aaduhighy infthepmal gonduetivity. The high

thereby facilitating the use of the system 10 for the
thermal rcoadiuntividy @f dhe rheick gilatgy24 paoinetgsebedtaransfer firom the camera

sem conductor industry. [0015] The canera subsystem 30

subsyster [3®, vldtk nigdotdraticnianiodush iectoriiatorthengigterho Thdack plate
back plate 24 of the structural subsystem 20,

24 is ?%féﬁdbgmmna@ata}gaﬁast A5 enassure! The E‘i‘j’é_l’déﬂgicﬁpjn%?éraWﬁcludes
he obj'ect 'noves into a view ng area. The caneras are

sl 655 L B Y S 81 BB MR mcthods
or AGRE B BRHE SR YERAgPe s rGEER, Fpfion slaion
betwejerrllft rerg%tckop a’ganarE %herrgr\llch(r)]sgurg.b ’JI'ﬁg 1iso ation of the gellmera subsystem 30
from vibration, mounting distortion, and other sources of errors increases the
accuracy of the system, thereby facilitating the use of the system 10 for the three-
dimensional metrology and inspection in the semiconductor industry.

[0015] The camera subsystem 30 of the preferred embodiment, which is
mounted to the back plate 24 of the structural subsystem 20, functions to capture the
image of a moving object when the object moves into a viewing area. The cameras are
preferably rigidly mounted so that if and when they vibrate, they all vibrate together.
Preferably, the camera subsystem 30 includes a first camera 32, a second camera 34,
and a third camera 36 to provide information on the moving object from several
angles. The camera subsystem 30 may, however, include any suitable number of

cameras to provide information on the moving object from several angles. Each



angl es. The canera subsystem 30 may, however, i ncl ude
any suitable nunber of caneras to provide information
Wo@eors08DVi ng obj ect from several angl es. EacPCHDE2086/044040

is preferably a CCD-type canera with a resolution of
at |least 4MPixels at 12- bit grayscale and a field of
view of at |east 50 nm by 50 nm Each canera may,
however, be any suitable type of image capturing

camegreis preferably aﬁé&@p%@ﬂmenaesibh at iesoludionh @frat leastt4ViPixels at 12-
field of view The caneras are preferably

bit gmyseai¢ mndad tfieldiof aige bfratlleastvsd hemaby ¢oj #ah. Eack kémera may,
viewi ng field and each canmera preferably has a uni que

howevérs WenGyasidtadl® typ6f ik Aghai @ devie vitH A8} suitable resolution
variation, the first canera 32 and the second canera

and Eﬁfh& ALeUE Ay lo? W&V 2PHE aﬁ%%&%%&élﬁ%&f%&??m&ﬁ%r@ﬁ{l% grranged

at are conplinentary (e.g.,
L hi c . perpendi cul ar vi ew .
relatiff b S SSREEERES ARk B aBACRL AT u s PrortisBll il asumique
. .are radial,ly spaced an equ anouynt, abqut _.a Z axi s
viewifg 3peft BE e v RE R EanD: &St RRHRLOR fhoni it g eera 32 and the
ame view ng angI% (e.g., 750) to the Z axis. [0016]
Secon%h sapmerar 3 nakateiabbi have eenteecand neblzisenwiewing ranges that are
of an obj ect based on the use of captured inages of a
compéipregitaryt i(eg.,i 06f amad 1205k whilee e rthindr epmeaaeprefaablys has a
in a synmmetrical arrangement facilitates a dramatic

perpendididas &idwinghanglec (ifedC Yoy din' apsedonldl Mhtixtioh, thE€ cameras are
system 10, based on the reduction in both statistical

radia%f] %cg??ﬁ%f%l Qﬁélﬂﬁ%t 2,5 f%gf, BhE fArHRGEE Pﬁljngras), while all

uctuations 1In neasur enen

. apparatus) and systematig.err,or,(caused by an unknown
hawngﬁﬁeﬁ%rﬁp Wﬁ‘ﬁ?&a&?%ﬁo%ﬁ%@ of captured i mages

of a single tine instance prevents any novenent or
[0016}; br at The dterminasisineef the dhresadinensianal metralegntof an object

reduction in the accuracy of the system The use of a
basedsymriae nise af capiiaag émeges bBadingle time instance from three (or more)
camera pairs in a symmetrical arrangement facilitates a dramatic increase in the
accuracy and repeatability of the system 10, based on the reduction in both statistical
error (caused by random, and therefore inherently unpredictable, fluctuations in the
measurement apparatus) and systematic error (caused by an unknown but
nonrandom fluctuation). The use of captured images of a single time instance
prevents any movement or vibration of the object from causing a significant
reduction in the accuracy of the system. The use of a symmetrical arrangement tends
to cancel, or at least reduce, the systematic error (such as the slight movement of one
camera after calibration) because errors from opposing camera pairs cancel. The use

of three (or more) cameras pairs tends to cancel, or at least reduce, the statistical

error because of the determination of the three-dimensional metrology of an object



to cancel, or at |east reduce, the systematic error
(such as the slight novenent of one canera after
w@ 2007l05%53 on) because errors from opposi ng canRCHURRADGE/614040

cancel. The use of three (or nore) caneras pairs tends
to cancel, or at |east reduce, the statistical error
because of the determ nation of the three-di nensi onal
nmetrol ogy of an objectcan be cal culated three or nore

can bé cateslats] thyee op mevcatimpks nsinge fdraixhovplegihefoBewirgrdirae camera
pairs: C and C2; d and C3; and C2 and C3. The three

pairs:0€i 8hAIEBICOAd (TR Endes anda0B Bhe dliee dasrmmatiopisaaett these
(or otherwi se statistically analyzed in any suitable

camefggggﬁé JeahObé ia%fafg'e&ag)tr't c%tg&:g‘?igﬁ Sstitidtidally i&fi’ély%d P4 any suitable

sed by random™ an re inherently

mann PP AL Gy, bR R o GRS OB, vt
e Sl i B BB TSR L AR St 11,

conpactness of ,the system 10 and to facilitate ]
[00178ar 1 oA #howRei RIGKIRE: de et syHems 10 of tbanpieteraed gapodiment
the second canera 34. Preferably, the mrror assenbly
may algo inmdudelesnirréy astenmbly rqor. The mivaor epsanehlyl 40 fianettonse allow
view of the first canera 32, and a second mrror 44
comphttaesopf tleasysyerholadand he fadiBiste fpartienlae vievdngamgles the first
The mirror can be placed between the |l ens and the

camefP3Lahd 3he SBOMY chefd84 . PrefdthbEathd thiPlozGeSerBBlvge includes a
the canera and the lens. [0018] As shown in FIGURES 1

first @E&gog ot ﬁﬁtldﬁ%ﬁlggfofd‘sbwﬁ%ﬁm °P tRE i€ cRhRES r§2§ d«mdt a second

odi'ment functions to 1llumnate the noving objec

. i h . i . bt _
i 0 OB 55U 278 s Eek B PR e can be
placed et S8 enR R T e O Fhet M M L8 e placed

second light group 54 with [ight sources ained toward
betweendhe camperyand dhe lens.

[0018] As shown in FIGURES 1 and 2, the lighting subsystem 50 of the
preferred embodiment functions to illuminate the moving object with short pulses of
intense light. The lighting subsystem 50 preferably includes a first light group 52
with light sources aimed toward the viewing area along the viewing angle of the first
camera 32, a second light group 54 with light sources aimed toward the viewing area
along the viewing angle of the second camera 34, and a third light group 56 with light
sources aimed toward the viewing area along the viewing angle of a third camera 36.
Additional lighting, either direct or indirect, may be provided (as shown in FIGURE
4). Preferably, the lighting subsystem 50 is mounted on a structural member 58 with
a trapezoidal shape and the camera subsystem 30 and structural member 58 are

arranged such that the cameras point through holes in the structural member 58.



al ong the viewi ng angle of the second canmera 34, and a
third light group 56 with |ight sources ained toward
w0 b@705®%% ng area al ong the view ng angl e of aPCTUSIH06/044040
canera 36. Additional lighting, either direct or
indirect, may be provided (as shown in FlI GURE 4).
Preferably, the lighting subsystem 50 is nounted on a
structural menber 58 with a trapezoi dal shape and the
The sgaokral siehsyat 58ni8Prefechldy mictnied| direntlyeor S8liseatly to the back
arranged such that the caneras point through holes in
plate bie THel BgititiglsubByshen 56 mbg, hbweednitel mormed diBahg suitable
preferably nmounted directly or indirectly to the back
structﬁﬁﬂtrﬁexgx er. "TRe Ilf%?i?l‘gggﬁl;tﬁgﬁ\%ﬁ? 8preferABY; inthyReAt lehst 8 high-

nmounted on any tructural nmenber. The
. & j rahl y_i s t :
intengib O S SE RN ARSI ey PREEERCR 1 RRE! i} suitable
may . al. natively include any suitable nunber of
n“mbgﬁgf%ﬂf%ﬁ?ﬁélﬁ‘ls%%ﬁ?sces. [0019] As shown in Fl GURE 3,
the controller 60 _of the first preferred e di nent,
10018k ch A% ST dBeHICH R & cihite cAnTaey ez ge st freferred
| ighting subsystem 50, functions to control the canmera .
embodirbeyis tvwnicB Oisapennevsed itghithiengamatss pubsystem 86 anddfe lighting
observation of the reflectance of the illum nation by

subsytteen rgoyi fugctibhecto ool dhé femeea sabsjistérongo 4md dhe lighting
variation, the controller 60 controls the activation

subsySfent 5® té Glon@bseRarishest b réfstsha@ of hheiitlthatinationrby the
coll ected by a machi ne vision subsystem (such as the

movi %j%&tﬂfhe(%gr 6%ﬁgré?ﬁjc§ﬁﬁit{cﬁﬁdlﬁ bREVENa86R 0GR ontidIRr 60 controls

nt’ro may adj ust the activation of the |ight
e 45 She A5 BB S0 B ot by
machlih e e oo P b 285 A gneoctn
the cgn*gloﬂgre r60O ;na{yoglceljrusit ntth%ngétti%ti%% ot ’thg _l?&tagg)lft)cés Tot%r t%%gﬂghting

subsystem 50 to strobe at a faster or slower cycle (e.g., 50ms), at an earlier or later
time within the cycle (+ 1ms), for a longer or shorter duration (e.g., 5-50
microseconds), and/or at a higher or lower intensity (e.g., 0-50 amps). Through the
manipulation of the activation of the camera subsystem 30 and the lighting
subsystem 50, the system 10 of the preferred embodiment may effectively freeze and
inspect the reflectance of the illumination by the moving object. The controller 60
may, however, adjust any suitable parameter of the camera subsystem 30 and/or the
lighting subsystem 50 to allow observation of the reflectance of the illumination by
the moving object under different conditions.

[0020] The calibration of the system 10 preferably includes a reference target.

The reference target is preferably a glass target with a grid of dots (available from



mani pul ati on of the activation of the camera subsystem
30 and the lighting subsystem 50, the system 10 of the
w@e@eswesl enbodi ment may effectively freeze aPdI/us2006/044040
i nspect the reflectance of the illum nation by the
novi ng obj ect. The controller 60 may, however, adjust
any suitable paraneter of the canera subsystem 30
and/or the lighting subsystem50 to all ow observation
Max bévyt Autagedplsdnenof Pbiladelphid, Reminsgvania) b¥he mefependertgrget with
obj ect under different conditions. [0020] The
the gridloflatoat ifmctivhst toepswide posifiops elargbly aker (didbsasathe X and Y
reference target. The reference target is preferably a

axes) 9TRS galilati6h ofithd sgstefl b Rirtltatsrefcdybly|inbh@les baiid@¥meter. The

Levy Autograph, Inc. of Philadel phia, Pennsyl vani a) .

mlcro-m&e{‘ HEGEMLd H AR gktﬂaférgﬁcegfdrgeto%n&"fﬁ %}éfgfbg]ﬁa target

to provide positions ong two ax suc

along t}l%@?pgquIS I?%lgq%lu%sggh%t 7. ’E@e Z]PI%YCISIIH%@H,I %F%eﬁ@{)lgel cludes a user

uncti nst unt aglﬁe refer e target .a he
inte e?,e% 9 iRy pHRteh ARIHSRReRt Of § f I TeRe Garget, but
axi s) The m croneter preferably incl udes a user
may jalfeghatively inghides ang apiiemated, devicswOraRTREESSd jThet wenyentional
of the reference target, but may alternatively include
technignesinowdes dither/a three rdlmensmml target eomwadtiranatrobot which can
techni ques includes either a three di nensional target
moveoa singlel dot alorg thdd, Whiand ZaaxenVvBy asshaging tdod conventional
along the X, Y, and Z axes. By eschew ng the

techn@tgfééeﬂié edlHrati6s [HFitHe &§steh €0 %ﬁémﬁéa%itl}ﬂfbdﬁceé lfige 851 of the

significantly reduces the expense of

callbr‘égg)%lgfrﬁl%% ngtgfn %(9 erey SAIfiTatiBn offthe Qgétbﬂf ?6 'n?(ﬂl Howeler, use the

owever, use the convention
Ilbratlon

convefferL it §ﬁi<ﬁ2diﬁ‘ﬁaﬁéaa§w{y”%8%%°se AR S0 Bri feghyiaues o
impIgyG A aPY RS BXaeBEs FRE D P A P T HECOR ek Bl to
calcul%fce E‘l?ee e}%a?crtreproasﬁfgr? %%Setaglrlno?f’qche r}:ameras of the camera subsystem 30 in
relation to a coordinate frame in the observable three dimensional measurement
volume, the camera locations may be used to triangulate directly on an object within
this geometrically rectified three dimensional viewable volume to determine the
three dimensional shape and location of an object.

[0021] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made

to the preferred embodiments of the invention without departing from the scope of

this invention defined in the following claims.



relation to a coordinate frane in the observable three
di mensi onal neasurenent vol unme, the canera |ocations
worean7os9065ed to triangulate directly on an objBCT/US2006/044040
within this geonetrically rectified three dinensional
vi ewabl e volunme to determ ne the three di nensiona
shape and | ocation of an object. [0021] As a person
skilled in the art will recognize fromthe previous
det ai |l ed description andCLADMSt he figures and cl ai ns,
nodi fi cati ons and changes can be nmade to the preferred
We Clgfppodi nents of the invention w thout departing from
the scope of this invention defined in the follow ng
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for e three- dly

I"mensi onal netrology of a rapi
. . . q ¢ LoE . _
movirEhBHoRIIERCO Fhffaft BREAPHRToBISE PEaricRy Spps Wihin a
t I §i ng: t t I bsyst i ncl udi
mana SRS GEIRG. Bt BB S o The "
manuf acturing facility,. and inc]Juding a ba

. . k ate
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of the back plate fromthe enclosure isolates the back
phanafictarng fachitys iaod dfcludingeacbeskirplate susappded from the
subsystem adapted to capture the inmage of a noving
oljcdedurah evherbin oh¢ ettspemsies oftloe dackeplabg faomathe enclosure
wherein the camera subsystemincludes a first canera

MREREEGHebacR §ldre For aliBratbrsetibednegarq nounted to
the back platé, and a third canera nounted to the back

© Aoyl PO AL RS 4o b hen the
object moves into a viewing area, wherein the camera subsystem includes a
first camera mounted to the back plate, a second camera mounted to the back
plate, and a third camera mounted to the back plate; and

* a processor adapted to receive the captured images from the cameras and to
calculate a first determination of the three-dimensional metrology of the
moving object based on the captured images from the first camera and the
second camera, a second determination of the three-dimensional metrology of
the moving object based on the captured images from the first camera and the
third camera, and a third determination of the three-dimensional metrology
of the moving object based on the captured images from the second camera
and the third camera;

wherein the structural subsystem, the camera subsystem, and the processor

cooperate to reduce the statistical and systematic errors of the machine vision system
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calculate a first determ nation of the
t hr ee-di nensi onal netrol ogy of the noving object based
wo@eooris9osapt ured i nages fromthe first camera BECMUSI006/044040
second canera, a second determ nation of the
t hr ee- di nensi onal netrol ogy of the noving object based
on the captured imges fromthe first canera and the
third canera, and a third determ nation of the
to endblé aeudhinethséesdizhensivnal ragirokigytanel imepectiprodf thetrapalp thoving
on the captured i mages fromthe second canera and the
objecfshi rd canera; wherein the structural subsystem the
camera subsystem and the processor cooperate to
reduce the statistical and systematic errors of the
machi ne vi sion systento enabl e accurate
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and the third determ nation of the three-dinensional
third determlinajjoroof thedhnesrdigentipealmeolopiieof the mavéng pkjesh
systemof Claim2, wherein the processor is further
adapted to calculate a final determ nation of the
t hr ee- di nensi onal netrol ogy of the noving object based

OThémaMehedestn thstehi o$tCldiRhes Mvheibéianthd heos&sonds further
deternination, and the third determ nati on of the
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determination, and the third determination of the three-dimensional metrology of

the moving object.

4. The machine vision system of Claim 1, wherein each camera of the camera

subsystem has a unique viewing angle of the moving object.

5. The machine vision system of Claim 1, wherein the cameras of the camera

subsystem are symmetrically arranged relative to the moving object.

6. The machine vision system of Claim 1, wherein the back plate provides a

relatively rigid connection between each of the cameras.
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5. The machi ne vision systemof Caim1l, wherein the

caneras of the canera subsystemare symetrically
wa@eooansees rel ati ve to the noving object. 6. TheECTHSIW6@I4040

vision systemof Claim1, wherein the back plate

provides a relatively rigid connection between each of

the caneras.7 The machi ne vision systemof C aim6®6,

wherein the back plate is nade of heavy gauge anodi zed

gheminadAineSvisioie syaet 62 Cliigi on velyatamtled batkiplate is made of

further conprising a lighting subsystem adapted to

h bh st natised NEnRKLNG obj ect. 9. The machine vision
eavygysgég&m o1 Claim8, wherein the first canera i s adapted

to image the noving object at a first view ng angl e,
wherein the second canera is adapted to i nage the

Vi n hj ect. at a_second. Visew n LN 15 oh

8. e ofndibEaeRin N SEREOOL ORI R 08 Er EO0RIRTI Jiehting

at a fhird view.ng angle; wherein the |Iighting
SubSYS&%s%iﬂPé o lRatg ‘Fli%l-rf‘o‘é%ro@’é%c'fi nafirst |ight

group ained toward the viewing area along a first

view ng angle, light sources in a second |ight group

ai med toward the viewing area along a second view n
9. &fgl machim Visightsystem oé €laim &, wherein [thg Rirsiyeaneragis r?%@Pted to

toward the viewing area along a third view ng angl e.

imagelfhe Thein@objcre ati sifost sistiam afgl€)] wherdn ther s¢vend camera is
conprising a controller coupled to the canera

adapt& RS ihRHoViRgldedtiad Al deBand ¥hsYiak emehy) dnddeinireth the third
control”the canera Subsystem and the |ighting .

camer% gjg Z%ﬂ?f)?é@ foling{detlel MBl gl S156Ct AN Ehitd SREAL A1V EGIn the

lighting subsystem includes light sources in a first light group aimed toward the

viewing area along a first viewing angle, light sources in a second light group aimed

toward the viewing area along a second viewing angle, and light sources in a third

light group aimed toward the viewing area along a third viewing angle.

10. The machine vision system of Claim 8, further comprising a controller
coupled to the camera subsystem and to the lighting subsystem and adapted to
control the camera subsystem and the lighting subsystem to effectively freeze and

inspect the moving object.
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