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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 p& SIBREOEHONe ShSTENM PNe 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 tsignificantly danger 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 genaetation systemsdavingifferemtfocaldengtkhs. GOrSUNBMARYeing

ir%%t% %@gﬁ:}%ﬁ%&%ﬁfﬁg%ﬂ nAcgordance 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
BACKGROUND 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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5 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 without the need to compensate for different
focal lengths. [0005] In accordance with an exemplary embodiment of the 10

chfgseidirveniion, asystenaéel inspeatingcampoenents isprevidgdoens  with
system includes a prism having a first end, a second end, a first reflecting

SEUHARE, 4ritfla BEEGTS Teftérting SuHAtE PHe Titst BhA ¢F tF&* prishSs fgtat&s tton
o n cvplavedhatsis parallel to and axially separated from a plane 15 of one or

(%% §A0f a pIuraIit%/ of inspection pieces. An imagge Ogata syste i%dispose .
[ORUZ14 the SRcoRa Nt o1 tAE prighn aréF GERerATSS iMAQ< dta o bnd G o™ n9
mumarecdféhesinggecton pregee that dacludes a topsurdacesof atteastraneiofdtie that
inspestion, pieces andatleast one side,gf at least gne pf the Jnspegtian 20 5,
pieces. An w?spectlon plece(?ransporta?lon system, such as 2 plcl? and pﬁa%e
tdoolw¥ conweyars neavesap plusality 0f inspection piedes pdstdhe fiestand efurface

w$1¢ prism throyah.an Jnspection area, [0006] fihe present invention provides
many important i tec%nlcaT%?ivantages. ne important technical agva%tage
[@P0hE presant inventionlsare inspedtiorssysteretirat atilizesmpusimaeith twd  the
feflecting,surfaces that compensate for t Jocai'ﬁl%%@{jlfﬁe eNCE RPN s 4
P the d(ﬁferelnt inspectl%n surfacgez anj[? thi}fﬁ allow the mspecctglon saﬁgces to = 0
Pievaldesd 30 iftdtoseysroximityrwithidach éther serasitoicrease therst end, a

sé%%%ﬁ_o?qu#be imagedgta. 2 [0007] These skilled;ipthe art will further,  socong
appreciate the
reﬁﬁgcting surface. The first end of the prism is 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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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. 5 BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS [0008] FIGURE 1 is a diagram of a system for

[O0SPEFting abjeets ik Recarsance withanexemplany embedisent ghthe-18te the
%esent invention; [0009] FIGURE 2 is a diagram of a prism in accordance
a |ﬁP%ﬁ9b%m6Féﬂ/ eTBSdimht of §7d- Present fverttioh; (08T HIEURES e ther
wicdiagraneef aisysterndaringpeatings Carnpenreits israceelanse withdheietailed
exemplary embodiment of the 15 current invention; [0011] FIGURE 4 is a
IGREA 3 HAPEotSH AP SERoHHBEa Wi ar BverHialy -3
embodiment of the present invention; and [0012] FIGURE 5 is a flow chart of
a method for inspecting 20 items utilizing a prism inspection system that

eliminates the need for the axial movement of inspection pieces in

accdiBidhte DASCRA RXEADI&Hy ethtbodiménRAEthéléSe MRnVéibtidRARABINGS

[QJ6RY/-ED PESGRIPTION.OF, PREFERRED EMBODIMENTS [00131Indhe . 5 g
escription that follows, like parts are Tnarked't rough%t the specﬁicatlonp

olanedrawings withctheanwe referenceanumeralsrespectivelpofhendrawingt  the

p]]fifggé% might not.be to scale, and certain components can be shown in 30
generalized or schem’atic form and identified by commercial designations in

[QROhlerest B ElaRE ahdiconeisehess:B(00f4]FIBURR 1 is1a dizgpanesfee with

a§y§§@%&99P§wQﬁB®agﬁént of the present invention;

[0010] 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.



10

15

20

25

30

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 5 term "top" will be used throughout the
detailed description and claims to designate the surface of the component

[0oatay direqlydaring the sameta anether brage datatgenerations SysteAkpecting
even though that surface might be the bottom or one of the sides of the

ORpfifponent as it KEQHAAIEY ustdt 1o [B157858R 180 iRBRAes Hdpectidh e
peeeent02 ane prison 104.Rrisrad 04 (19 cenfigewed so as toreflestlight @aghe f an

ath shown g%/ dashed line 106, such that the sjde of insrggcti,on piece 102 .
Olthi Ve SeenTront HE BEGEM fACE 198 Bf D To4 T this makmar, theta-  The
teamera opOthed devicekkb genefatirigrimagecdata car gekreratd bwagecdata 0bt ion
ar%l&e tgf af ins ectign giece JE%Z %shwell a%he side tOf itsgecéion ilece .10

as seen from the bottonT face 118 of pﬁgm T04"inthe 'direction | %Pc%rt]etd b;l at 1s

dile atrow ofdashed liné 4 06c {0C16] White mitioes coulchalso btseddgeneration

enerate such ZEh image data, one draw back of mirrors,is that the focal
A T R R B R Jape ot
the the Bottomfaté 4 18 ofprisaniO4 willlbe dengertthan tike focad éehgth of the

[ét?i%f(om the 10p 9f 1RSRECUQN.Rig gé%@ﬁgeaé%}ng [ANE 111%?“ e HOPr 1 sm
of 257Inspection piece 102 that is also parallel to bottom face 118 of prism
1094. Bevause priSrh 104 canbeluseed agjustthe tocaldéngihtsoasdot on the

pdnaich the facal lengthaithe direct image from the, syrface,ofinspections ; ge o f
~ piece 102 to viewing frame 116, the effective focal length for the side image
1RECRrsdeiatithe Bottefrface 119 6f isph 104 aRd thietopoftom 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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inspection piece 102 to viewing frame 116 can be the same, 4 thus allowing
a single set of image data to be readily generated for use in inspecting
inspection piece 102. [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

tHarger.dnibatiegbodiment, @largesaumbegrof pixelseof image data weuld readily
need to be generated for the space between the top of inspection piece 102

IHNARE TG avaiabIe o 3P fififroF Showing Thé SRik &FiRSHect %'piece
[Q027Pystenm A00s dariscalbowys ailigher pixekdensiyinageda be forrged dhatte an
. 10 includes the image data from the top of inspection piece 102 in viewin .
P Ti0 B (o 088 of hebBEit PeR T0DCta N botche takeah o view
w@utisth be4. [aeL8]rAs shown ikl GUHREL, the anpgle d defirestheber of pixels
elationship between reflecting surfaces 108 and.110 of 15 prism 104
o e o e S b LA oHo Re poie of e tyeen

tlat firstwefleting sueface A08m@inekc ¢thel planerof thenmspection pieee 188lat from a

0 ]the Qg_intS 8‘23 vrveflectigg. The.%negu(ljafr rellationshég between the plane of é‘irsttem 100

1n e nspe n lece . . S
eflecting surface 108 and the plane paraﬁelcto the 28 p?ane of the mspé/ctlon
tIpiece 402t shespoint ofi eeflectiore is 4w 5l and tiresargulae retatiodshiped  that

- first reflecting surface n cond reflectir; Ojs. 4
e e e LSS T IR it .28 o
1eeanithiat frerefisankightidd gapntl 2 25hetweth tivd plameseenthiring theesls 102

c10f Brism 104 and the, plane gontaining the top,of inspection piece 102.
Lighting gap 112 needs to be large enough to allow a low angle lighting

[0018] As shown 1in 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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source 114 to illuminate the top and sides of inspection piece 102. As such,
the use of prism 104 provides the additional 30 advantage of increasing
lighting gap 112 over that of prior art systems. 5[0019] FIGURE 2 is a
diagram of a prism 200 in accordance with an exemplary embodiment of the

[Goasant invenliGoRENlke 1 prisin 404 yvhigh is a five sideshprisophavingathees-dance
obtuse angles and two acute angles, prism 200 is a six sided prism 5 havin

thﬁﬂ%eadbt&é%eﬁﬁ&l% Yol RGRT IS, atd teadiié Siittes. 'Pright 268 - nlike
pincludes @fielehafanewiidendifietibye lineisd2ORAmnds202BaAsishiowmiftee obtuse
FIGURE 2, the %oints A and B gaﬁlor:? the sides oéﬁra insg%ection object,\%ogld .
ApEhefiedBd thrblgh BHEM 204Gy the'dadhed lifes'shofin 28208 g™ Pr+s™
h208n40 The sesubantimage atthedyottomeof prisht204 mplidd inwerd thewo acute
osition of the points nd.B, such that point A would be on the left side of
TR o e R B e S ot ot Led by
1iveuid béeppasite HEBT théapparent positibn @fkae Sidesod theoinspectiorend B
s viewed 15 by a single mirror..Likewise, dashed lines are s n.,within
B S e e o A pyected
tIThevarigularirefatidonships betwedre thia séftettihg sasfacesvhpasm 204 aaed 208.

Tisimilag é% R@asﬁtSh%%gi@ _ FAQUBJ%%L 000201 In- operation, prism 204can; ;e
e used to generate the Image o1 a side of an mspectlon ObjeCt, So as to
thdlowthe ttoprareifsidés oPan ispettigmabet wusd cahtatedrinia sidglersetld be

o9f image,datp. Becausg the,focal lepgth of the, path fram dhe,sides Of theoosition
image object through the prism 204

of the sides of the inspection item would be opposite that of
the apparent position 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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25 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 image data generation system, such as a

p ghigitad t30iimaging system.JQQ2HFIGHRE: 3 is a diagramof a system 3eRifosoos .
inspecting_components in accordance with an exemplary embodiment of the

L presaht ishtior Sy <teiP $66 Hithudes s 306/ BRA S008I Sk o™ such

a S00A rareinspection piees/ransparation Systeim Sueh cas conveyor 302 arrow A
mov.in% in, the direction shown b%/ ;réow A carries ingi ection gﬁgieces 304A

CHiroligh 3DATPEAS AR inBgection 5 drea. PRsHEZ06A trodgi’ 306D capirs <t on
atmage data frans theosides afrinspectian gieces304Achrongh304Bt imafieom the

data generation system 308 is positio % ver the viewing area formed b
1A fop ShrTatas e SBRR TR UG J0bD M Ve ag aren SHEdly cate
gaver iispection pieces 3044 thricughp3@4D it ad they smovebadervimagerg area

data generation system 308. [0022] reviously. d, prisms 306A
et P B (Beal I (it 1 S o ol 1O, tR0sgn 3 tre
virom the surésceddfinspection pieces B04ACthroug P3040 as3they passough 304D
- dhroygh the yiewing areq gf image data generation, 15 system, 398 ¢In this

manner, image data generation system 308 can generate a set of Image
[QR22hat cohims-theltop of vinspactidbn piecesr8044 fHroligir 304D a30kell Asve a

£ 4fe pides. Low, angleding lighting system 31pprovides lighting fa.thep - ough  air

components under inspection in manner that does not over 20 illuminate
femhertthe siges 6P iR top sutfaget algivenpieces 304A through 304D as

they pass through the viewing area of image data generation
system 308. 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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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 is coupled to image data generation system 308.
As used herein, 25 the term "coupled” and its cognate terms such as

cokiplesser ceauplec gandnclyde a physigal ganngestian (skch gas@awiresuitable
optical fiber, or a telecommunications medium) , a virtual connection (such
C Y HRUGh ARSI dséigned memory locations of a data memory device or

[GORErtext transter pretwepka® HTTR) linkhoa logisakeannestion (sychtas 310

. through one or more semiconductor devices in an integrated circuit), or other

A AR OB G oM S REb1iE BXerRNIAN BrmBoAITRNE o FrooniBRCA GRS SYsten

3Medivmacan e avtetaiorkarother suitablemeornawinications-aedise [0024f tware,
Image compensation and inspection_system 310 includes side inspection .

o R e T Rt ot B B e e CARBE, Shd which

camplemented inchardware, softivare rer assuitadiescombsmatiomaf hardwaregeneral

and softwargbggd which ca_pal%eﬁgne or morg softvggr& systems operating on

urpose SS1n m. S c1ln rdware
P& §eneral Jpurpose procesSing platform. As Used herein, a hardware “systém

S maheincl_udﬁ_'la domb:rqat_ionaof d@n@e@pmpn@rﬁs,@iﬁmmeg ratedincaitts, an
ir?‘E‘e%QPA'Eé%‘I’er"i%‘;‘L fic, integrated, circult, afield programmahle gate aay, o, . o4

Iotherlsuna ardware. A software system can include one or more objects,
clgents; threads Lined of code asubrbdtinesadeparate software applieatioagitable

ndWQ,1 faore liges; gi-eode ar ather syitable, 13 saHyware yructyres gperatinggin . s,
two or more software applications or on two or more processors, or other
aggithble threads, lines of code, subroutines, separate software

applications, two or more 1lines of code or other suitable
software structures operating 1n 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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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 20 application, such as an operating
system, and one or more lines of code or other suitable software structures

t@perating imaspeeifie purposesoftwaye @pplicatione [0025) bnagee sides of
compensation and inspection system 310 receives image from ima%(?5 gata

L yEhniefdtionsystem 508 aNdC 25T tovitfesthe Side A Age iats 15 side through
3 ispectionsystent 3h2 @nddhe dop inage tdaty ta-topdnspegtioasysiem 3ldolates

In one exemplary empbodiment, image compensation and inspection system |
138 O T Eatb Bt RV IRagS faid SPBE SP RO HikobSHaR, risms

3 tkmugh 3048h sacrvas by disipgpredetermined 30demptates, imagetion system
3f|§te§t|on technigues or oth%r Sgga%'e (%rocgg%q_s. As shggvp in 300B, the

exemplary Sét of imalge data generate %ﬂ/rlmagé/dgt%agene(%rzra |&ﬁlgy§éfﬁels’ by

c@08careintiude &h& toprof grespettion piege 304C astwielhasdkesideseaaf by the

pinspection plece 304G as seeq through %’”?%‘f 306A fhrough, 306D }L”éa%e nners.
310 isofatés the images from the sides

compensation and inspection system
L ofinspeetion piece 304 usinghmishrssp808Achrongh306B0dnd providesvided to

tcsgerefs%sgd@ti%gae é@@éé/rﬁteﬁﬂ plat %a!%%!xsésﬁé'&ﬁe%?,byt%iéec@xp and, sides
transferring pixels, by compensating the image for any distortion generated
opyake prism assdeiatedwitle tHelipmagea dr it stitabkdmamsers. the focal

14ikpwisethe (op.of ihedpspeglion piace 304G jsprovidedito 19100 generation

inspection system 314. In this manner, thé top and sides “of an item under

s Yiedpttion Barf-Be §eferateePRiérethe Foct denttAdf tHersathlof viehkhgthat 1s
pdrony image datagenetatione. 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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system 308 to the inspection piece 304A through 304D that is being

inspected is the same as the sides view. Likewise, top 15 inspection system
314 allows image data for the top of inspection piece 304C to be generated
and inspected, such as using pattern matching, location of image data from

chredeternined.argas, masking pixal histegramrdata, orather suitabledata. over-
. 20 [0026] FIGURE 4 is a diagram of an inspection system 400 in accordance |
L Wit an 8kEmplany §rhbodifient bf e présent fvértion. SHEFEG N SYstein I1ven

cdPds shewndn viewss4Q0A ard 400B: AssShomvingliew«08; imggeliodes set

compensation and . inspection system 402 includes_ inspection piece trackin
€ ey cherh AR, BidbTRGpSCHo Sy ST 406, ARd 188 Hopeladi ystdii 4087
[002G¢ data genesatiom Systemi4R geneiates inage daja frdraihestield ofited by
. view that encompasses a plurality of inspectjon pieces 414A through 414D
nSHGr o ooty ARG e 0pS OF Mepectom pieCi AACRs tete | tobs  of
irexemptaryr80 wviéwad snspectivn pieces MAUBCancth414@edrlby viewirgy theide of
. sides of.inspection pie rough prisms 412A thrqugh 412D. Low.angle .
o e 18 peides TG (& e B CAmpinenti s (OHF pieces
4 Jddpeetion N Afanher thaydoes henover2 fluntihatesither the sideperthetoppiece

4 fl:t‘&fac&%fo%%’_e#r%o opent, such.as Q%%Ses‘ﬁf‘:c{&“’?é? IgPLEPUNNGon pieces
diodes set to different brightness values or in other suitable manners. 5
418627pAS sHoWhtyin B00ALHe eremplaryView genekated byeimalge damage data
1 Gengrrion system 410 inglydes %oﬁﬁf’ﬁﬂgﬁ%ecﬂﬁgcpé%%esi ?_eé%qon piece
414C as well as a side of inspection piece 414B, a side of each of inspection
t cng 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
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 1s 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.

10
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414B and 414C through prism 412C, the side of inspection piece 10 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

Tjeh side ipage isc associatad with Mdychrinspactiogpieceq In an®  generates
. exemplary 15 embodiment, as inspection pieces are moved by an inspection

e tranportation SR ETTRIEH 58 pRkHHtTrlacdobl 41830 the air&ctioRra™ ©°
r&f ayowsA, theyrare seanvgdnasressthe tiplsafyiew, of jnage dafa place tool

neration system 410, Image compensation and inspection system 402 .
11085 1 (HbE Gt Bd ABmfoe TreTAS5echin piebel TR topE Carhf L Led
itkesidesdrom prisms 412Adheaighe4h?D aad byldirect viewing from theoperator

surface of the |ns§ect|cg1ep|eces. leg\évge,ssomtable cgmgv?nst%uon Erocessn]go be

notitication n enera as,. % . ce
can be perJforme 0 compeﬁsélte]?or any image distortion introduced %y
mdramnslatipniof the sidedmage 28 tata lyuthesdssociated prsmms Sideninspecticid .
(YY" 406 @P@uﬁéﬁ "‘.ipe%o” gystem, 408 are used 1o analyze image dalg, ¢,
to ermine whether the image data indicates that the inspection piece Is
iragpeptabley Inspection piece tracking systemi4dd réceivesthesidedprigen that

o fA1A [esfing regults from Sj‘%er?’%é?@rﬁéﬂ%ﬁ System 406 and e b5 i1 three
inspection system 408 results and determines whether a complete set of all
afewr sidesandnienos ofan inspectiorepietehasdiderdgararated 10Umagessent

1,£00peNsation and inspeciion sysiem,402,9enesates, Rdications N+ i on pieces
unacceptable pieces, such that pieces can be rejected. In one exemplary
aEMbEANRAL, FiCKaRd platédtbol A16RcanTse ébmtrolfell s®as 5 feleagér@fr the

pltemthat hasfailed i sms, or in other suitable manners, 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 1is 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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5 inspection in a predetermined location, an operator notification can be
generated so as allow the piece to be manually inspected, or other suitable
processes can be used. [0028] FIGURE 5 is a flow chart of a method 500 for
inspecting items utilizing a prism inspection system that 10 eliminates the

imeed fapmevemenbef inspactiongpiecas iptthige axes ibaecardanceswith alan be
exemplary embodiment of the ﬁEge;esent invention. Methad 500 begins at 502
PvHerE TishectiOh pidtes ark MEVRIRIAEFEYSr & Blutality of prisms, under

[oosqyuralityref misms, or insothet suitable mamerscdepemndingitEzenhas passed
. whether the inspectjon pieces are being moved by a pick and place tool, a
LAFRIEVErBr in other suitible ariers e fiethod eé;o biRT6 507" the
mathesd ipage: datasis gengsatedwine oae exemplapcembedimentg theeimageIn one
data ?an be frqu g.field tview that encog\passesbaeset of\;gu %is S %nd 2. and
Siree 56%ie(\a7vﬁlné)arler%1€8r ther suitable fields of view"TRe method thén ©
P roecedsto 506. [(O29FAt 506 if ideterminedaviretherthere atefrraltipleile, an
. pieces, being inspected in the field of view. If it is determined that multiple
i spd o hecsh regthod Srod b 16 508 Where ohogs the
p date of thedidegeantotops ofdhedispecticippieteds generateddriteane sruitable

Myelmage dataanalysis processes gre perfarmed, Injone g MWea at 510
P embo |ment(,:(%he image data of?ﬁe s%ﬁessand tops can be an%gﬁ/ze toe ?
thitermire ifthe imadge datazonttinsarge3C indicationd of defddtochistedgramms to
5 §ata of pixels can be generated, data from predetermined locations within

the set of 11 image data can be analyzed, or other suitable processes can
[Qfe31] 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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performed. The method then proceeds to 510. [0030] At 510 it is determined
whether the piece has passed inspection. If the piece has not passed
inspection, the 5 method proceeds to 512 where the piece is rejected. In one
exemplary embodiment, a command can be provided to a pick and place

ie9gtroldavicerts diep the piege drto adefectqile; arJadication gakbe as it is
generated for an operator to remove the piece and perform_manual

NNGSECRE for Uitter SURBBR P Prodeddeean™he HEEY. LKW¥e it ;i the fly

igletersiined at 5310 thatthe-pieea has passed ingpectinatheanethadgetiynsmoved
to 502.J0031] If it is determined at 506 that multiple pieces are bein .

L3RRI the TABo [Toct8HE to-814, APB1A inthie 1% dah e hufBratdd thout

mdorthertopsoandisidesiof she atltiple inspeetion pieces, ant:tte topiandsidection

cAages are sgaregated., In gne exemplary embodiment, if mulliole o, . ¢ne
images and side images are present, it may bé necessary to not on?y

irseparate cthedoep image date frotthedsidéaage datse dsit atso3d @0

[ﬁéﬁnjiate the,side,jage data ‘_"’été‘tté‘%ﬁ’{% o t%_!er@%%erqaataac%%ﬁé%or@et of
a complete set of side and top image data for an inspection piece. The
imsethod then proceels to 526 wheee dnspectibnofdhe imagedateols piece.  If

a P%&%(B‘f&é“ °£‘§tex%'?p'%’(é{t%m%Ogémer'{‘&éhebtg&ﬁndfé@&i?;@z@,e dataset o 1o
can pe mspecte 25 using common mspectlon processes sucn as hlstogram
ringpattions? in§pectionslof Pre-dateppinediareas; be ofifer suitaledath. Theil a

cdpgihad dheq proceads 10,318 wheye pass.or Jail cesults are tracked. 0,008 | +he

exemplary embodiment, a plurality of pieces may be inspected at one time
nteRthaPARY 80 Hefektive 3rde sHBGiEDe AEsotiatedWithrrie 6Fthe’pRiF&IRy the

inspection piece has passed. 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 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.
[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



of inspection pieces. In this exemplary embodiment, the tracking of the pass
and fail results allows a complete set of 12 image data 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

s jaieeally fremonenloeation to aisecond locatipmwithout Fmavement ofdhepe  and
inspection pieces in a third axis direction relative to the direction of

SBridvemért, 5liéh aBRABIRE ifidpectivn device. The method then proceeds to
520. [0032] At 520 it is determined whether a complete set of inspection data
has been received for an inspection piece. If 10 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 piece has 15 passed, the method returns to
502. Otherwise, the method proceeds to 524 where the inspection piece that
has failed is 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 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
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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
cuBIsstems and methods without departing from the scope and spirit of the
appended claims. 14 CLAIMS What is claimed is: 1. A system for inspecting
"R mpohentS¢8inpridifg: a prism have a first end, a second end, a first 5
reflecting suxface s aneh asecond splieatingsurtasso thenfirst eneefitbe psism
located in aPIane hat is paralle# to and axially separated a plane of one .

fro
or mére dta pittralil? 6F inspectiort Piece§4H image 3&8%?/@?%‘?% os8d 1St
rdeyond they secantherd obA0 the paspnand-generating image datsef arte=orfirst

o0 of the, inspedtion plece that includes § top surface of at lsastane pf
the Inspection %leces and a‘ﬁeast onhe Sidé of afleast one “6f thé Inspection
aypieceky ase pa mRSpEEttidT piece trahspertatidn systenmrmoving aoI5 pluralityrality
Pf insgecti%n gieceseoast the first end of the prism through an inspection
O 1in 10n 1 SIS . .
aréa. 2, The systgm of cldim 1 wherein the prism compensates a focal length
of oneror morgsidds b orrysitroredsfthe s2Qlinkpaction pigces tematch eend of

t p%gggssﬁgm of 28€ QLMOLe 19R, SUraEesOf ong 9 roere Of the aspgalion ¢ 1y
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; 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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3. The system of claim 1 further comprising an image compensation and
inspection system receiving the image data 25 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.

s Ol hessystemf claie 3 whetein the inngge-eempensation and inspeetioghe of
system further comprises a side inspection 15 system receiving the image

ifata BPIHESiAE B Bt RESPoRE Of TR Trispetlion Preteshdlgélterating

pass/fail data. 5. The system of claim 3 wherein the image compensation 5

and inspection system further comprises a top inspection system receivin .
the image dABFOftHE 68 oP &t IEAECGhe of IF PLBedtin AL ard o= 5t ton
agenetatneepassHail dajas tenT hefsyistéraof ctaimpk fther compriging anspection

image 10 compensation and inspection sys ecejving the image data
R he Rere A3 syl BRG] Sopsaing Mg dadiol the T Lifide 8P ©F

t wo ior speretdfdhe gnspeetion pitcgsfrom image pdata /of 4he. sidiesaof two or
more of the inspection pieces. 15 7. The system of claim 6 wherein the image
compensation and inspection system further comprises an image piece
tracking systéra associating tHe imbgerdafa of the toprsurfane rafsach ofithe image
-4t saredpspertion piages wil fhe.gartespopdipg joage dapfionlie  qaca
side of each of the two or 20 more inspection piece for each inspection
fiphete L8 Thasystentiof elaify s Wherein thesfirsereflecting sudace cfahe of the

rArism,and the secondseflecting, surfage gf the prism.ae sepated byan image
angle 45 - a/2, wherein a is an
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 1mage ©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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25 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 a is between 20 and 50. 30 9. The system of

aglaiml, whesgindawangle ighting ise provided in a gapbetwesh theqplaneor  the
that is parallel to and 16 axjally separated from the plane of gne qr more of ,
P tHe Phdrality Of inspeshioh predts Bnd aecatitfpldhe 98 Dardfiéns thehat 1S
pdepmostisurtace afrene emass of theu pliwality of inspection piecasodd0.&f the
ethod for inspecting components comprising: moving inspection pieces

Piirotighah iRSpe&tithareathal 1€6GtEide of a first end of a plurality of

prisms, each of the prisms having at least two reflecting surfaces; 10

genetafing image datg al & second.end of the plurally of prisms of & plurality

of sides 'and a top surface of one or moreglnspealon pleces; and per orﬁﬂng

imagedatagnalysis of theoimageedata of bachuaif thepluraditeoftsides andef that
. the image data of the top 15 surface of the one or mare inspection pieces.
O G of Uatm 0 Wi Serfarriing W dge. dats arligis & <h ©F
tltke frmage dateecfieachaof the phuralitycofrsiés androf the image data of the

top S&%ﬂ%%gfcq‘r?go.r&‘?n%@éo. Jars i(’j?ﬁ?‘*&“%%%@r?ﬁs &R péiﬁte% %r‘:?ﬁrﬂ@gf@%y of

image data analysis of the image data of each of the plurality of sides

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 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 image 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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and of the image data of the top surface of two more of the inspection
pieces. 25 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

segregatingthe sigedmage odata of one of therwearmeyednspection piecesimage
from the side 30 image data of the others of the two or more inspection

Apiéce8PA7YH The nethisd ofd&m LhRerdin peifoPming tid'magetdata by of

s paalysisnef the irmage datayef erahrofdhe phuralityof ssides aad of thennages more
Jéjat%of the tc%E surface of the two more of the inspection pieces C(i?mprises .

°Ledrgatiiy e tp thade 8 tata 61°6HE ot 16 B HistE ifiShettion pidBes ™29@

ddrom the topeimagetdata ovthecathersref the) bwe ot note nispectorf pieceshe top

. 14, Thg neethog otflcl:laimthl Wheref'n Pﬁrf%ming the image data an%\l%/sis of,

lTﬁlglemagae Qata of each o (ﬁ(r-:-spll?rality of 103ides and of tﬁ%sn%%ﬁe data ot ©°°-
the top surface of the two more of the inspection pieces comprises tracking

over fime whellier, passfal gata. nas been aeneraled for,eaeh of e PIVEAIIY 15 g
of sides and the top surface of each of the two or more INSpection pieces.
ddBal 5aTaéyaethod 6f dlain lidnwhereitrgenerdtingathe invdget dataratthre Lity of

sféggn%l‘%?d S the, plutglity of %%%Q?QE‘“&Q'“E?@Y Qﬁ?@géea”géh?ﬁ Ptwo more
surface of one or more mspectlon pleces IS perrormea using a singie roca
o fengtie for 2ohe image Batrefeachiafthée piurdlity ok sides andthe imggevhether

p§§@7ggfﬁe&§%§u@%gtbeen 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:

a prism comprising a first end, a second end, a first
reflecting surface, and a second reflecting surface;

means disposed beyond the prism 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 the
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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16. A system for inspecting components comprising: a prism comprising a

first end, a second end, a first 25 reflecting surface, and a second reflecting

surface; means disposed beyond the prism 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 the at least one of the inspection

pieces;] and 30 an inspection piece transpartation system moving a pluralit _

of inspettion pecEd pastth8 top didrtite of tHE Srighthrbligh an ‘inkpectibn®ct+nd
swaréacd8 br. Tiessystersof elaiin tGavheeein:ihe first leftecting surfacecef the  the

o 211311 ad the seoond feflccting sufase offhe jpyism arg fieposed ALaD o o ay

ang 5 - ereinaisanb5a g?e between a plane, at a point o
angflectibatofere first Peffetting stirfate of g prisn tif s paraiiel totheche first

rPfane of pnespr-more of a plurality,afinspegtionipieces.anda PNt the ane of
side of one or more of the plurality of inspection pieces, and where a is ,
OHetWéer'26%nd 50! 18118, 2rhe- dytém St &t 18 furth& - Sompridig Tnedns™ = o0
tHer raceiving theninage dataand sepakatipg imagetdata of thedppcsudacesakces,
- I%%st oeneo(ofi tgebigggg%triloggieceg r%a'mage data of the side of at least
one of the inspection pieces. 15 19 The system of claim 16 further means for
receiving the image data from the image data system and separating image

data ofthe tpp sudace of wo-ormorg of the inspeqlion piggesfamimagde s or
data of the sides of two or more of the
receiving the image data 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.

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

inspection pieces.
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20 inspection pieces. 25 19 MULTIPLE SURFACE INSPECTION SYSTEM
AND METHOD ABSTRACT OF THE INVENTION 5 A system for inspecting
components is provided. The system includes a prism having a first end, a
second end, a first reflecting surface, and a second reflecting surface. The

first end oftheprisnkisdoeatedrin aplane thains arakiet taxandvaxiallyp

separated from a plane of one or more 10 of a plurality of inspection pieces.

An image data system is disposed beyond the second end of the prism and
generates image data ZBSERACMOGFOMKE indEXiDhQiece 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 15 pieces. An inspection piece transportation

system, sycitama pick and placetioabor comeyioemeves & plirality o&d . The
ms%l%tlon %fcgs gast the first end of. the prisnffl through an |nspect|on area.

S prism havi cond énd, a
first reflecting surface, and a second reflecting surface.
The first end of the prism is 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
pileces. 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.

FIG. 5
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