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MULTIPLE SURFACE INSPECTION SYSTEM AND METHOD 5 FIELD OF
THE INVENTION [0001] The invention relates to component inspection
systems, and in particular to a system and method for multiple surface
inspection that does not require the component being 10 inspected to be
placed within the inspection equipment. BACKGROUND OF THE
INVENTION [0002] It is known to inspect multiple surfaces of a 15
component using a single set of image data. However, existing methods and
systems fofyleToPIEh SERFADE pa SIBREOEHONe ShSTENM POTe M ET Beplaced
within the inspection apparatus, such as by lowering or raising the
component into position. While some systems and methods allow some
inspection processes 20 té belgeriaFmBdEisiiNy BN THpéction apparatus that
is placed over or under the component being inspected, the image data
from the different surfaces of such systems and methods is not in the same
[36€Hl plane, Binel is contained avithinanl arteasthat tsignificantlydanger than sipeection
totgl surface %reanof tf(]jer %? Somponent bein?sir%séoectedd Argesc%ch tr}eor

SYasSition of such shstems and methods is Y multiple

ow, or tﬁgy require different
sumageedata genetation systemsdavingifferemtfocaldengtks. GOrSUNBARYeing

ir%%t% %@gﬁ:}%ﬁ%&%ﬁfﬁg%ﬂ N Acgordance with, thepresentinvention, a

or performing multiple surface inspection ofa 1
component are provided that overcome known problems with systems and
methods for performing multiple surface inspection of components. [0004] In

particular, a system and method for performing 5 multiple surface inspection
of components are proSffe§GRAUND OF THE "INVENTION

[0002] It 1is known to inspect multiple surfaces of a
component using a single set of image data. However, existing
methods and systems for performing such inspections require
the component to be placed within the inspection apparatus,
such as by lowering or raising the component into position.
While some systems and methods allow some inspection processes
to be performed using an inspection apparatus that is placed
over or under the component being inspected, the image data
from the different surfaces of such systems and methods is not
in the same focal plane, and is contained within an area that
significantly larger than the total surface area of the
component being inspected. As such, the resolution of such
systems and methods is low, or they require different image

data generation systems having different focal lengths.

SUMMARY OF THE INVENTION
[0003] In accordance with the present invention, a system

and method for performing multiple surface inspection of a
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provide high resolution and allow a single set of image data to be generated
containing image data from each surface without the need to compensate for
different focal lengths. [0005] In accordance with an exemplary embodiment
of the 10 present invention, a system for inspecting components is provided.

cdhecssystam ingludes agprisar having afirst esddnsecord &nd, adifstolems  with
reflecting surface, and a second reflecting surface. The first end of the prism

SYS [otAtedin?a Prarehat 5 arkfidl t6 Bhd 2kidlly seplrdted frohf & plarests cton
o Of evemsMeresaf a plurality of inspection pieces. An image data system is

' ed beyond the second end of the prism and generates image data of |
LR orcltt the T Spbttt pioce AEHERGEES top ke OF b It Lorming
moheigf the inspeciion piecesand ahleasti onesiderefat deastrenepfdhe ded that

p}pr(:acs:‘{zieggor}\fo}?leces. %ﬂthscpnectall%%plg(ﬁg%ns ortation systertn, %l%chias a

and place toof or conveyor, hoves a plurality of mspection pieces past data

tdhe fiest enerafthe prdsnmcthnaugihandnspectipn aréat DO06F dhe presént surface

wi'r%‘ff]oné@”tﬂ{g"‘ggé é“%pc}’ mportant a5 technical agvantages. Qne "TB%”%%S :
technical advantage of the pr%sent invention IS an inspection system t at
[QRBf2ds prisits withawodefieeting Surfaces thatcompensateforoienforal of the

th di ween.the different inspectio r nd whi I :
e HEEe Phe SCoah0 1 e Thabm i i e By aatEs  ds
pPrgvodecieaselthe regelution ohthevidsayeaark [0007AVEsseskifled i+ thend, a

sl furthey appreciatg the, advartages apd superior features gfdhe ,  secong
invention together with other important aspects thereof on reading the
refetsieging surface. The first end of the prism 1is located in

a plane that is parallel to and axially separated from a plane
of one or more of a plurality of inspection pieces. An image
data system is disposed beyond the second end of the prism and
generates image data of one or more of the inspection piece
that includes a top surface of at least one of the inspection
pieces and at least one side of at least one of the inspection
pieces. An inspection piece transportation system, such as a
pick and place tool or conveyor, moves a plurality of
inspection pieces past the first end of the prism through an
inspection area.

[0006] The present invention ©provides many important
technical advantages. One important technical advantage of
the present invention 1is an inspection system that utilizes
prisms with two reflecting surfaces that compensate for the
focal 1length difference Dbetween the different inspection
surfaces and which allow the inspection surfaces to be placed
in close proximity with each other, so as to increase the

resolution of the image data.
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description that follows in conjunction with the drawings. 5 BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS [0008]
FIGURE 1 is a diagram of a system for inspecting objects in accordance with
an exemplary embodiment of the 10 present invention; [0009] FIGURE 2 is a

[CiEgram of apHs® iR Rccoiance withe an exemplary embadimenrt@ftieiate the
resent invention; [0010] FIGURE 3 is a diagram of a system for inspecting

2 CHATpotEnts iFAECorIENgE Wit tHe BXethBlary @mbbdiment 0fRE 08 cub@AE te T
winventiemd00ijideURE 4 issp diagsamiof andmispestionesysieny ithe detailed

accordance with an exemplary embodiment of the present inventjon; and
T CURE KL et CHE oF a HEHHRR 61 MepBot Dotéine Landing

a prism inspection system that eliminates the need for the axial movement of
inspection pieces in accordance with an exemplary embodiment of the
present invention. 25 DETAILED DESCRIPTION OF PREFERRED
EMBBDEVERESCRDAB] (\theFdebdk ptary Bk ool fike fpaftsEarB RAVGIREES
hout ification and drawings with the same_reference . :
L rea et ety TS drawiis TGLEEs gt not B8 (6 Boale and 7oPeCtind
oleeetairscomponent>cald heshowirtin 36 yerexalizetearyscharhatiti foemtandt  the

pi%%’gﬁigdiqu%%q@ﬁdal designations in the interest of clarity and
conciseness. 3 [0014] FIGURE 1 is a diagram of a system 100 for inspecting

[QRRs in aédordRAcelwitts an exémplary embodinient ohthien passeprdance with
adn\entions Systeg, 100 allaws the-tap,and sides,af an, gbject tg,be inspected

using a single set of image data. The
[001 FIGURE 3 is a diagram of a system for inspecting
components in accordance with the exemplary embodiment of the
current invention;
[0011] FIGURE 4 is a diagram of an inspection system in
accordance with an exemplary embodiment of the present
invention; and
[0012] FIGURE 5 is a flow chart of a method for inspecting
items utilizing a prism inspection system that eliminates the

need for the axial movement of inspection pieces in accordance

with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0013] In the description that follows, like parts are
marked throughout the specification and drawings with the same
reference numerals, respectively. The drawing figures might
not be to scale, and certain components can be shown in
generalized or schematic form and identified by commercial

designations in the interest of clarity and conciseness.
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5 term "top" will be used throughout the detailed description and claims to
designate the surface of the component that is directly facing the camera or
other image data generation system, even though that surface might be the
bottom or one of the sides of the component as it is ultimately used. 10
[0001y SysternGlRENgludes nspegtionpieee 192 anederism okD4s PFisihi@dcting
is configured so as to reflect light on the path shown by dashed line 106,
ORYUEH tat the sidE BIEinep&ion’ picke 102 caH PRI ol e bdtiohy fald  the
pAd 8coft prisirdR41 bnthis rogerem theocameracarvthercdevige Engengrating of an
[ ge data can generate image data of the,to% of inspecti iece 102 as

ima n n
ORvdifds the sife of IRSSECHoN piccd 103 ad 'db&hFrom the Botldhi face tigior  T1e
tgprism t<bin the ldirection indieated by dheatow afldashied: hirid 206.de6LG]iption
hile,mirrors could also be used to generate such 20 image data, one dr .
Ak S ore Tar 1 TRES 161 1 e SRt ot T b e bRt i
djprecet1Q2 td ac positiontparatiehtertbhe bottom faee 118naf prismid 04 willdbeeration

longer than the focal length of the a}h from the top .of inspection piece 102
>XG oG e i 115 O e (o of 35 habealioh plect 07 hat S aics > ©F
tiparaliel¢s bottornface dtBoofprisa 104t Besause prisrhell04 cerebe used to

[@6'%“ the f??;aéé%%g”l §9 a3 fo matef.the facal length ofthe direghydmage, 5 5y

from the surface of inspection piece 102 to viewing frame 116, the effective
1 ¥dcal leRgthsfor thessidesimagie fasa30-scensat tiae béttony falckeLl8 of s on the

pa04 and the fop0f, ingpegtion piece, 102 toyyewing figme lbcanhethes; ge o
same, 4 thus allowing a single set of image data to be readily generated for
1nesk speciigpRpedton pigcebrp2seen from the bottom face 118 of

prism 104. In this manner, the camera or other device
generating image data can generate image data of the top of
inspection piece 102 as well as the side of inspection piece
102 as seen from the Dbottom face 118 of prism 104 1in the
direction indicated by the arrow of dashed line 106.

[0016] While mirrors could also be used to generate such
image data, one draw back of mirrors is that the focal length
of the path from the side of inspection piece 102 to a
position parallel to the bottom face 118 of prism 104 will be
longer than the focal 1length of the path from the top of
inspection piece 102 to the viewing frame 116 of the top of
inspection piece 102 that is also parallel to bottom face 118
of prism 104. Because prism 104 can be used to adjust the
focal length so as to match the focal length of the direct
image from the surface of inspection piece 102 to viewing
frame 116, the effective focal length for the side image as
seen at the bottom face 118 of prism 104 and the top of

inspection piece 102 to viewing frame 116 can be the same,
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[0017] In addition, if a mirror was used to generate an image of the sides of
inspection piece 102, the field of view 5 would be larger. In that embodiment,
a large number of pixels of image data would need to be generated for the
space between the top of inspection piece 102 and the image available from

t1RuIrgr shawing the side of inspestien pigce 102.58ystamt 00 dbusdowsendily
higher pixel density image to be formed that 10 includes the image data from

IHE F5P-6FinSpEctibirpicBe 1B3PRVidWihg frame 16 ah e Sde Bf -

[@espeFtion piece 4821 threugh bottorm facertds-of paism 1044[0@18] Asishowhe an

. in FIGURE 1, the angle a defines the relationshi be@g{gent erefe%’;%ge £ vi

oL 108 8nd 115! I GG I04 THe RnG"n Aineadt8d bLtAsbrt view

wdhe plane parale to thelpoinheftrefieciian akfirst, reflettingysurfacet@8 andpixels
he plane of the inspection piece 102, at the point of .reflection. The angular

o B B B R ey Femange tueen

tiparalleb toothei2G plane iaf the inspectidri piece 10Rat the peinb ohirieflelofien fisom a

45 + a, and the angg}flaer r%lzilt %nsg}g bletween first reflg:ctlcneq %_LHE’:\CG 108 aggm 100

"second rse}iél(()a"étllﬁ1 surface 110is - g@?gﬁ&lﬁ%‘t ﬁweetypical range ofis a

tlig120 wB@w additiogliecandiecséendhatsthere is mdightingpgapel12@5ned  that
e 51 ntbeotn fec 103, Lighing tap 112 robds 5 'be aras arougn® 02
ino allowaiew dngledightihg seorte 112 tosilgiminate thenteiparidisidestofece 102
1 tion piecs, 102-As suighthedise,of prigim 104 provides the additional
30 advantage of increasing lighting gap 112 over that of prior art systems. 5

[0018] As shown 1n FIGURE 1, the angle o defines the
relationship between the reflecting surfaces 108 and 110 of
prism 104. The angle o is measured between the plane parallel
to the point of reflection at first reflecting surface 108 and
the plane of the inspection piece 102, at the point of
reflection. The angular relationship between the plane of
first reflecting surface 108 and the plane parallel to the
plane of the inspection piece 102 at the point of reflection
is 45° + «o, and the angular relationship between first
reflecting surface 108 and second reflecting surface 110 is
45° - o/2, such that the typical range for is o is 20° to 50°.
In addition, it can be seen that there is a lighting gap 112
between the plane containing the top of prism 104 and the
plane containing the top of inspection piece 102. Lighting
gap 112 needs to be large enough to allow a low angle lighting
source 114 to illuminate the top and sides of inspection piece
102. As such, the use of prism 104 provides the additional

advantage of increasing lighting gap 112 over that of prior

art systems.
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[0019] FIGURE 2 is a diagram of a prism 200 in accordance with an
exemplary embodiment of the present invention. Unlike prism 104 which is a
five sided prism having three obtuse angles and two acute angles, prism 200
is a six sided prism 5 having three obtuse angles, one right angle, and two
[Goug] anglgsi Guism 200iiacludesia felghof yiewddentified byolinesr2028ndiance
202B. As shown_in FIGURE 2, the points A and B along the sides of an ,
" irhettior HhjEt ol BE RedRted- thirbubR prifAt 264 AlohgthE ta8hed Unlike
plines shiown ash20ehand208. 18 fhe resuliaat imagenat thebiottgmaf prismobtuse
204 would figvert the position of ie oints A and B, such that point A Wé)u'd

LG (bt 5B of pohit B2 AL, (HE SEpareilpodiioh ohthe SHEEBf PrLeM
hdke ingpetibadtemirould bevppesife thakof thelapparegt positiondf theo acute

sides of the inspectio viewed 15 by a single mirror, Likewise, dashed _ .
RIS e st St Cerist 504 Tt miiea e relive Sodiion Byt £ied by
1 various (sidesaobprishii 204. Flse ahgutar ielatidrshies Betweea the ireflectingand B

urfaces of prism 204 are similar to those.shown.in FIGURE 1. 20,[0020
o a0 (2h 1 e ) o ESale t Wioe APy e Drar - tected
tlinspezitiop vbjact, Splastocaliowrtie toard sidesaf antingpection Obfecttol 208 .
TS CapWred 1na sjpale setof ipage data, Becayise [he fgcal length, of.the t
path from the sides@c%%he iraﬁage object t%rough the grl}eslm 204 25 cgn [Be Hover
theljusted to pratchfthelfecaldendgth of thergath, freiv the tbp tof BAiobjedt undedd be

odnspgetion.girectly fa thedmage fata, gengration, systemy, I iIS;poSSINEL0 o5 +i0on
focus on both the side images and the top surface image of the inspection

oftefrn@sig dLSingle iMage tRtPgeRdration 5§Ste8lieh AS ahgied 13¢ that of
t HPagingSYSieMposition of the sides of the inspection as viewed
by a single mirror. Likewise, dashed lines are shown within
prism 204 that indicate the relative position of the wvarious
sides of prism 204. The angular relationships between the
reflecting surfaces of prism 204 are similar to those shown in
FIGURE 1.

[0020] In operation, prism 204 can be used to generate the
image of a side of an inspection object, so as to allow the
top and sides of an inspection object to be captured in a
single set of image data. Because the focal length of the
path from the sides of the image object through the prism 204
can be adjusted to match the focal length of the path from the
top of an object under inspection directly to the image data
generation system, it is possible to focus on both the side
images and the top surface image of the inspection item using
a single 1image data generation system, such as a digital
imaging system.

[0021] FIGURE 3 is a diagram of a system 300 for inspecting

components in accordance with an exemplary embodiment of the
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[0021] FIGURE 3 is a diagram of a system 300 for inspecting components in
accordance with an exemplary embodiment of the 6 present invention.
System 300 includes views 300A and 300B. In view 300A, an inspection
piece transportation system such as conveyor 302 moving in the direction

pshownbyatiew A garries mspeetionpiecesn304through-3@4xBpast alind 300B.
inspection 5 area. Prisms 306A through 306D capture image data from the

I%id‘é%%‘fin%BQ@tion%?ecb%%%%%?&uglﬂ%. rhage B3 YehRratigyStem such
a Systemdddds pasitionedoverthe viewing area rfosned:by thestop swiacesebw 2

risms 306A through 306D and the viewing area directly over inspection ,
e TS ORESED B SdmbVe Uhilr Riage HEE peeradiAPee Lo

asystem 308i [0O223AS previoustyymoted), quisms 306 ethroughs306BDtiave @om the
focal length that is equal to the focal le through air. fr e surface of
S o N obgf SedD 2 Moy o Sl DAL S aiEe , data
gafénage data generations DB system 3081 tn thistharmnerrimage dataewing area
eneration system 308 can.generate-a set of im ata.that cantaj he
O e R S A D A BB AAAe S na the
v iimgilighting sgstéirr816 providestlighting¢o the rcopiporents3ddderthrough 304D
agn%gyomé@gwggwmogeg @é@é(eéé%'l}%'%? %'%ecréﬂ? i!?é?? or the
top surface of a given component, such as by use of rows of light-emitting
[QGHEE set sdifferent brightness valliesor s othe? 8aiable mearsiers0 f0D23}ve a

£ Jmage eampensatign.and inspection system, 310 E%&QW"%B%%SQ@%%@ air

generation system 308. As used herein, 25 the term "coupled”and its
feofnatd terrhs sheRas ouplBsPeE téduplericditmcldde A physiealgh 304D as

ricopnection (suchAs,a Wire. oRtical fiker, ara telecommunicatigns mediui)nat 1 on
s;ggggm308. In this manner, image data generation system 308
can generate a set of 1image data that contains the top of
inspection pieces 304A through 304D as well as the sides. Low
angle ring lighting system 316 provides 1lighting to the
components under inspection in manner that does not over-
illuminate either the sides or the top surface of a given
component, such as by use of rows of light-emitting diodes set
to different brightness values or in other suitable manners.

[0023] Image compensation and inspection system 310 1is
coupled to image data generation system 308. As used herein,
the term "coupled" and its cognate terms such as "couples" or
"couple," can include a physical connection (such as a wire,
optical fiber, or a telecommunications medium), a virtual
connection (such as through randomly assigned memory locations
of a data memory device or a hypertext transfer protocol
(HTTP) 1link), a logical connection (such as through one or

more semiconductor devices in an integrated circuit), or other

suitable connections. In one exemplary embodiment, a
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connection (such as through randomly assigned memory locations of a data
memory device or a hypertext transfer protocol 30 (HTTP) link) , a logical
connection (such as through one or more semiconductor devices in an
integrated circuit), or other suitable connections. In one exemplary

c&mhodingntéhd cammunications medium candiea ARtWorK oether  suitable
suitable communications media. [0024] Image compensation and inspection
CLEM $16 Mt RidBE Side inspection system 312 and top inspection system

[G021Y) eachwfahich canriesimplemented imbardwarepseftware, or &ysuitable 310
, co;rb'nation,o hardware and software, and:b\iygich can be one or more
~3otw p

F& systéins bperstng'oi'a GEREMD pUtfosttocedsint piRttomt CRs SYstem

31used bergin, @thattiware systemecanndede atcombinatinn ofidiscegte software,

orc.og‘Pt%’G?T@th'i‘g 185%‘89%%‘3 Sgc%"f aﬂaaPcﬁ"'g%té‘)”'?ﬁqec'fl?fg%ea‘?%%t?d and which
circuit, a field programmable gate array, or other sultable "hardware.’A
csoftware system:caminciude ofievarmaore phiesots, agents, threadsylines afeneral

code, subroutines, separate sqgt%/vare applig@tions fwo or mare lines_of %)de
purpoSe L})r%?ef 1 ﬁ a[ll?la orm. S, use ereln a ardware
or'other suifable 15 software structures operating in two or more Software

s wpplications origrctwaler more@nbx:iqssbris;rmr OtﬁerCﬁLﬁtabEtsoml‘J_eonents, an
i SELGIUES 4N O“Si%gﬁ%péé‘ry e’%‘i’lo‘j'msglbﬁ%%ﬂé’!%rﬁ—%%%’{‘fﬁa{‘ include . oteq

one or more lines of code or other suitable software structures operating ina

C geperdl purpose softvare 20 applieation, sadtPasiarr operatiny syster, apdltable
nPRGRImore Hnesof Gode or otharsyiitable SpIWALE SIrUCIUTeS,ONRIING Mo ot s,

a specific purpose software application. [0025] Image compensation and
agespettiont 3yStert 310 reeeives intage fromiRiagjetddaia Yenefithrsyster ftware

aﬁ@§f@§¥ions, two or more lines of code or other suitable
software structures operating 1in two or more software
applications or on two or more processors, or other suitable
software structures. In one exemplary embodiment, a software
system can include one or more lines of code or other suitable
software structures operating in a general purpose software
application, such as an operating system, and one or more
lines of code or other suitable software structures operating
in a specific purpose software application.

[0025] Image compensation and inspection system 310
receives image from image data generation system 308 and
provides the side image data to side inspection system 312 and
the top 1image data to top inspection system 314. In one
exemplary embodiment, image compensation and inspection system
310 can locate areas having image data of one of inspection
pieces 304A through 304D, such as by wusing predetermined
templates, image detection techniques or other suitable
processes. As shown in 300B, the exemplary set of image data

generated by image data generation system 308 can include a
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25 provides the side image data to side inspection system 312 and the top
image data to top inspection system 314. In one exemplary embodiment,
image compensation and inspection system 310 can locate areas having
image data of one of inspection pieces 304A through 304D, such as by using

t ppedeiermingdtemplates, iage detectionsiechpigues os otherisditabledes  of
. processes. As shown in 300B, the exemplary set of image data generated by
LHHBGE dhed genefifon system 368 cEnThclude ™ Bitbp BfinSpactior plece™rouIh
3@08C as melkas thesidesseft inspection piece304G as seen tuauahiprisms lates
306A through_306D, Jmage compensation and inspection sys#?)rg 310, .
US| ABOHE iiragBs oM e SeS of thAPBETON Siace F0ATSHY prkmeg Prioms
3 BB A throughn3060sand providesthermso sidennspectiodsysteapsiRifon system

alysis, such as by directly transferring, pixel ompensating the ima
o SR Jeter ke by e oHo ASSaeed WHR L8 VhEYS, GHIRCLS Y
c otipemstatableymarinersinldkewise; the doy ofdhie inspection pjece864€ds by the
Provided {010 lon inspection. system 334, In,this manner, (e op and sides. . <
7ot an item undér inspection can be ger?er’atedr where t eefoceﬁ length of the |
L pathvobeiewingeframpmade data gerepation: systene86e8 tthe inspeetionided to

t%ecfn%%“é%ﬂﬁz%{g@%%%rﬁh%ﬁﬁ Dbeing.inspacted is the sams, as H%Si%%% ides
view. Likewise, top 15 inspection system 314 allows image data for the top ofS
o fnspectiorepiecs864C iabegeheratedtand iepeactad rauchcasviising palternfocal

1dpRiehing, jocation ofimage data from, predetermined greas, npasking (pixel- o 1 on
histogram data, or other suitable data. 20 [0026] FIGURE 4 is a diagram of
s ghtifABpettidn SPstémU0DEPactot@anceWifltar B4émplaBrembodiffdnt 6hat 1s

pdhe.greseibected is the same as the sides view. Likewise, top
inspection system 314 allows 1image data for the top of
inspection piece 304C to be generated and inspected, such as
using pattern matching, location of image data from
predetermined areas, masking, pixel histogram data, or other
suitable data.

[0026] FIGURE 4 is a diagram of an inspection system 400 in
accordance with an exemplary embodiment of the present
invention. Inspection system 400 is shown in views 400A and
4008B. As shown in view 400B, image compensation and
inspection system 402 includes inspection piece tracking
system 404, side inspection system 406, and top inspection
system 408. Image data generation system 410 generates image
data from the field of view that encompasses a plurality of
inspection pieces 414A through 414D, either Dby directly
viewing the tops of inspection pieces such as the exemplary
view of inspection pieces 414B and 414C, or by viewing the
sides of inspection pieces through prisms 412A through 412D.
Low angle ring lighting system 418 provides lighting to the
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invention. Inspection system 400 is shown in views 400A and 400B. As
shown in view 400B, image compensation and inspection system 402
includes inspection piece tracking 25 system 404, side inspection system
406, and top inspection system 408. Image data generation system 410

c&eperaias inageqdata fragtbedield of view thatrencompassessa pliradity-of over-
. Inspection pieces 414A through 414D, either by directly viewing the tops of |

L ISpEchioh pieCed Bhich dstfie Exéifiplary ™30 Vikw of MspectiohisiEce8 4148 9iven
candAkAG, or byaHewingdbe wsidesaf inspection pieces-theaight prisms 4ddAs set

through 412D. Low angle ring lighting system 418 provides lighting to the 9
R i T R g B her s

[@02BiHes orAbe topsutifadenof £20giken compenentpsuchyasiyeuseqftewsiofd by

. light-emitting diodes set to different brightne alues ar in other suitabl

e merS L (002 TERS SRt In 400K (7B xahplary W Seneraidifoy (oPS  OF

inmage date geperation systeab4l@mtludesihe taps ofvénspectien preceside of

1 #44BAnd 4146, 33 wellas g side o, Jnspecfion picce 4148 8,5ide of each of; oo
inspection pieges 4el4é and'414c ﬁwough prism 4 C, the sideg of mspectic?n

4 bieceall 4142 Ghroughygisnp4124, dndthe Sides efiidspedtionrpieesst 4ddBpiece

4P 4%%&‘9%%‘1991?{@&(‘ 4428, Because the image data, inclydes different ;oo
sides for multiple pieces, inspection piece tracking system 404 identifies an

4 }regksawhichidide infdgecisgassoeiatsd withdBhich inspeetion piéte Inlowgwe data

1 SXemplary 4o-qmbadiment, Asinspectpmpieces are;moved by A0 JASRECHON,; o o
piece transportation system such as pick and place tool 416 in the direction
L1 alroWDA Sthey afe §€dnnbditréds the frldoft viewkef iffabeldatd de image is

2 eperationsysiem 410+ Image cAMPERsation picce.  Tn one exemplary
embodiment, as inspection pieces are moved by an inspection
plece transportation system such as pick and place tool 416 in
the direction of arrow A, they are scanned across the field of
view of image data generation system 410. Image compensation
and inspection system 402 —receives the 1image data and
identifies the inspection pieces, the tops, and the sides from
prisms 412A through 412D and by direct viewing from the
surface of the inspection ©pieces. Likewise, suitable
compensation processing can be performed to compensate for any
image distortion introduced by translation of the side image
data by the associated prism. Side inspection system 406 and
top inspection system 408 are used to analyze image data to
determine whether the image data indicates that the inspection
piece 1is acceptable. Inspection piece tracking system 404
receives the side image data testing results from side
inspection system 406 and the top inspection system 408
results and determines whether a complete set of all four

sides and the top of an inspection piece has been generated.
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and inspection system 402 receives the image data and 20 identifies the
inspection pieces, the tops, and the sides from prisms 412A through 412D
and by direct viewing from the surface of the inspection pieces. Likewise,
suitable compensation processing can be performed to compensate for any

TiRage distarpien nfroduced by gransiatigneefithesidedpagen?s data by henerates
_associated prism. Side inspection_system 406 and top inspection system 408
10fd 0REd 28 andlyze ThaGE TtA 0 UeRHmficPwhethethd ifbgefddtges can be
rdrdieates that the inspectiorepiecers aceeptalleclinspegiionipiegedragkinge tool
4 s%/stem 404 recei%/esétlle §ide image data testin results,fgom side 30h failed
ifspettion SySieht 406 aRd i€ top inSPedtioh s steri 208 fébult8 ahgas faile
idetermineswhether a eomplete setefrall for sidesand thenjop okan  operator

ndffSPection piece has been generated. 10 Image compensationand,, .. ¢, pe
mspecﬁon system 402 gene?ates Indications o?unacceptable plecé)s, such
mdhatpiéces. cap be trgjected. lntdrerexemplabl embodieente pickandogglaceed .

[dp2sq16 cap P&f??é‘"%'eqisso ag to gelgase an ftem that h%s_farﬂsgr?%d 500 for
Inspection in a predetermined location, an operator notification can be
igeperdtéd $o as altow the pleceitodhe anapualrinspectedcorother suitable that

o PIRGEsses cap he ysed, [0028] FIGURE 5 isa f&%{sg%@ of g method 500 for ;.

inspecting items utilizing a prism inspection system that 10 eliminates the
axredfor movernéanofinspédtionpieceinlthrce exesinaccordadcewithanesent

1 SXeMmplayy embadiment of fe RIESERLs Inyention, Method 500 healng 8302, ; o ce s

where inspection pieces are moved either over a plurality of prisms, under
afke PIArEHEy ofpristRS, ordN ®therssuifablermanhgrs, dépeRdihgs onunder  the

o Whether the inspectionpieces,are beipgrmoved by -apick afdnners, depending
on whether the inspection pieces are being moved by a pick and
place tool, a conveyer, or 1in other suitable manners. The
method then proceeds to 504 where image data is generated. 1In
one exemplary embodiment, the image data can be from a field
view that encompasses a set of four prisms and a direct
viewing area or other suitable fields of view. The method
then proceeds to 506.

[0029] At 506 it is determined whether there are multiple
pieces being inspected in the field of view. If it 1is
determined that multiple pieces are not being inspected, the
method proceeds to 508 where image data of the sides and tops
of the inspection piece is generated and one or more image
data analysis processes are performed. In one exemplary
embodiment, the image data of the sides and tops can be
analyzed to determine if the image data contains any
indications of defects, histogram data of pixels can be

generated, data from predetermined locations within the set of
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place tool, a conveyer, or in other suitable manners. The method then
proceeds to 504 where image data is generated. In one exemplary
embodiment, the image data can be from a field view that encompasses a
set of four prisms and a direct 20 viewing area or other suitable fields of view.

iddwemathed then preceeds tp-206. [0029] AlSPbJLiswdatiemiped whether can be
there are multiple pieces beigrgjinspected in the field of view. If it is

PYefERmREd thatHhulifielsiccdd are RABRG hspectet the 25 method
[@0eOeds tors085wheretimage dlata ofhthe-sides and deps: 10 thei inspeciion passed
. piece is generated and one or more image data analysis processes are,
B FhAA I one sxerfiary FABSAINEIR, Himagé Batiof t-GH6S BRE:  Che
méaps canche analyzed do determine ikthe pageidata costains payt3d . In one

o ications of deferts tistogram data,of pixels can be. generated, data flom,
pre(Efe efmined locations within the set of 11 image data ¢an be analyzec?, or

pther suitablecprodessesecanded perforrhed. dhecmethoddhen proteeds toi1le, an

1240100301 AL 540 it defermined whethe the piecg bas pagsed inspegtion. .
fthe piece has nhot passe%elnspectlon, the 5 methoéjproceeas t6 512 where

pib@Pieceri@rejmed.dnmnermnﬂdlary iqmmmﬁménn a cqmmgmitham besuitable
pPrvided to a pick;and, plage CO%%%%SYEC&‘O drop;the PéeCSéQtﬁﬁn%%&t at 510

pile, an indication can be generat r an operator to remove the piece an
threFforr mandaldaspeetorn af ofiter suitdtse 10Precestes emtbedsatkturns to
s ddkewise, if it is determined at 510 that the piece has passed inspection, the

method returns to 502. [0031] If it is determined at 506 that multiple pieces
[Qps1] If it is determined at 506 that multiple pieces are

being inspected, the method proceeds to 514. At 514, image
data 1s generated for the tops and sides of the multiple
inspection pieces, and the top and side images are segregated.
In one exemplary embodiment, if multiple top images and side
images are present, i1t may be necessary to not only separate
the top image data from the side image data, but also to
associate the side image data with the proper top image data,
so as to form a complete set of side and top image data for an
inspection piece. The method then proceeds to 516 where
inspection of the image data is performed. In one exemplary
embodiment, the top and side image data set can be inspected
using common inspection processes such as histogram
inspections, 1inspections of pre-determined areas, or other
suitable data. The method then proceeds to 518 where pass or
fail results are tracked. In one exemplary embodiment, a
plurality of pieces may be inspected at one time such that any
defective side should be associated with one of the plurality
of inspection pieces. In this exemplary embodiment, the

tracking of the pass and fail results allows a complete set of
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being inspected, the method proceeds to 514. At 514, image 15 data is
generated for the tops and sides of the multiple inspection pieces, and the
top and side images are segregated. In one exemplary embodiment, if
multiple top images and side images are present, it may be necessary to not

ireheseparater thedep inage detaifram:the side imagedatabutglsato 205 it is
associate the side image data with the proper top image data, so as to form
NQVEsmPlaR set bf st i topimage Gats for BRSHSPEction Meca Ty the fly
imaetbed then praceedsdp &dbiwherep inspestion of thenaagesdata iseing moved
1 erforTid. In_one exemplary embodiment, the top and side 'émaggle data set,
5 Ka

Bt inpedted™s O8ig conmbniRspectior protesses'su histBgram thout
mdngpections, speetions op pre-deternined aseasn oraothet 1 suitableidatal hect ion

Jyethod then procecds to 518 where pass of fall results are tracked. none |,
exemplary embodinent; a’ plarality of pieceS may be irspected at One time

i rseich thiatcanydd3® defectiveselershouldl belassopiatedewitls one df 2de plurality
Jispection pie In this.exemplary embodiment, the tracking of the pass
[g?%?; 'P %% 1% 18 g%%e¥?%ﬁ§&iw%%f£er a Cé@ﬁé% Oﬁet of

| results allows a complete set o Image data to be gen
1 egehdnspectidn pledeaas ib e movedgiast the” mspectiomdedcd, thergbyece. If
a aI@%#qugghegg/T inspection of inspectign pieges.3s they ate being rl?ghgedmethod
laterally from one location to a second location without 5 movement of the
ringpattiortpiecesdn atkirdtdxis dircetion tetative icthresdirestionisfved until a

cég%% ement, such asqntq e, nspegtion devicg, e method thep praceadsto e

[0032] At 520 it is determined whether a’complete set of inspection data

e Bsker FEenRtEfortah inspectidhdiece 1f 10% compratd Seedf dafkehlsr the
i Mot been secelved the method,sseq. If the inspection piece has

passed, the method returns to 502. Otherwise, the method
proceeds to 524 where the inspection piece that has failed 1is
rejected, and a suitable process is performed or indication is
generated. The method then returns to 502.

[0033] In operation, method 500 allows inspection pieces to
be inspected as they are moved through a field of wview of an
inspection device. Unlike prior art systems that require
inspection items to be moved in an axial direction so as to
place the sides within the field of view of the inspection
device, method 500 can be utilized by an inspection device
that obtains side and top image data in a single field of
view, so as to allow for continuous movement, on the fly
inspection, and other suitable processes to be performed.
[0034] Although exemplary embodiments of a system and
method of the present invention have been described in detail
herein, those skilled in the art will also recognize that

various substitutions and modifications can be made to the

13



returns to 502 and the inspection pieces are moved until a complete set of
image data is generated. Otherwise, the method proceeds to 522 where it is
determined whether the inspection piece has passed. If the inspection piece
has 15 passed, the method returns to 502. Otherwise, the method proceeds

s f& B2 wheredherinspeation pieee that hasdpiled ish dejectash andra suitallge  and
process is performed or indication is generated. The method then returns to

SEH5! fod33] I 6paRItiBR M tod 586 allows inspection pieces to 20 be
inspected as they are moved through a field of view of an inspection device.
Unlike prior art systems that require inspection items to be moved in an axial
direction so as to place the sides within the field of view of the inspection
device, method 500 can be utilized by an inspection device 25 that obtains
side and top image data in a single field of view, so as to allow for
continuous movement, on the fly inspection, and other suitable processes to
be performed. [0034] Although exemplary embodiments of a system and
method of the present invention have been described in detail 30 herein,
those skilled in the art will also recognize that various substitutions and
modifications can be made to the 13 systems and methods without departing
from the scope and spirit of the appended claims. 14 CLAIMS What is
claimed is: 1. A system for inspecting components comprising: a prism have
a first end, a second end, a first 5 reflecting surface, and a second reflecting
surface, the first
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end of the prism located in a plane that is parallel to and axially separated
from a plane of one or more of a plurality of inspection pieces; an image data
system disposed beyond the second end of 10 the prism and generating
image data of one or more of the inspection piece that includes a top surface
CloA Riieast one of the inspection pieces and at least one side of at least one
of the inspection pieces; and an inspection piece transportation system
Whadving a18 PGalitySof inspection pieces past the first end of the prism
through an inspeciiasmarear 21 ke systenyotelaipn damheretrvthearisimg :
compensates a focal length of gne or more sides of one or more of the 20 _.
inspettioR piets t8Afatch A folali8igth Bt dhe ot mSiaT6P “surfatds of dne ¥ 5t
rof aareiofdhainspecton pieces. 3 ddensysten b claimgl kuthes cemptisingfirst

end SPOtIO ensation and Ingpection s %ES%"ere%ﬁV'{‘g the 'maaﬁaeli%ti‘ 2550 and
from the imag dad system and séparating image ata of the ?op surface o

aat ddasy one ph thecindpettion pieces droen dhage dataof tlerside of at lgdsirality
one of the jcns(pection Coieqes. 30 4. The system of claim 3 wherein the image

O J_nsepec 10n r?dl.e eSy,. . . . .
compensation and inspection system further comprises a side inspection 15

system recenywy tld_@ 'imag%y@a;tamf thesgide @ﬁatbeazstrahe_ oficthes hfrspedtiomd of
chieces and 9%@%"’,‘%‘&%%55'{@}{Satﬁmé-g£h9§¥§gemo%f claim 3 whereinthe . (1,0

image compensation 5 and inspection system further comprises a top
1ngspreetionnsystet eeceiviitg thedadesdata ¢fdthe fop-dbatdeast oné of thet one

of.nsrﬁ?&ti(}%gﬁeé:§§i%}g %@éé@”%ﬁ@s%f@”f’@é%t one side of at least one

of the inspection pieces; and
an inspection ©piece transportation system moving a
plurality of inspection pieces past the first end of the prism

through an inspection area.

2. The system of claim 1 wherein the prism compensates
a focal length of one or more sides of one or more of the
inspection pieces to match a focal length of one or more top

surfaces of one or more of the inspection pieces.

3. The system of claim 1 further comprising an image
compensation and inspection system receiving the image data
from the image data system and separating image data of the
top surface of at least one of the inspection pieces from
image data of the side of at least one of the inspection

pieces.

4. The system of claim 3 wherein the image compensation

and inspection system further comprises a side inspection
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6. The system of claim 1 further comprising an image 10 compensation and
inspection system receiving the image data from the image data system and
separating image data of the top surface of two or more of the inspection

pieces from image data of the sides of two or more of the inspection pieces.

s Sl hessystenrof claim 6 whetein theiinage-gempensation and inspeetidhe of
system further comprises an image piece tracking system associating the
ChhagB YaTL bi (e Bpurfacdor S5 rthe ot TRdrefindpéioh pieces
with the corresponding image data from the side of each of the two or 20
more_inspection piece for each inspectign piece. 8. The system of claim 1 .
whergin the 15 rEHEATY Siridce6fthe pHaRt i the SacohaEnsatig: ™= ror
arstirface o ¢he: prism aresseparatedrnhan angtends : aé% wheretrog is an2bection

angle between a Rlan% at a %%in}e of Jaeggctic% chﬁge grst ref,Ilecting surface of

*YRe prismthat i paral et fo thaTsiSns oron or fildte 672 p?uraﬁ’tgl ofcast one of

tlirspectipr pieces, and @ pomnt dndhe side-ahonegesmofe oi thiaplarality of
inspection pieces, and where a is between 20 and 50. 30 9. The system of
claim 1 wherein low angle lighting is provided in a gap between the plane
that i$ parallehto asids léraxially selparated frdm thé plane ofipne ©r myoreof image

cé%e‘?!'éraayﬁy?%f Ingpgetion pieces; and %?%%0%}9 planethat s, parallel E%‘Q&Ae\ data

topmost surface of one or more of the plurality of inspection pieces. 5 10.

Fmethdd for inspeetingedompanentsicomtisingp aneving inspeetion pledes of the
t&@ogg?fgggsg%j%W§ﬂg§ﬂﬁgre of the inspection pieces from image

data of the sides of two or more of the inspection pieces.

7. The system of claim 6 wherein the image compensation
and inspection system further comprises an image piece
tracking system associating the image data of the top surface
of each of the two or more inspection pieces with the
corresponding image data from the side of each of the two or

more inspection piece for each inspection piece.

8. The system of claim 1 wherein the first reflecting
surface of the prism and the second reflecting surface of the
prism are separated by an angle 45° - o/2, wherein o is an
angle between a plane, at a point of reflection of the first
reflecting surface of the prism that is parallel to the plane
of one or more of a plurality of inspection pieces, and a
point on the side of one or more of the plurality of

inspection pieces, and where o is between 20° and 50°.

9. The system of claim 1 wherein low angle lighting is

provided in a gap between the plane that is parallel to and
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is outside of a first end of a plurality of prisms, each of the prisms having at
least two reflecting surfaces; 10 generating image data at a second end of
the plurality of prisms of a plurality of sides and a top surface of one or more
inspection pieces; and performing image data analysis of the image data of

aeagh19f thepluraditieof sidesandwafdhenage data of hestopy A5 sibstace off  the
the one or more inspection pieces. 11. The method of claim 10 wherein ,
PhHoihing t imagePaath daly§is of fe image data®Giedeh oPth@Slurdiitg © 1S
p&fasides and ©f thersnage gdatasaf the deF sudace of thenene e-20mare of the
pj;nrlﬁs];ection pieces comprises performing the image data analysis of the

§é da¥a of edQF BFthe Pilirdlity"Sfsides and of the image data of the top

surface of two more of the inspection pieces. 25 12. The method of claim 11

wher?ié*n per&ormir%%thf iJ%narge. data a@alxsis of the ima%e data of each of the

plurality ‘of sides and of the in%élgsé) %gtaloﬁthg%gg Surface of thetwo more of

the inspection pieses compnises. segregatingthersidenimagep dataiofonerafa that
; dhe fyo,orymore inspection pieges from the side 30,image data of the others, .\, ¢

of the two or more Inspection pieces. 17 13" The metﬁ d of claim 11 Wheréin
tiperformingstheamage datalaralysis of theeilagedata gfwathwfshe plurality

of siges,and of ihe imaae.dajg.of e top wuface pfifgtuamalg ofifiga1sey of

inspection pieces comprises segregating the top image 5 data of one o the
PRWeIoF mofe insprektion bidces fromsthéasep amdgerdatapf thenthars optheone or

ndWQ Of more pspectionieces. .14 The method of claim 11 wherein
performing the image data analysis of the image data of each of the plurality
of performing image data analysis of the image data of each

of the plurality of sides and of the image data of the top

surface of the one or more inspection pieces.

11. The method of claim 10 wherein performing the image
data analysis of the image data of each of the plurality of
sides and of the image data of the top surface of the one or
more 1inspection pieces comprises performing the 1image data
analysis of the image data of each of the plurality of sides
and of the image data of the top surface of two more of the

inspection pieces.

12. The method of claim 11 wherein performing the image
data analysis of the image data of each of the plurality of
sides and of the image data of the top surface of the two more
of the inspection pieces comprises segregating the side image
data of one of the two or more inspection pieces from the side

image data of the others of the two or more inspection pieces.
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10 sides and of the image data of the top surface of the two more of the
inspection pieces comprises tracking over time whether pass/fail data has
been generated for each of the plurality of sides and the top surface of each
of the two or more inspection pieces. 15 15. The method of claim 10 wherein

generading thedmage rdata at theisecand endieé the: plukalivrefaristgs efibe inage
plurality of sides and the top surface of one or more inspection piecesis _
dpetfofthéd Using a%ingté* focal@AGth 16120 & iMage d&th of BactPdfthal+ty of
s Pluralityrof siestand thedmageadatader hestopspiriage fEGA systeAsfotwo more
inspecting components comprising: prism means for generating a side image,
©of ShspEART 25 Plede: Riitis GilBgsbd DeyGTP HE s Teahs frop 1mage
dgeneratingninage ddta ot ebe or mose speaetiarcpieceas thiat ikcludasoa tape top

i-Rytface of at east one of fhe inspectian pieces and at Jeastone sideofat .
645t one of the inspecﬁon pieces; an 30an inspe(I:Thon piece ]?ranspor?ahoon |
system moving a plurality of inspection pieces past the top surface of the

prisrrhw_rouqhhgn rig@ﬁg8%ilono%rea 18 171'[hew§é/stem of cIairP 16 wherein the.

. CLlLall crel rrorm The "image
prism means comprises means for compensating a %cgﬁengtﬂ CiTnOC'?‘Ie or J

damiere asidéy of enecdr more of theyinspedtion @feceswmatﬁ:hid}f@)calﬁllea@ﬂtty of
ﬁéé’@%ﬂ%%@ top sutfaces ofane or,more, of the,, INSPeEtion pieces 18 The 1, e

system of claim 16 furthercomprising means for receiving the image data
ofandeparating irhage dateckthe ¢gprrises tracking over time whether

pass/fail data has been generated for each of the plurality of
sides and the top surface of each of the two or more

inspection pieces.

15. The method of claim 10 wherein generating the image
data at the second end of the plurality of prisms of the
plurality of sides and the top surface of one or more
inspection pieces is performed using a single focal length for
the image data of each of the plurality of sides and the image

data for the top surface.

16. A system for inspecting components comprising:

prism means for generating a side image of an inspection
piece;

means disposed beyond the prism means for generating
image data of one or more inspection pieces that includes a
top surface of at least one of the inspection pieces and at
least one side of at least one of the inspection pieces; and

an inspection ©piece transportation system moving a
plurality of inspection pieces past the top surface of the

prism through an inspection area.
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10 surface of at least one of the inspection pieces from image data of the
side of at least one of the inspection pieces. 19. The system of claim 16
further means for receiving the image data from the image data system and
separating image 15 data of the top surface of two or more of the inspection
pieces from image data of the sides of two or more of the inspection pieces.
20. The system of claim 16 further comprising means for 20 illuminating the

one or more'nSpediicH HiRce8 21 CA%YSten for SARHERY indptttioRofS™  means
c GoppanNentsnCONYPristg: adrisen stuctuee disposed belewsaminspeetian or more

jtem 25 transit path; an image data system disposed pbelow the prism
“\Geuird; ARG aigHING BEembRFiof BaVTdihg & HrSt fffing Soufee 8 = Tooa1
1dlluminate & plutalityoaf sidesof aminspactioadtem anfl ao36 seconchbightingf the
; Source tooillumgn(eateeg bottom of the inspection item. 19 22. The system of

craim ffw%e?em(fhe lighting assembly comprises a channel enclosing the

inspection item transit path. 5 23. The system of claim 21 wherein the first

Iighti% source comgrises a gom? li htiri source., 24, The system of claim
e , ten . : is) f
21 wherein the insgection itém %ra%sngpat is one dimensional. 10 25. The "~ ~°*

reystevi ofclaine 21 wdereiddiie inspectioroitern ttragsitipatbelods hat requiree  top
S %eégenép %%ecfggéj&m%%%onof the inspection pieces from image

data of the side of at least one of the inspection pieces.

19. The system of claim 16 further means for receiving
the image data from the image data system and separating image
data of the top surface of two or more of the inspection
pilieces from image data of the sides of two or more of the

inspection pieces.

20. The system of claim 16 further comprising means for

illuminating the one or more inspection pieces.

21. A system for on-the-fly inspection of components
comprising:

a prism structure disposed below an 1inspection item
transit path;

an image data system disposed below the prism structure;
and

a lighting assembly for providing a first lighting source
to illuminate a plurality of sides of an inspection item and a
second lighting source to illuminate a bottom of the

inspection item.
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26. The system of claim 21 wherein the prism structure 15 includes a
plurality of prisms. 27. The system of claim 21 wherein the prism structure
comprises one or more prisms having a first reflecting surface oriented at an
angle between a plane of the first reflecting 20 surface and a plane parallel to

the plane ofthe inspeetion dtem:atapoint ofreflestian ©h45Q +qh Whefe Bsisembly

approximately 20 to 50. 28. The system of claim 27 further comprising an ,
CHUNGhIT 55 rBlatiGRERPDetweBh tRE 1ifdt refiéting 85S¢ and a secdhd transit
pdeflecting surface of 45 - a/2. 29. The system of claim 21 wherein the first

lighting source comprises a plurality of light emitting diodes disposed 30

within the lighting assembly and adjacent to the inspection item transit path.

20 3@ 3rhe systens gbclanm 21 whéreinthe secanddighting: tseuree compiisesit ing

an %nnularmarﬁy ofSIi htgormtting.di%q%sn beéc?jvl\/1 tréeeinspection item transit
pa]fh.eS 527K method Tor on-?ne-ﬁ)glnspe%tion oFcorﬁponents comprising:
moving an inspection item through a channel in a lighting assembly;

illuminating a plurality .of sides of the.inspection item. 10 using a first . .

b dion Srcey St uaats 5 botom o tos Hupotton TRy eskiqr item

tisecond illemiination sodrceiB32rEhie@nwethod of claim 31 wherein moving the
inspection 15 item through the channel in the lighting assembly comprises

moving the inspection item in only one dimension.
25. The system of claim 21 wherein the inspection item

transit path does not require movement in a second dimension.

26. The system of claim 21 wherein the prism structure

includes a plurality of prisms.

27. The system of claim 21 wherein the prism structure
comprises one or more prisms having a first reflecting surface
oriented at an angle between a plane of the first reflecting
surface and a plane parallel to the plane of the inspection
item at a point of reflection of 45° + «, where o is

approximately 20° to 50°.

28. The system of claim 27 further comprising an angular
relationship between the first reflecting surface and a second

reflecting surface of 45° - o/2.

29. The system of claim 21 wherein the first lighting
source comprises a plurality of light emitting diodes disposed
within the 1lighting assembly and adjacent to the inspection

item transit path.
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33. The method of claim 31 further comprising: moving a plurality of
inspection items through the 20 channel in the lighting assembly; and
generating image data of the plurality of sides of each of the inspection items
as the inspection items pass over a prism assembly. 25 34. The method of

claim33, wherein Blupiirating the- plurality of sides efi the inspegtienbitem 1i ghting

using the first illumination source_comprises illuminating a plurality of side
S QBMeTs SRR InsiSetticH iteATsING the dirstifuntifation Sburce™36 350 A dtodes
bérism farénspesting cooponests earmpersingpatirst end; 21 a first reflecting

surface oriented at an angle between a plane of the first reflecting surface

and a plane parallel to the plane of an inspection item beyond the first end

at a paint ofxefleetioroaf 450 #+ apwhetesa 1Sl p approxisratelyn200 fo 506mapnents
an glasr lrglatjonship between the first reflecting surface and a second

re ecjtlng slirface of 450 - a/2; and a second end, wherein the first reflecting

surface vamdthersecosdeefiectingisurfacelare disposed hetwedn the 40 filsthting
asengm%rhd the second end. 36. The prism of claim 35 further comprising a

p?ura |tyybf prisms according to claim 35. 15 37. The prism of claim 36

whereihlthe plaralityoof aprishvsrareidiyarnged €0 geovide infdges of egplataliy. 1tem
uOf sifles ot an inspection jiem;when th plurality, of prisms are viewed

illuminating a bottom of the inspection item using a

second illumination source.

32. The method of claim 31 wherein moving the inspection
item through the channel in the lighting assembly comprises

moving the inspection item in only one dimension.

33. The method of claim 31 further comprising:

moving a plurality of inspection items through the
channel in the lighting assembly; and

generating image data of the plurality of sides of each
of the inspection items as the inspection items pass over a

prism assembly.

34. The method of claim 31 wherein illuminating the
plurality of sides of the inspection item using the first
illumination source comprises illuminating a plurality of side
corners of the inspection item using the first illumination

source.

35. A prism for inspecting components comprising:

a first end;
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from a point beyond to the second end. 20 38. The prism of claim 36 wherein
the plurality of prisms comprises: a first pair of prisms diametrically opposed
to each other for providing images of right and left sides of an inspection
item; 25 a second pair of prisms diametrically opposed to each other for

providing imagesiaf frontanghlkackisides of,amipspectionetemgand@ 54 angle
prism oriented_in the center of the 2 pairs ofﬁgisms to ensure a perfect

PAIRRTT RrBCRSInGdx P& 3b'foclisebSmbget 38 9AF inspattion?nd & plane
pappalaius eemprisings 1228 psismaravingsa ficst reflecting sunfacgoand ahe first
second reflecting surface, the prism being shaped and, disposed for ,
er?:%inc‘?dﬁng?he ﬁgs%%ﬂec?iﬁg s%%gi{:%%fhg&firéfgla%g and'the%ecolfere & 1S

apeftectingssusfagenith asesonid plane 5 substantially parallel the first plane,
the first reflecting surface being spatially.displaced from_an inspectjon plane .
whereat an HSpBEEEN Tam 1€ DACHBA P T Ehee NG Boing EotoRACt ("o

s pafaltet tkerihspestiarppldneantedefineg  betwfesrethefingpectionoplane and

the second plan; and.10.anmage data system disposed wita he segand., ¢ ..
plane interposing the first plane and the image data system, wherein when
attkie inspectimritem ismdpasediatthesmspection pienedinnage ddta béthecen the

fiQ%n@cgga itg%ist%e@eggtgg&y the ;image data system, the image data of

the inspection system 15 including at least one of a base and at least one
side of the inspection item, the prism being shaped and dimensioned and

36. The prism of claim 35 further comprising a plurality

of prisms according to claim 35.

37. The prism of claim 36 wherein the plurality of
prisms are arranged to provide images of a plurality of sides
of an inspection item when the plurality of prisms are viewed

from a point beyond to the second end.

38. The prism of claim 36 wherein the plurality of
prisms comprises:

a first pair of prisms diametrically opposed to each
other for providing images of right and left sides of an
inspection item;

a second pair of prisms diametrically opposed to each
other for providing images of front and Dback sides of an
inspection item; and

a 5" prism oriented in the center of the 2 pairs of
prisms to ensure a perfect match of refractive index for a

focused image.

39. An inspection apparatus comprising:
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configured with the image data system and the inspection plane for providing
view of the at least one side of the inspection item to the image data system.
20 40. The apparatus as in claim 39, further comprising: at least one lighting

source disposable substantially adjacent the inspection plane for illuminating

the at least gnesuifage BEthenigspection item. 2% 41Tthe agpartus ofslaiang a
39 wherein the prism compensates a focal length of the at least one side to

S SuBBantigily atd'd fock fétoth of tHe Base"St the iRgpedtinGttnd.sh 42.sposed

fdheapparatusof claim 39 whereire thieslirst efleating=stsfage of the prismt plane
and the second reflectin % surface of the prism are separated by an angle

ah | DS BRI Bs ah RS batoiben THE S piarts ol aff xS CBHBAGING 127

slietween aj4ioint opdhe At tgast-ore side etthe linspectiondterhiand-a peinfieating
th(—‘ffirst re{)lectin surfa(;ce 51vihere tthg_goin(tjon he at least one sidetof the 1

SYinspection” item-is refiected: 23, The HApparatus of claim 39 wherdin fow anglé "¢

wlightiag: issprovidegéra gap bétween e inspedtionnplane and-the O first plane

lane, the first plane-substantia rallel and_coincident the base of th .
o a T GA hd AL B I S50 e G 04 Bt O fngeoFined
bérspeetion litem fages thie first planecard theeseconelc dbpladene; and

an 1image data system disposed with the second plane
interposing the first plane and the image data system,

wherein when the inspection item is disposed at the inspection
plane, image data of the inspection item is generated by the
image data system, the image data of the inspection system
including at least one of a base and at least one side of the
inspection item, the prism being shaped and dimensioned and
configured with the image data system and the inspection plane
for providing view of the at least one side of the inspection

item to the image data system.

40. The apparatus as in claim 39, further comprising:
at least one lighting source disposable substantially adjacent
the inspection plane for illuminating the at least one surface

of the inspection item.

41. The apparatus of claim 39 wherein the prism
compensates a focal 1length of the at 1least one side to
substantially match a focal 1length of the base of the

inspection item.

42. The apparatus of «claim 39 wherein the first

reflecting surface of the prism and the second reflecting
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45. An inspection system comprising: a plurality of prisms, each of the
plurality of prisms having a first reflecting surface and a second reflecting 20
surface, the prism being shaped and disposed for coinciding the first
reflecting surface with a first plane and the second reflecting surface with a

sigeeand plame substaptialiyrparaliel thestirst plane,dhe fist reflecting surface /2,
being, spatially displaced from an inspection plane having an inspection 25 ,
WiKoSftibh d&fined thiete ABAg WhER AT indpettion'iteth isPpasifiondbfe, g 3x1s
e fitstrplanes beirg substantiallyqiarallebthe dnspegtioniplane anthdefisede of the

. between the inspection %Iane and the secon%glar?e; BQt an i 3 e data c
LSRRt didposed Wit ihe sécdnd plane” Therpbsing the firs‘fi%11 EhAg theSurtace
wlirnage tatehsystempant24 a transportedian system fet ttansportintgsthénspection
. insré)ection itﬂn 3{0%9 a transportation axis defined substantially parallel the
ltem 1S retflectedt. . . . . " .

mspecﬁon plane and coincident the inspection position, the transportation

system being one dimensional, 5 wherein when the inspection item is

transparied glong the . Fransporigiion axis, maag daia.af he speclign iem,y, g
is generatable by {He iImage data system when the inspection item coincides
1 yvitl aod trensitsithroaghathie iNspé&etismposition, 10sthedtnage dathaofeheand the

£ {QSpECtign system ié‘ﬁ]!%‘d"‘[@ia:té%aﬂp%eng a Dase and: B@d{@_ity gLydesof  ang
the inspection item, the plurality of prisms being shaped and dimensioned

cahac cdafiguredavithethe imbgeltata systeniand the Rspection plane for
providing view of the plurality of sides of the inspection 15 item to the image

data system.
44. The apparatus as 1in claim 39, wherein the base of

the inspection 1item faces the first plane and the second

plane.

45. An inspection system comprising:

a plurality of prisms, each of the plurality of prisms
having a first reflecting surface and a second reflecting
surface, the prism being shaped and disposed for coinciding
the first reflecting surface with a first plane and the second
reflecting surface with a second plane substantially parallel
the first plane, the first reflecting surface being spatially
displaced from an inspection plane having an inspection
position defined there along where at an inspection item is
positionable, the first plane being substantially parallel the
inspection plane and defined between the inspection plane and

the second plane;

an 1image data system disposed with the second plane

interposing the first plane and the image data system; and
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46. The system as in claim 45, further comprising: at least one lighting source
disposable substantially adjacent the inspection plane for illuminating the at
least one surface 20 of the inspection item. 47. The system of claim 45
wherein the prism compensates a focal length of at least one of the plurality

a ofsidas {0 substantiallymatch arfoeal tengthob the haserofdhe; 25Jaspaciion i tem
item. 48. The system of ¢claim 45 wherein the first reflecting surface and the

25388 d reffediing Shrfate P edch of the f purdlity BPEAihS tre sepdatéhy - the

i eangle 45 - al2 30 whefein @iis ancangte betweem the-tirst plangasd@ion, the
axis extending between a point on one of the plurality of sides of the

CHREBERGON e Bnd KPSt SiF tHirP FefRERiTg 5 Eir4ce of one of the

plurality of prisms whereat the point on the one of the plurality of sides of the

inspection item is reflected. 5 49. The system of claim 45 wherein low le
e e e O i e ochion BARE BRA e et 1 ORg  the

t jpdarse dhre first plane substantiaby paralket andodoincident ithedraseicitheitem is

inspection jtem. 10 50. The system as in claim 45, wherein the base of the .

T o Ko o e Tt Bt Lhd Tl Seion e i TS Bysienvts TEom

cdn claimetd, thetthanspartatioarsystem fintiverdbr substantialheiripedingoosition,

vfispigcementalne, A5 pspecligniam away, i inq HBATRATANIONAIS 52 one
The system as In claim 45, each o?the plurality of prisms being Shape

o dirnensicred afdd dispbsed Withvthe lseedAd srefléctidtesurfatestheieut belgn, the

pfﬁ?ﬁﬁ?%?cagﬁ“aﬁ§§&95 being shaped and dimensioned and

configured with the image data system and the inspection plane
for providing view of the plurality of sides of the inspection

item to the image data system.

46. The system as in claim 45, further comprising:
at least one lighting source disposable substantially adjacent
the inspection plane for illuminating the at least one surface

of the inspection item.

47. The system of claim 45 wherein the prism compensates
a focal length of at least one of the plurality of sides to
substantially match a focal 1length of the base of the

inspection item.

48. The system of claim 45 wherein the first reflecting
surface and the second reflecting surface of each of the
plurality of prisms are separated by an angle 45° - o/2,
wherein o 1s an angle between the first plane and an axis
extending between a point on one of the plurality of sides of

the inspection item and a point on the first reflecting
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20 the first reflecting surface thereof distal the central axis, the central axis
being substantially perpendicular the inspection plane and substantially
coincident the inspection position. 25 26

surface of one of the plurality of prisms whereat the point on
the one of the plurality of sides of the inspection item is

reflected.

49. The system of claim 45 wherein low angle lighting is
provided in a gap between the inspection plane and the first
plane, the first plane substantially parallel and coincident

the base of the inspection item.

50. The system as in claim 45, wherein the base of the

inspection item faces the first plane and the second plane.

51. The system as in claim 45, the transportation system
further for substantially 1impeding displacement of the

inspection item away from the transportation axis.

52. The system as in claim 45, each of the plurality of
prisms being shaped dimensioned and disposed with the second
reflecting surface thereof being proximal a central axis and
the first reflecting surface thereof distal the central axis,
the central axis Dbeing substantially ©perpendicular the
inspection plane and substantially coincident the inspection

position.
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