1 MULTIPLE SURFACE INSPECTION SYSTEM AND METHOD FIELD OF THE INVENTION The
invention relates to component inspection systems, and in particular to a system and method for multiple
surface inspection that does not require the compongnt being inspected to be placed within the inspection
equipment. BACKGROUND OF THE INVENTION It is known to inspect multiple surfaces of a component

using a single set of ‘mﬁﬁi%ﬁﬁ@ﬁtﬁ%fgﬁﬁﬁ@ﬁ@ﬁm%@%ﬁ%%ﬂﬁ&ﬁ%ﬂm"‘9 such inspections
aced within uch as by

require the component to be p e inspection apparatus, s lowering or raising the
component into position. While some systems and methods allow some inspection processes to be
performed using@iHIPEAPN PPYENRIYSNat is placed over or under the component being inspected, the
image data from_the different surfaces of such,sg/stems and methgds is not in the same focal plane, and is

contained withirl XhA/2% e SiGh MR ISR SFRTSHNY tERP stit-BE 4HEA Bt thd BSIHBARENt being
inspected. As suethahdmesalutjdn afrfuwehisysiains dnd doethods isylow, e theyipequirddifferent image

data generatioq&ggggm&%v&pa% eqiif;;%%%ttﬁgq%ég&%pggﬁ MARY OF THE INVENTION In accordance
r

with the present invention, a system and method for performing multiple surface inspection of a
component are provided that overcome known problems with systems and methods for performing

multiple surfaceginenas RN GRPPAE S VENTION
It is 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
In accordance with the present invention, a system and method for performing multiple
surface inspection of a component are provided that overcome known problems with

systems and methods for performing multiple surface inspection of components.

In particular, a system and method for performing multiple surface inspection of
components are provided that provide high resolution and allow a single set of image
data to be generated containing image data from each surface using prisms to

compensate for different focal lengths.

In accordance with an exemplary embodiment of the present invention, a system for on-
the-fly inspection of components is provided. The system includes a prism structure
disposed below an inspection item transit path. An image data system is disposed

below the prism structure. A lighting assembly provides a first lighting source to



In particular, a system and method for performing multiple surface inspection of components are provided
that provide high resolution and allow a single set of image data to be generated containing image data
from each surface using prisms to compensate for different focal lengths. In accordance with an
exemplary embodiment of the present invention, a system for onthe-fly inspection of components is

provided. The %Yﬁﬁ%malgcé)‘ﬁﬁﬁﬁty%?’_Elc?et{%‘i“dheiQiBQé%?o%d_iQ%loX}{aaQ ERRFY Iﬂégl mJaasipath. An image

data system is disposed below the prism structure. A lighting assembly provi first lighting source to
2 illuminate a plllpaEAtsFshaEeBLAMEpRASEOR ittt and a second lighting source to illuminate a bottom of
the inspection item. The present invention provides many important technical advantages. One important
technical advantsge of the present invention is an insFection system that utilizes prisms with two

reflecting surface’s HEWOMYEHRPEOVHTE P BRI HiferEHcY BAYAMIT the MitdPBSI Y pection
surfaces, whereethaipalsnivisitage dft che pnapain satenfamd ffer éntprefiactiyeandexesilmougismhich the light

passes and ”Oﬁﬂﬁ ":I‘?Eﬁ@‘ét‘?n%%ﬂ’%’ﬁs& ﬂ'{gﬁégﬁ%%]%%%%%?ﬁléF&E@P?e%%ﬁl”(ﬂf*ﬁé é‘ﬁ@a%!:‘i%éﬂ‘?ﬂ@smdion

surfaces to be placed in close proximity with ea er, so as to Increase the resolution of the image
data. Those skiflétipnthnsaciian faviFrseapphetsatict s aviantagse soapensisperiorifsadiffes®f the invention

together with otherimroTRRkasPRGLENEeh A aatingdiesdsiailas desciipiiamibadaiiapys in
conjunction with the drawings, BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

FIGURE 1 is a HiHGVHh B Lo emiifsF indpb StNg dBjRt i BReSHIAE R SnPERAiEtaY) embodiment

of the present ink@aporkimity with each other, so as to increase the resolution of the image data.

Those skilled in the art will further appreciate the advantages and superior features of
the invention together with other important aspects thereof on reading the detailed

description that follows in conjunction with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
FIGURE 1 is a diagram of a system for inspecting objects in accordance with an

exemplary embodiment of the present invention;

FIGURE 2 is a diagram of optical ray paths for a prism in accordance with an

exemplary embodiment of the present invention;

FIGURE 3 is a diagram of a system for inspecting components in accordance with the

exemplary embodiment of the current invention;

FIGURE 4 is a diagram of an inspection system in accordance with an exemplary

embodiment of the present invention;

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;



FIGURE 2 is a diagram of optical ray paths for a prism in accordance with an exemplary embodiment of
the present invention; FIGURE 3 is a diagram of a system for inspecting components in accordance with
the exemplary embodiment of the current invention; FIGURE 4 is a diagram of an inspection system in
accordance with an exemplary embodiment of the present invention; FIGURE 5 is a flow chart of a

method for inspeetingtemg ulilizing 4,psm iﬂgﬂteﬁg%%lé; a3t RIIngtas the &%ﬁlﬁh‘;‘% the axial

t
movement of inspection pieces in accordance with an exemplary embodiment of the present invention; 3
FIGURE 6 is a eiahfidificat af iahpiassdiRniivacsrdance with an exemplary embodiment of the present
invention; and FIGURE 7 is a diagram of a light assembly in accordance with an exemplary embodiment

of the present invention.
P FISURE 7 is a diagram of a light assembly in accordance with an exemplary

embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In the description that follows, like parts are marked throughout the specification and
drawings with the same reference numerals, respectively. The drawings 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.

Figure 1 is a diagram of a system 100 for inspecting objects in accordance with an
exemplary embodiment of the present invention. System 100 allows the top and sides
of an object to be inspected using a single set of image data. The 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.

System 100 includes inspection piece 102 and prism 104. Prism 104 is configured so as
to reflect light on the path shown by dashed line 106, such that the side of inspection
piece 102 can be seen 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 bottom

face 118 of prism 104 in the direction indicated by the arrow of dashed line 106.

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 length 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



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS In the description that follows, like parts
are marked throughout the specification and drawings with the same reference numerals, respectively.
The drawings 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.

Figure 1 is a di%%%F‘i%@es}’x%ﬂ%"lhje%{%%”%P%Eg%‘?&ie&‘e%é” RSCRIAANGE WiIHDAD §XgMBlary

embodiment of the present invention. System 10 ows the top and sides of an object to be inspected

using a single sétestivpégraldenathretheriidetopren i beensedrehrsinghige the aétairse @eseiption and

claims to desigpatedfhersHifaceoalfhe.campornantithatimditgstifasingethecameraivaties image data
generation system evenég%%%h that surface mig{%ﬁe the bot%? or one of the sides of the component as

it is ultimately uBgle S B iHRASE 4 h R I i SER T ARG Fidh "t B IBRARPEECRS configured so
as to reflect lightiar ite.path shown by dashed line 106, such that the side of inspection piece 102 can be
seen 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 frofh aAdtisdng fAEEON PRORISHIM L0 3 thik iHree b rilin didered Byneradigrof dashed line

106. While mirrggs gauigkRise hewseditPrgengratasueh imsasHialia . o diambeaskskénrivors 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 wilBEI5AGeY HEHASE 1 B8 LRISGHT GIth B 3T TE (Bp 18R HdBRSAEAESS 102 to the
viewing frame 118 ehdhdd¢omafinspiédiiorrpiecenliodthhtvdaisbepadalle inspatiomface 128 of prism 104.

B ' 4 | h I , facal th, of the 4 direct
image rom 16 STk A Haei B 10 e g A LI I et el B8 or he side

image as seen B dsgttBaTTaee ton Slompppsin Pleam d0th&ntyis Wi SpparibHopied éhe 0Rdeodbiewing frame

116 can be the jgpe&idhpealloyring e sindlgosetRE foslsesnagr data to be readily generated for use in
inspecting inspection piece 102. In addition, if a mirror was used to generate an image of the sides of

inspection piece 102, the field of view would be larger. In that embodiment, a large number of pixels of
image data would sieechtinbEl GEREY dtethdaaridle spadmdbetiverimtivasdtap bétwspeditorefitedegl02 and the
image available from. 2 pirgn SheWngthe sige fe'Qf?Q%%{' MRISER 4 RavRYR IR HAY é@%’aﬁé}"o""s a higher
pixel density image to be formed that includes the image data ?rom thetop o mgpec on piece 102 in

viewing frame 12 @aharipitieosigéestivispetidropiectmg oot lgh wettbenpiace A 1tBeomppRsP1 04,

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° + a, and the angular relationship between first reflecting
surface 108 and second reflecting surface 110 is 45° - /2, such that the typical range for
is a 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.

FIGURE 2 is a diagram of optical ray paths for 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
having three obtuse angles, one right angle, and two acute angles. Prism 200 includes a

field of view identified by lines 202A and 202B. As shown in FIGURE 2, the points A



As shown in FIGURE 1, the angle a defines the relationship between the reflecting surfaces 108 and 110
of prism 104. The angle a is measured between the plane parallel to the point of reflection at first
reflecting surface 108 and the plane of the inspectiony 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 piecg,10g %foﬁgetBQiEth’J [MIGCliRPeidR dofacpNbine &”%ﬁ@&é&'ﬁﬁi?@%l;%@%“ﬂ@?” first

reflecting surface 108 and second reflecting surface 110 is 45 - al2, such that typical range for is a is
20 to 50. In addities, fecdnshred desh thavthare(e anihRtihg dhp T1P s tHelisidEEBitaining the top

of prisrr? 104”ar&iﬁlﬂeznim&f)@llgnﬁaqameﬁﬂ@sﬁqlaﬂéﬂmﬁ;ﬁgsﬁfwm%@m%&gﬁa&mrﬁ?pmd@ds to biolgrgAe
enOUg to allow a low nge | tln source to illuminate t [S] to na siaes |nSpeCt|0n plece . AS
oot o ae oA GIE AT B s R SRR B Tl T b o DA LS cver that o

prior art systemserf &uRBR opdiagnambieptigakestypositivenfof ehgrisies 200hk iageatdance with an

exemplary embggdi o] ent.inyention. Ul ' ichis a five si Ism having three
obtuse angles a\?l%’[;t@v%gb 2c£u%(}a§§%ﬁ2{%ri£p§gg % %ﬁ%‘fd&ﬂ%%* éf?s%r%\g#g/%gfﬁrge? 0 ?l?sqeﬂgﬁgles, one right

angle, and two Béifaribte scIpthempRo0 A cRidée a idieraf il ifemtifisd BYHineShzo2mgalaE 202B. As
shown in FIGURE o8 R ®ifiecén PcardBalonethesilesigh 204nspeaiion RPiIRGwWRsIG e reflected
through prism 204 along the dashed lines shown as 206 and 208. The resultant image at the bottom of
prism 204 woulbfAVEE the position of the points A and B, such that point A would be on the left side of
point B. As such, the apparent position of the sides of the inspection item would be opposite that of the
apparent positi t id [ [ iew a single minoy Lj [ ed lines are
sﬁgwn witrﬁlin p?l@ 3 Slggl 1 é?lﬁﬁ%c%% ?ﬁ%%%%%g %c\fés??tl%%geo?t{ﬁé% r|c?t)}!sq‘sr%Peesdgfeg1 g%ﬁﬁ’% %rﬁ The angular
relationships bettiesrses refiberingesurase sid¢snism ipepaiensimiitedhit esRBpdWR HRISURE 1. In

operation, prisnge2Q4 gaipbadiseBiopenaiatRtheimagenia side pbANdRSRELIoN APIgkigs0 as to allow
the top and sides of an inspection object to the captured in a single set of ima?]e data. Because the focal

length of the patRFOMTHESIHaET AR aeGiiEteth o M hbLosA) sBagh Be R UL8Y to match the
focal length of tthe pptbfframitjeet taplafiaspebjestdinacdy inspe diioge ditectiyntoathe ispagea,daia generation
system, it is PoggiRg 0 Jagus.omholh ihe sife maaesanfl s aprsuriacs Image of e fgpection item
using a single image data generation system, such as a digital imaging sfstem. FIGURE 3 is a diagram of
systems 300A &l 300B FoHiglspaetn dtoaipenbts intemcordaricediditilamestagriyigeirembodiment of the
present invention. In system 300A, an inspection piece transportation system such as conveyor 302
moving in the direction shown by arrow A carries inspection pieces 304A through 304D past an inspection
area. Prisms 3085 WitSugH 386t E4BuE Pr4ae S M d0Rides BIRRITECEORPIRRYS Sb4aA through
304D Image datacgehecatioirhsystenmp08yispbsdinasdoover phaaneirirgtaieafosmel3otie top surfaces
of prisms 306Aat1fl1rou h 306D and the v{ewilrllgy%)trea difEcty over insjteﬁction ielcl:%fsf 3 4A\.through 304D as

I
INspectiQon piece (ransportatio () UCl aS“CONyveyo, 11QV1 1 cction
they move under image data generation system §6§ S prewogs y noteg, pﬁsms% léA 'Ehrough 306D

have a focal lerf§ehvini isreyualcesriprelforestiehpits ¢h iddghzivuzb e psstacapRaiopaetion pieces 304A

through 304D asiheyPeasiiiesobodis viswibgaraah MRV J&R JeNaptanSyRI&NBAA. In another
alternative embodiment, another rectangle prism can be introduced on top of inspection piece 304 purely

to ensure refraciFHG 1B SRR HDEKIE 30 thigositioned over the Viewing area
formed by the top surfaces of prisms 306A through 306D and the viewing area directly

over inspection pieces 304A through 304D as they move under image data generation

system 308.

As previously noted, prisms 306A through 306D have a focal length that is equal to the
focal length through air from the surface of inspection pieces 304A through 304D as
they pass through the viewing area of image data generation system 308. In another
alternative embodiment, another rectangle prism can be introduced on top of inspection

piece 304 purely to ensure refractive index is the same as that of 306A-D. In this



6 manner, image data generation system 308 can generate a set of image data that contains the top of
inspection pieces 304A through 304D as well as the sides. Low angle ring lighting system 316 provides
lighting to the components under inspection in manngr 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 valugs of.{n RHEL %ﬁittaa%'e‘?@a%ﬂe%s‘/m@ﬁa%’sc MPghzAfion, and H}SHE%%?G&X%%W 310is

coupled to image data generation System 308. As used herein, the term "coupled” and its cognate terms
such as "couplégnBintHispler earimERIte AiptiysiCarconneRtidR4Buehvedl anibe fsical fiber, or a

telecommunicatipns medidiihAsyiiuaienneaien (skaas theuahsantomyeassighadamgmory locations

of a data memory device or a hypertext transfer protocol %HTTP) link), a logical connectjon (such as
through one or ?glad‘r‘ée‘éél?'ﬁﬁc%%‘ﬁLfb%%fé\')i]é‘é‘glﬂ?tgneﬁ%rg% UG Uit DI MAEFaCHHI8 85i%Rections. In one
exemplary embagipenrtitascoimm byioation some diulighsamizere daties rie oroodifésrent taliddtoasnmunications
media. Image CQH&@?B‘?ﬂ%i&Ee??%%ﬁE%%ﬁil%Q@yStem 310 includes side inspection system 312 and top
inspection system 314, each of which can be implemented in hardware, software, or a suitable
combination of hardware and software, and which can be one or more software systems operating on a

general purposgRIRCessinG AASOERY Aspesashngieim 3 ardwanaey Bamacaninelidr @degmbination of
discrete components, an integrated circuit, an application-specific integrated circuit, a field programmable

gate array, or otheFBuitihle haTSFE AR A - PSS i e RIAE BRRHIGe 6Bj8lSS, agents,
th(eads, lines obmddm;ﬁdbmutiﬂeh}dsepmacﬁd)fbm&ampI{satlotas,‘atvm;ixer npoikallifibsrobcade or other
suitable softwarg, sycIes. aper %%&H)FVX%%QT%r?%nse%ﬁr%gg%%QJ'%HS%E&&W%%HAQW Processors,

or other suitable software structures. In one exemplary e Iment, a's are systent can include one
or more lines ofteRE b Fastiens GitabRatgomnaaee stAYEtIres opereing reastrenepiqlindbsEPoftware

application, sugihRs anJRRaraiRg-sHsterAN Aneuh MR HNREO{cRdenalathalsiiakie.aoftware
structures operating in a specific purPose software application. 7 top image data to top inspection system

314. In one exeMpEHrEHABIEMER O Ha gy At GRARHIH sUstih S8 BE genBrdiRhtifple images of
an inspection iteomsuchassi3ymeding diffcre ahdlwmik atiohangled] dibenaniithtion aiiatia.
colors/wavelengths, different light intensity, or other varying illumination parameters to allow defects to be
detected by comparing sets of image data, by using different types of illumination, or in other suitable
manners. In on&Ege epReREHHILYIfaRRSHitage tompEhBslisleandeinspedtivrsyeted] 3adican locate

areas having imggs grtaigf Qrerf inspectar Riges 3844 thiuahR4PhaichRs Bitwsing,predetermined
templates, image detection techniques or other suitable processes. As shown in system 300B, the

exemplary set &f THEGE 0B Y RHLERY BYIHAG ML BUAG afish WD FP80% A iSEITESA top of
inspection pieceod®4e: agswel agcthengidea géiaspectiondpene Sit@lassae mihietdiepiisms 306A
through 306D Iage.compensatign and nspesiian svsiem 3h0.50'aiss e mages fom e sides of
inspection piece 304 using prism 306At roug 306D and provm?es fhemn 1o side mspe’%tlon system 312 for
analysis, such a¥ytdiveeityliraheiciadipixdtersgdconipinadting presinvagablorearyadisiortion generated
by the prism asg@giaiethwithiRgrage, QIR fthe)saiiabie RS bikawiseviiastopafiihe inspection
piece 304C is provided to top inspection system 314. In this manner, the top and sides of an item under
inspection can BEG&hdieal iRAlre tREPHGDSH SHRIR S S HAY Bt APBHEASRRN G WO T Mg L e generation
system 308 to thelinspebticnipibles 304t hiatigh:SOdathatiisteiogniospedtedris-dbgicaioe as the sides
view. Likewise {op Ingpection system. 34 allows Imagsdaja far e (opaf Inspastion piege 304C to be
generated and mspectedp, such as using pattern matching, location of image data from predetermined
areas, maskinge'pheaslingtograafiveritasysicotiven siftadsioeraca narehiacsxdrmplang ethpoditiablet, side
inspection systep3iR alddARINSRESLRD SYAlRhSA GRPHSQIGRIRIBIAMANS Smitting light of different
wavelengths, such as to allow the sides to be illuminated with a first color light and the top to be

illuminated with®RSSELEEH &Y E61Br HYhOo YiBWwreitarent cotsreloPhghtiiabl (oY 1 iLPEttBoth the sides
and the top, to uperdighyf iwavpterfgtharfhat asenoptinppichtotetect predetermined classes of defects, or in
other suitable manners. Side inspection system 312 and top inspection system 314 can also or
alternatively use light from different light sources in different locations to enhance detection of defects
damage or othdmagpeerspshsatipnsprlctivpeitaon. Jysténs e rapibigs emisodiatefiom gurteceatiefect can be

detected by CORRRINGANGAYEN 308 and provides the side image data to side inspection 312 and the



8 data taken with illumination from two different angles, such as by detecting the shadow cast by a
surface defect or in other suitable manners. 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 400B. As shown in view 400B, image compensation and inspection system 402 includes
inspection piece, ygkingssiem, 4S5 hskacdon sysiRm A9t a0diandnsnaclipn.sygiem 408. Image
data generation system 410 generates image data from the field of view that encompasses a plurality of
inspection piec&8N8TAIRNFSEHHh AB4DN ERAEREYHIHERAYDRERAY e toRssEMiAsPectich piddes such as the
e><_em|oliilr1y2 Xi enh%g;]a%%ﬁntmgﬁﬁﬁiﬁﬁﬁg@ﬁathiﬁé%tq11bm%§@mg¢%@/silg%?¢9§iﬂ§nﬁﬁﬁ%tpieces th roudgh
prisms througk . Low angle ring lighting.system provides lighting to the components under
hspection in mUBHAP (Y 0BG SAH WU AR AT B e 6308 SR EGE SUMAESSF Ay on
component, sudly asiyyatisg efty @fvsnoigtght:e rojttinogdidide sesetyjedidterldntinnghines smvathees or in other
suitable manne(s; S | A | f t ' t tion system
310 includes thel b ol meet o e B e B R ece 414,
side of each of fisgaclibhopielasate auers Aaring e gh Pl pAsRT AEPEStitieriier O hspeedbn piece 414C
through prism 4afy, and, thersidemeiRapeatioR PieaRttiiihand #id tothroualyriss 4deB. Because the
image data includes different sides for multiple pieces, inspection piece tracking system 404 identifies and
tracks which sid&! ARS8 &S cidt e M WRIH T8 diGn P18 B MR skeMpiiiEemaBdiment, as
inspection piecesnaradt MyeahbyeatuingpaotionnpiegentraN8 pantabidndsy:s tem «uinkpastipickiacxd place tool
416 in the directipp-of agow ég\s HeXaLe 8?5}{?%%%%§r%§e%éh§oﬂé'dasofsé’é%"Yh%d a%ﬁ 9§t%8§/£‘erat'°” system
410 Image compensation and inspection system 402 receives the image data a d identifies the
inspection piec&yousa D) arfinage sieRCHGHPPrISMhISAZATh SN 4 PDIwiehireeesaewing from the
surface of the ingRECHORIMISCRSnALEIDARHIEY 30RrSRMAKRETECHI6eh bRIOW RigGRAlfpurely to
ensure that the refractive index matches with prisms 412A-D. Likewise, suitable compensation processing

can be perform&§ b e SiipEESTEYS SEKM M Ay S HENEEN ot Be sy ARSNGB 8 AKE Side image data
by the associated qrigmansSithe thspasgiofosysielintdiibapchtopeihbpeatiprissy sieria08veirk thsed to analyze
image data to dgtermine WhgIher the  imade data indicages thal the inspeclion plece sacceptable.
Inspection piece tracking system 464 receives the side image Yata test g resy?ts from slde inspection
system 406 and®ihadesh tih&prestiopcsgstaratand Fsultsthidenstirite P ivhedhivdes ebmpied@ set of all four

sides and the tQp QL 3 fRERGEUAN RiecahAsPEaRIaReraadiNALR ﬁfar%%rm;ﬁ@mg@rmpection system
402 generates indications of unacceptable gieces, such that pieces can be rejected. In one exemplary

embodiment, pitRe&RY Pt 581413 LER BEBhiPSIIaEPeEqe Ricrsidse St tRaPHA Siled inspection
in a predetermibeiddaastiandai dpesaior motHicaidon daw.bd.genevates dosascatowythienpikice to be

manually inspegiec, of alher sLiaPIR AIRCHSSRS.CAD e RehyFI BURE s adlgn Far.plia method 500
for inspecting items utlrllllz' g a prism or p?isms at eﬁrﬁln'ates the need for movementpof InSpection pieces
in three axes iNsHERGIANBE WittCEN BRISHpEariperib dimiamef daa dreseptdggiemioad Mettod 500 begins

at 502 where inspagHeHPieaaSSIRMAULLEBhEr QUabR Riwality of prisms, under the plurality of prisms,
or in other suitable manners, depending on whether the inspection pieces are being moved by a pick and

place tool, a conveyor, or in other suitable manners. The method then proceeds to 504 where image data
is generated. INooecexemplary enbodaieient;dhéniprgerdatacans e dio o fiepddewvsiiainencompasses a

zgt;f four prisns And 3 dGEhHEWING. AeE AN RLRUIRRICISIER QX nsT RE GO fhgn proceeds to
the sides to be illuminated with a first color light and the top to be illuminated with a
second color light, to allow different colors of light to be used to inspect both the sides
and the top, to use light wavelengths that are optimized to detect predetermined classes
of defects, or in other suitable manners. Side inspection system 312 and top inspection
system 314 can also or alternatively use light from different light sources in different

locations to enhance detection of defects, damage or other aspects of an inspection item.

In this exemplary embodiment, a surface defect can be detected by comparing image



At 506 it is determined whether there are multiple pieces being inspected in the field of view. If it is
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 genergted 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. A CHRRINBRY: I @9&!8&%%‘;119%%%?’_sG&ﬁtQQB?r'HeE’e%Eﬁlgfﬂ%ﬁL%&?” be

generated, data from predetermined locations within the set of image data can be analyzed, or other
suitable processtss Ran Welisarfisiereer. MrEehevHabteN G ceeds to 510. 10 exemplary embodiment, a
command can be provided to a pick and place control device to drop the piece into a defect pile, an

indication can ated for an operator to remove the piece and perform manual inspection, or other
Suitable procestiE UE e i 0L, RS GBS Ao b O HPRCHb0E FESBIGEed ispection
the method retuwmbadibOR. df ihéspetsrminventiah 506speatonusifidenpib¢es swevbaingienspéitiad, the method

prooeeds {0 S R4, MG U %8GR 0L 1905 Anhlfes QLR Multalg igpecton pieces

and the top and side images are segregated. In one exemplary embodiment, | Itiple top images and
side images aranshedesninspepiagnbiqse ceaddng ty vioh oty sepaiateatiotopy itaagé0darifrdaR the side image

data, but also tggsseriats dhenside. image datd withrihePiphRen wRINATR A MSe asddiarm a complete
set of side top image data for an inspection piece. The method then proceeds to 516 where inspection of

the image data 1 PEHOPMEEY I HY 8 SRS RIBONiHdAPERAM BSHa tlde faye’dHt set can be
inspected using:thknmodiieishedtiomproeaspe sisusheasdni piogran dnspelntioneniisyedtionst of

predetermined %rseg%éﬁ(?lgn%%&% 2wlllgoé%qﬁtl?@,-m%f;ﬁ%&%?gtnl%%ﬁgco?elg%&t%%s1 %%magﬁ or fail results

are tracked. In one exemplary embodiment, a pl ty of pieces may be inspected at onetime such that
any defectively Bideshbitd heowgisdéiilediwithebgle Bnghbeplingityomind Satnoiigsidedsnmithis exemplary

embodiment, thgdragkipa@fihaeasmapelsi restiimallaws deomnlete sghafiinaagde-bagenerated for
each inspection piece as it is mgved past the inspection device, thereby allowing on the fly inspection of

inspection piecE¥'E B 1R BTG ﬂﬁ&%&%@ﬁﬁ?‘ﬁﬂﬁ'&ﬁ’eaﬁ)hﬁﬁéﬁ e RbiehfarabRRwithout
movement of thiiddspectiodifiteaediipitisd axis direciiber kelatble tathedirection of movement, such as
into the inspection device. The method then proceeds to 520. At 520 it is determined whether a complete
set of inspection data has been received for an inspection piece. If a complete set of data has not been

received, the mashbawatirAS00. sopcapnrleyinspeetitaie basmrecrdanasnaniien cosimetélset of image
data is generatggh (AthanyigsstheimptoeshsReeedsao akPvhers ivisdatersinest whsthasthe inspection

piece has passed. If the inspectign has passed, the method returns to 502. Otherwise, the method

proceeds to 528'5erk tha HIpebinsh plAePsriphagIailR 1q 414C through prism 412C. the

side of inspection piece 414C through prism 412A, and the sides of inspection pieces
414B and 414C through prism 412B. Because the image data includes different sides
for multiple pieces, inspection piece tracking system 404 identifies and tracks which
side image is associated with which inspection piece. In one exemplary embodiment, as
inspection pieces are moved by an inspection piece 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 image 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. Alternatively a prism may be introduced below piece 414 purely to ensure that
the refractive index matches with prisms 412A-D. 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



rejected, and a suitable process is performed or indication is generated. The method then returns to 502.
In operation, method 500 allows inspection pieces to 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
utiized by an inpeeipR.daYice Nt PRIRINS Al AR ion mags.gfia i Beeingls eldabigy. so as to
allow for continuous movement, on the fly mpspectl n, and other suitable processes to be performed.
FIGURE 6 is a ehai§radPorectight Bissedapragoddt Sctsedsmass Wi aleksnssioy ertvdifent of the

present inventionqd lighb pssembiyntQoinchies Jighting alements 60RAdhrouaib RA2L wihigh are located
within lighting element suggorts 606A throu%h 606D, resp%rt?i{\{el . In one exemplary embodiment, lighting
I

elements 602AfHYotIGH BB2B'CAI BE BHVBEH TR BESHE RO gk S BHEBIViding
illumination overnd iespgetitronydtere d RegreesdoiBliclegneef wracthgnidaitakies ranhabatpiing-shaped array

of LED lighting elemenys of qthe, siable o, sIGRenis, 5044 tgyal. 604R ai alsp [oated within
A85bA i i s 34N

lighting element supports 606A through 60 espectively, h as to provide a low angle lighting
source. Arrow BO8tEHIsH/sos IASPlatioritism Brbhaadledarperrondhipisdassamesty®anom operation,

light assembly G0 is-isedderiRetiar o thardaspestion Riilepis-andoramaas ishyiegdo the sides and
bottom of an inspection item using light from light sources in two different configurations. A channel in

light assembly 8H8AToWLE RRESEEISAMEHEYD be moved vertically along a one dimensional transit path
(e.g., along a line) through a prism array, which is used to generate image data of the sides and bottom of
the inspection i IEW Qutre %' "l\‘ﬁ moyeme Bg&%iﬁﬁpgg ion | e%'n : .“j'rge gl%ng such as a two
or three dimens?%ﬁa transqlt '66}%1 e.g?wi(%\ﬁ)ut élldeways molve e({‘et}lt%alrlcfr'l v%%ﬁsgu% r%eegjlrng tqflower the
inspection itemBFfNa SpacdBarRtambd Byedrismaoramerore). IDIPRstEt NigktindelisteASSclh be used to

illuminate the bgttora.Ape sifiesRfaRHIPEREtiIARIaNR AP AIdRdifferant wakelensthsiofdight, to provide
different illumination angles, or for other suitable purposes. Light assembly 600 can be 12 used to

provide improvEa&eB AL YA SRS RISHY T AR RO atiE A% Do RIAL RoohhErdYe WK ction of
package defectheFpBidiREy Ofs mishiagramiof @lightiassembiynd&ls, ingeadntance whthhan éxemplary
embodiment of the present.invention. Lighting element s t 702 holds light emitting diodes 704A and
0B or other ST ey e e BB e el by
support 712, whithdamaseesuclibhroetbeddhauieishe ¢h & Adhishesctonastadia pregtisratesin Ip06 and to

move inspectiogqten /36t evgRigehameehiflighting £lement sUeROH:(0RaLightspilting diodes 704A

and 704B can be dit:s osed at an angle or otherwise configured to1 concentrate light on the sides of
inspection item b8! 1A bRES BRI SMBOUREEHE R RIEHRE HISALs s R ar87B9B%an be disposed
at an angle of 2@doBbeaairee®iom horizontal to provide optimal lighting to the sides of inspection item
706, or can otherwise have an angle that is coordinated with prisms 708A and 708B.

At 506 it is determined whether there are multiple pieces being inspected in the field of

view. If it is 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 image data can be

analyzed, or other suitable processes can be performed. The method then proceeds to

510.

At 510 it is determined whether the piece has passed inspection. If the piece has not

passed inspection, the method proceeds to 512 where the piece is rejected. In one



Prisms 708A and 708B are disposed below the path of inspection item 706, and are surrounded by a
circular array 710 of light emitting diodes or other suitable lighting elements. Circular array 710 is shown
in stylized format, as the light emitting diodes or othgg)lighting elements can be disposed on an annular
ring so as to provide uniform lighting around the inner periphery of lighting element support 702, and can

be angled or otheryise AiSROSEH.SQ QSCB%&%%%QH%E%)UQQEQM#E #g&?&’ﬁﬁ ”ﬁﬂgé‘&?n%irb%@{%%ﬁo” item 706.

In operation, inspection’items are moved through a channel in assembly 700, such as in a linear
fashion withouttPe@isipitly aurfitioral hrilsiient Mia sBdbfigasiPerd dimesrisiaisddbbos PPRIAYY tivat are

configured to obtajpvimage datannd therside ahine inspestion BeoinA fishsrt gblightingslements are used
to concentrate light on the sides. of the inspection items, and a second set of lighting elements are used to
i ot Shepbciioh fhig

provide illuminat & B s Ade SRS &R T &9 SEEH oM IPERIS i De held in an

inverted positiomsb@stmaliaw®20p surface of the inspection items to be inspected, such as by a
vacuum pick-and place tool or other suitable supports, which are then moved through the channel and
over the prisms. A camera or other suitable device disposed at the opposite end of the prisms is used to
generate a singleisit dtimuprd aafPo1BaHat iiple descalrfo besiRiesksctpd thepeitiohntesseds well as the

bottom of the ingpration: isgm ihhe IEHIRG SRUEATSARAISH Reused i mrovidagioMipscabdifferent angles
or wavelengths to allow different sets of image data to be com&%ared to aid in detection of defects or

damage to emgHESY S MO PSSt HRtRRLY S Ae BhckAGa BT 2B $BP B Yuifable purposes.
Although exemplahypgmibpdimenisanfl asslgsienpendrm etbedtofitheapresentinventionnoavalyeen described

in detail herein, (ase. siilled iq&%eaggyjpﬁgllﬁq rf:egl(%i%.nlil%% t@%&‘é?ﬁl%k‘%l?é’*?ét'ts%ﬂgﬁ?ea}lﬁg [pRdifications can
be made to the systems and metfods without departing rom the scope and spirit of the appended claims.
14 image data with the proper top image data, so as to form a complete set of side 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, inspections of predetermined 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 defectively 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 image to

be generated for each inspection piece as it is moved past the inspection device, thereby

allowing on the fly inspection of inspection pieces as they are being moved laterally

from one location to a second location without movement of the inspection pieces in a

third axis direction relative to the direction of movement, such as into the inspection

device. The method then proceeds to 520.

At 520 it is determined whether a complete set of inspection data has been received for
an inspection piece. If a complete set of data has not been received, the method 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 has passed, the method returns to 502.

Otherwise, the method proceeds to 524 where the inspection piece that has failed is



'What is claimed is: 1. A system for on- the-fly inspection of components comprising: a prism structure
disposed below an inspection item transit path; an image data system disposed below the prism structure;
and a lighting assembly for providing a first lightipg source to illuminate a plurality of sides of an
inspection item and a second lighting source to illuminate a bottom of the inspection item. 2. The system

of claim 1 whergin Hg lighing asgemble ComPrises A.anannal ansles '%%&Q%t%&?p%ﬁg%eﬁ%@ transit path.

3. The system of claim 1 wherein the first lighting source comprises a dome lighting source. 4. The
system of claimERisEr@intt¥ nspection item transit path is one dimensional.

In operation, method 500 allows inspection pieces to 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 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.

FIGURE 6 is a diagram of a light assembly 600 in accordance with an exemplary
embodiment of the present invention. Light assembly 600 includes lighting elements
602A through 602D, which are located within lighting element supports 606A through
606D, respectively. In one exemplary embodiment, lighting elements 602A through
602D can be provided in a dome lighting support, such as one providing illumination
over a range from three degrees to 80 degrees or other suitable ranges. A ring-shaped
array of LED lighting elements or other suitable lighting elements 604A through 604D
are also located within lighting element supports 606A through 606D, respectively, such
as to provide a low angle lighting source. Arrow 608 shows an inspection item 610

transit path through light assembly 600.

In operation, light assembly 600 is used to perform on-the-fly inspection of items, and
provides lighting to the sides and bottom of an inspection item using light from light
sources in two different configurations. A channel in light assembly 600 allows the
inspection items to be moved vertically along a one dimensional transit path (e.g., along
a line) through a prism array, which is used to generate image data of the sides and
bottom of the inspection item, without requiring movement of the inspection item in
other dimensions, such as a two or three dimensional transit path (e.g. without sideways
movement and without needing to lower the inspection item into a space contained by
prisms or mirrors). Different lighting elements can be used to illuminate the bottom and
sides of an inspection item, to provide different wavelengths of light, to provide

different illumination angles, or for other suitable purposes. Light assembly 600 can be



5. The system of claim 1 wherein the inspection item transit path does not require movement in a second
dimension. 6. The system of claim 1 wherein the prism structure includes a plurality of prisms. 7. The
system of claim 1 wherein the prism structure comprjgses 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 insﬁ’s%?“t%rbl‘i?\%@hﬁ&)?&i&‘i %Eﬁ?él%ﬁ%‘;ﬁ’%iﬁ’én“?sﬁ@il%%?ﬁ%t%ﬁ%%&&fnoéﬁ@,as‘&% 204p 50. 8. The

system of claim / further comprising an angular relationship between the first reflecting surface and a
second reflectingRigMadelestiaon obprokage fa{ectystem of claim 1 wherein the first lighting source comprises
a plurality of light emitting diodes disposed within the lighting assembly and adjacent to the inspection

o P A ad0a 1S T A et 1 seeendging o apptes an el
embodiment of the present invention. Lighting element support 702 holds light emitting
diodes 704A and 704B, or other suitable lighting elements, which illuminate the sides of
inspection item 706 as held by support 712, which can use suction or other suitable
mechanisms to hold inspection item 706 and to move inspection item 706 through a
channel in lighting element support 702. Light emitting diodes 704A and 704B can be
disposed at an angle or otherwise configured to concentrate light on the sides of
inspection item 706. In one exemplary embodiment, light emitting diodes 704A and
704B can be disposed at an angle of 20 to 35 degrees from horizontal to provide optimal
lighting to the sides of inspection item 706, or can otherwise have an angle that is

coordinated with prisms 708A and 708B.

Prisms 708A and 708B are disposed below the path of inspection item 706, and are
surrounded by a circular array 710 of light emitting diodes or other suitable lighting
elements. Circular array 710 is shown in stylized format, as the light emitting diodes or
other lighting elements can be disposed on an annular ring so as to provide uniform
lighting around the inner periphery of lighting element support 702, and can be angled
or otherwise disposed so as to concentrate light on the bottom surface of inspection item

706.

In operation, inspection items are moved through a channel in light assembly 700, such
as in a linear fashion without requiring additional motion in a second or third
dimension, above prisms that are configured to obtain image data of the side of the
inspection item. A first set of lighting elements are used to concentrate light on the
sides of the inspection items, and a second set of lighting elements are used to provide
illumination to the bottom surface of the inspection item. The inspection items can be
held in an inverted position so as to allow a top surface of the inspection items to be
inspected, such as by a vacuum pick-and place tool or other suitable supports, which are
then moved through the channel and over the prisms. A camera or other suitable device

disposed at the opposite end of the prisms is used to generate a single set of image data



11. A method for on-the-fly inspection of components comprising: moving an inspection item through a
channel in a lighting assembly; illuminating a plurality of sides of the inspection item using a first
illumination source; and illuminating a bottom of the jBspection item using a second illuminating source.
12. The method of claim 11 wherein moving the inspection item through the channel in the lighting
assembly compfises, MG g DeResHan KRMIRANANE dIMa0sarnodsh The methadgf claim 11
further comprising: moving a plurality of inspection items through the channel in the lighting assembly;
and  generatif-infAgdighiiaof e plGralidp o bsides! 3p daer dst HeBtRL B Sideretd Mg s inspection

items pass overaRIisassemely diffdrehh Msthndefciaimn dd Wwhekeda ibuminatisgdisnRiprality of sides

of the inspection item using the first illumination source comprises illuminating a plurality of side comers of
the inspection ipeer‘f‘?cﬁssﬁ{ i‘ﬁ@%ﬁs&"iﬁ %{ﬁ&dléf](?{ﬁ‘?}et.ypes of damage, such as packigt defects, or

for other suitable purposes.

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 systems and methods

without departing from the scope and spirit of the appended claims.



15. A prism for inspecting components comprising: a first end; 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 point of reflection of 45 + a, where a is approximately 20 to 50; an angular
relationship between the first reflecting surface and a second reflecting surface of 45- al2; and a
second end, w ai[‘iyl‘?af etdrclesf,lecting surface and the second reflecting surface are disposed between

the first end and the second end. 16 16. The prism of claim 15 further comprising a plurality of prisms
according to cl dim 15A system for on- the-fly inspection of components comprising:

a prism structure disposed below an inspection 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.

2. The system of claim 1 wherein the lighting assembly comprises a channel

enclosing the inspection item transit path.

3. The system of claim 1 wherein the first lighting source comprises a dome

lighting source.

4. The system of claim 1 wherein the inspection item transit path is one
dimensional.
5. The system of claim 1 wherein the inspection item transit path does not require

movement in a second dimension.

6. The system of claim 1 wherein the prism structure includes a plurality of prisms.

7. The system of claim 1 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° + a, where a is approximately 20° to 50°.

8. The system of claim 7 further comprising an angular relationship between the

first reflecting surface and a second reflecting surface of 45° - a/2.

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

inspection item transit path.



17. The prism of claim 16 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. 18. The prism of claim 16 wherein the plurality @f prisms comprise: a first pair of prisms
diametrically opposed to each other for providing images of right and left sides of an inspection item; and

a second pair of prismg,d %@H'Sﬁé)ﬁﬁ?@%&&% %%Ciéc%%fléﬁﬁ g%xu%&% g5 Qﬁf;[e‘ghﬁnd back sides

of an inspection item. 19. The prism of claim 18 further comprising a fifth pr| m oriented In the center of
the first pair of B8 ekt el SagstripaheOrphsAtsaRs iRatdpafET E AR index for a focused image.

11. A method for on-the-fly inspection of components comprising:
moving an inspection item through a channel in a lighting assembly;
illuminating a plurality of sides of the inspection item using a first illumination
source; and

illuminating a bottom of the inspection item using a second illuminating source.

12. The method of claim 11 wherein moving the inspection item through the channel

in the lighting assembly comprises moving the inspection item in only one dimension.

13. The method of claim 11 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 item as

the inspection items pass over a prism assembly.

14. The method of claim 11 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.

15. A prism for inspecting components comprising:

a first end;

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 point of reflection of 45° + a, where a is approximately 20° to 50°;

an angular relationship between the first reflecting surface and a second
reflecting surface of 45° - a/2; and

a second end, wherein the first reflecting surface and the second reflecting

surface are disposed between the first end and the second end.
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16. The prism of claim 15 further comprising a plurality of prisms according to
claim 15.
17. The prism of claim 16 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.

18. The prism of claim 16 wherein the plurality of prisms comprise:

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

a second pair of prisms diametrically opposed to each other for providing images

of front and back sides of an inspection item.

19. The prism of claim 18 further comprising a fifth prism oriented in the center of
the first pair of prisms and the second pair of prisms to match a refractive index for a

focused image.



