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1 PERIPHERAL INSPECTION SYSTEM AND METHOD FIELD OF THE
INVENTION 5 [0001] The invention relates to optical inspection of objects
to determine whether they meet required manufacturing specifications,
and in particular to the optical inspection of the periphery of an object
using a single set of image data. 10 BACKGROUND OF THE INVENTION
[0002] It is kit k-BAticINSRERL KGNaRERMeAMe - ToPBefects that
would render the item unusable. For objects have multiple surfaces, such
as bolts or other items having a 3D continuous periphery, inspection
typically requires obtaining 15 multiple sets of image data. For example,
kDo o,

such objects may be i I'hPoﬁgnt id5n H\W@ﬁﬂ ined position and

then moved to other pre-determined positions. This requires multiple
images of the object to be generated. Furthermore, the inspection

[ooo g SO acle Poioct faddecogpise ipnseiiiias fsackitn  or

new oriéntation. This process requires a com a Sive
objecfisration theteam beehaviekingyr fattw@yn thegirod@stionrac quatisFacturing

spec?%t&%lqcﬂ%%‘:t%@p'\fepge Y&FCE%INI\./AE'\WQ I\bj)ﬂ%%%?j] #rﬁspection of

accordance with t t invention, a system and met or

the pepéphed ybREtaaropiraied sibigvarcomg ihsatpabldmagatidata.
systems and methods for inspecting objects. [0004] In particular, a
system and method for inspecting objects are provided which utilize a
single set of image data 30 that captures two or more sides of the object,

such as image 2 dBAGFGRO NG, Beﬁlﬁ'ﬁerWFtHér !)Qﬁ‘lect in projected
[oooRglar copgdinaekiodb] tid acsorderdd yith asxempiaiy erakadimedt items
for YerecRS e SoeTa® Fanaer CLlSPSTE touabte S9%%% objects
have multiple surfaces, such as bolts or other items having a 3D
continuous periphery, inspection typically requires obtaining
multiple sets of image data. For example, such objects may be
initially oriented In a predetermined position and then moved to
other pre-determined positions. This requires multiple images
of the object to be generated. Furthermore, the inspection
system must still track the object and recognise it once i1t has
reached the new orientation. This process requires a
computationally intensive operation that can be the limiting

factor i1n the production and quality control of objects.

SUMMARY OF THE INVENTION

[0003] In accordance with the present iInvention, a system
and method for inspecting objects are provided that overcome
known problems with systems and methods for inspecting objects.
[0004] In particular, a system and method for inspecting
objects are provided which utilize a single set of iImage data
that captures two or more sides of the object, such as iImage
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5 an object is provided. The method includes generating one set of image
data of two or more sides of the object, such as by using spherical mirror
segments that project all sides of the object onto a single image and
generating an X by Y array of imagegata of the single image. The

projection of the-dmag gt't e fog, su
dataidgﬁif%%% ir%%gf:glc?n Sp‘%‘c?g gsfgleIJ to locate efé?i&ec#tthg rcfbj%%tg rﬁ(%%ed polar
coorgigjedied image data or by converting the image data from the projected

[oookﬁtgpect?%coatd&%af&aﬁe&am%’ﬁn %Prdé%ﬁﬁ-lﬁwe%ﬂggﬂnent of the
InSpection processes are then performed on the compensated image 15
presgate, dndeaE B9 sy IRethose®ibn brispessbinBattire optirficeg fGides of

an obFeviih il BrIRAIgE Mg Aata N EC TMAEIRIEE RERIBFREIR9Sne set

data into a Cartesian format and using Cartesian image data inspection

of ifiages<datood] T prREeManfertibigftoRdesthRnPihgskantspeh as by
us infgcapiRaraNtacas neJapRERRS tephRialAYRNA0ANNS IRTESET the

Invention is an inspection system that utilizes a single image of an object

objeghqhitsherticH NeHéie LPRERCAMBH cAIREANARBE B uded? pfesthtay of

imageircgaiiarestal thags phjResidemgs the Ulfli\@t,pﬁ%j%&ﬂmin@? tBe image
need tg obtain multiple 25 images. [0007] Those skilled in the art will

datay e FRBPr<cPRRGHE ARt es SHEFSUAS e ARREEATNNG dRiRRECTION
proctagsthertwit giheeineditataspEcthbeseeatraatdingth e defpieded image
descriptjon that follows_in conjunction with the drawin%s. 30 3 BRIEF . d
dataDE%rCRb‘no‘i\?E‘)‘ﬁefﬁE”@RA NGE886s] FREGREN W'a dllfanPEPA SCte
inspeytéonfocgendiatinges singl€amags bhthecentird pewipisry offaredbjestmined
performing an ins;éectio in accorq_ance \gitg an exem

inspgnﬁ]%%%pmgﬁ &%ﬁgeﬁ SIS K0S, (%e;r ormed on the cgﬁ[%nfssated image

data, such as by using the 1inspection processes that are
optimised for use with the projected image data or by converting
the projected iImage data iInto a Cartesian format and using
Cartesian Image data inspection processes.

[0006] The present invention provides many iImportant
technical advantages. One important technical advantage of the
present invention Is an inspection system that utilizes a single
image of an object under inspection, where spherical or conical
mirrors are used to present a circumferential image of the sides
of the object, so as to eliminate the need to obtain multiple
images.

[0007] Those skilled in the art will further appreciate the
advantages and superior features of the iInvention together with
other important aspects thereof on reading the detailed

description that follows In conjunction with the drawings.
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[0009] FIGURE 2 is a diagram of a system for performing a peripheral
inspection of an object in accordance with the present invention; [0010]
FIGURE 3 is a diagram of a system for analyzing a 10 single set of polar
projection image data of an object ungler inspection in accordance with an
exemplary embodiment of the present invention [0011] FIGURE 4 is a

flowchart of a mgthett feygyergpstpaNPSiPRgIAl HRagH Aake in accordance

with an exemplary 15 environment of the present invention; [0012]
[OOOBI[FURESITAREA :EB Ese getd phgmage dzfta@esgmmmfdemgesmmﬁ ng a

- ex y embo nt esent invenii 3] EIG a
S'ngg:%lgra?rﬁ] %Paé sygi*é) rgger%efrja ?ngéa 3% le Fﬁrﬁagg %ﬂi to%ﬁanﬁigést and
per fentireng:riphiery shspebieton0 ahd p@cﬂmﬂd@aaensmacubn ian  exemplary

WJE 23 ﬁnt of the present invention;
embo?ﬁoﬂﬁ or ‘?@é‘é’?\l rT\VM@

FIGURE a diagram of a system’for generating an image of the

[O00@} and Erll@‘é&ﬁen@hel@ ofartléptaand® hedorpyagen ifspecherForming a
peripHRYFIaNcs yd éﬂg?%‘%‘?fnpéafy 4R ©HRy eGP thgd?fS?%'&Helée”m'ih the

0015] FIGUR a diagram of a system for generating an image of the
preS@b‘hrﬂ‘é’@ﬂ@Wlphery of an object using a cone mirror in accordance

[001!3?&h an %%prégrm?mpgdlgleaﬁ abiPEmPTefed invgaien 3pdP0ldhalyzing a
URE9is a |aaram of a_system for generating an image of the top

SINgdky &ftfre Pkri 'of BA %bj%‘%? kAA 41peasmntladan fspaktigpakect under

i NS peeRT BANCRVIBICHb PYRMBER Yy Pﬁﬂpoﬁﬁn%&%mws@ﬁﬂdﬁmm@ﬁ‘t of the
[0017]_ FIGURES 10A and 10B are sets of image data generated to

Presgat oA SRt xemplary embodiment for generating a single 5 image
[0010fjthe top prdRRe antife periphEsyweharebjeet andmethod for processing

peripheral image data in accordance with an exemplary
environment of the present invention;

[0012] FIGURES 5A and 5B are sets of Image data generated to
demonstrate an exemplary embodiment of the present invention;
[0013] FIGURE 6 is a diagram of a system for generating a
single image of the top and the entire periphery of an object
and performing an iInspection in accordance with an exemplary
embodiment of the present invention;

[0014] FIGURE 7 is a diagram of a system for generating an
image of the top and entire periphery of an object and
performing an inspection 1in accordance with an exemplary
embodiment of the present invention;

[0015] FIGURE 8 is a diagram of a system for generating an
image of the top and entire periphery of an object using a
cone mirror in accordance with an exemplary embodiment of the
present invention;

[0016] FIGURE 9 i1s a diagram of a system for generating an
image of the top and entire periphery of an object and
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performing an inspection; [0018] FIGURE 11 is a diagram showing
surfaces utilized herein. 10 DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS [0019] In the description that follows, like parts are
marked throughout the specification gnd drawings with the same

perfbeﬂﬁrﬁﬁge WeTﬂ%oﬁ%%%%We'yiﬁhegi%‘é{F@J es Might "9hPe Bemplary
scale, and certain components can be shown in 15 generalized or
embogddiigndtioforthang resemitd byentikmicial designations in the interest

[001 c'arityﬁ&%?ﬁwsan@% FIGHRE (S ad#aqrrﬁﬂgef %éﬂegb%%‘}ated

generating a single image of the entire periphery of an object an

to desenakingte idsheersmn acvoreanes Winendn da@m@anerating a single
imagBMRAdIngRRt OLH)S PASRENEIWENLOR; RYSIBRIIMERHIBT PEAPNSSGect and

inspection system 102, which can be implemented in” hardware, software,
perfgratigapr ddRpRakdADI hardware and software, and which can one

[OOlBF]more EQltwREe Sﬂteni%oparaw_'m@%% geseel MyProsg ﬁf@%%%ginglti lized
platform. 25 [0021] As used herein, a hardware system can include a
heredgmpination of discrete components, an integrated circuit, an
application-specific integrated circuit, a field programmable gate array, or
other suitable hardware. A software system can include one or more

objects aaars et iss pigode. BRSUDIGINGS, SeRRIgHE paftware

applications, two or more lines 0f code or other suit oftware
[0018jucturebopdragngde sew igrtmore stiftatire ipdllcatisns dr deetwparts are

mark@gretﬂli'oocﬁiﬁ%&tc.)li:ﬁemgﬁ%%tiw&%f? W%%‘T%‘{'é&‘??ng%oﬂﬁ th_ the same
exemplary embodiment, @ softwaré system can include of€ or more lines
refeseode ovowealsitablespiecdievalycturesibieratirgwimng gfiilgares might

not pB@O%SOfé‘HarFe%pp'éq?&iO“céPﬂéi‘ﬁ AN BRPEHBAPSY SR 3 OWBhn  in
more lines of code or other suitable

generalized or schematic form and 1identified by commercial
designations in the interest of clarity and conciseness.

[0020] FIGURE 1 is a diagram of a system 100 for generating
a single 1mage of the entire periphery of an object and
performing an inspection 1in accordance with an exemplary
embodiment of the present invention. System 100 1includes
peripheral iInspection system 102, which can be implemented in
hardware, software, or a suitable combination of hardware and
software, and which can one or more software systems operating
on a general purpose processing platform.

[0021] As used herein, a hardware system can include a
combination of discrete components, an integrated circuit, an
application-specific integrated circuit, a field programmable
gate array, or other suitable hardware. A software system can
include one or more objects, agents, threads, lines of code,
subroutines, separate software applications, two or more lines
of code or other suitable software structures operating In two

or more software applications or on two Oor more processors, or
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software structures operating in a specific purpose software application.
[0022] Peripheral inspection system 102 is coupled to camera 104. As
used herein, the term "coupled” and its 10 cognate terms such as
"couples” or "couple,” can include a @ysical connection (such as a wire,

othe?pticébfi%"ﬁ[b‘irea t 'S?QWEM“CG‘E‘E%H}[%%@): a"irt“gﬁco%ﬁéﬁo"&éﬁﬁ[}lary

as through randomly assigned memory focations of a data memory
emboddvieats ahypeifi&uaransiyigtierocoa(H IR lidg, @16 legicaiore lines of

codeCOBECUhEHCLRS Ty AN %}%ﬂvﬁpﬁ? SERSROEYFIY dﬁﬁﬁl&?aﬁ A3 in a
integrated circuit), or other suitable connections. [0023] Camera 104 i
genegiederted pRSGe d3ed bivaecpeApdiGAtd9Bhje@UFerasspéitiopperating

systhff’s 19Ads UsRE todpcumdgl 2P mior 10R18Nten Byt iMapfrable
sensors of camera 104. Mirror 108 is a spherical mirror section that
softiER e S TRAGE WRS froRChatiphdiy ofthERRFIE LdBURBeSRiogOTtware
app lfiezepror 110. Mirror 110 is also a spherical mirror section that projects
the periphery of the object under inspection 25 onto mirror 108. Ring light

[00221> or oftfer tRRgkR Nigh& FRAGEAR the DERIETind&PRspd&iorC d to

camelfeopa@ion, thagurypddig ohairegs 108aed 1dHrare cepigiraigd Withd its
the height of the object under inspection and the distance between_mirror

cognade 5 SobRUElndRP 30 FRPRLESH to Hiow SURAE imadedst iHnclude a
physfigiiheyoree tByect (irsrinspectien ty/bedroveetieshmaibtid; or a

For example, the radius of cugvature of mirror 110 and mirror.108 can b

el CGHHRASR LAt T BJAbe undler VABELEEh, viHeH 6 iAo as
thropighedraaddieisecadoigniigidesfionya diogetioage geaneetateata memory
devifamera 104 rom mingr 198 apd Iensed0o. Theyadisp of g4pAN™ Ffiniy, a
logical connection (such as through one or more semiconductor
devices 1In an integrated circuit), or other suitable
connections.

[0023] Camera 104 generates iImage data of the periphery of
an object under inspection. Lens 106 is used to focus light
from mirror 108 onto an array of Image sensors of camera 104.
Mirror 108 is a spherical mirror section that receives iImage
data from the periphery of the object under inspection from
mirror 110. Mirror 110 i1s also a spherical mirror section
that projects the periphery of the object under inspection
onto mirror 108. Ring light 112 or other suitable lights
illuminate the object under inspection.

[0024] In operation, the curvature of mirrors 108 and 110
are coordinated with the height of the object under inspection
and the distance between mirror 108 and the object under
inspection to allow a single image of the periphery of the
object under 1inspection to be provided to camera 104. For
example, the radius of curvature of mirror 110 and mirror 108

can be coordinated such that the object under inspection, when
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distances can be calculated using general optics theory. In 5 one
exemplary embodiment of the present invention, the radius of the
curvature of mirrors 108 and 110 are 13 mm and 31.3 mm, respectively.
An aspherical profile of the mirrors 1%8 and 110 can be applied to reduce

' et 00 n,one di heg imag -
appr e R G Tho Bt T AT e 14808 singte
imageistgnoe bakesenatoirteaediind 1R pdifsheryndfithietoploBth@nshjekens  106.
The lF| IPeGioBdHEzRdRen e difphen Beresn ApiiaspuaRd Sy table

_periphery of the bottom of the object under inspection. Periphera
distipgpesiorastod 102 keediddetheusiinthgeeaet alth@pbfesurfdegory. In

one BRREPIPARNAABRIiERHE ESE ¥y RUPRICF HAEGDRY the radius

compensating for projection of the image of the object. In one exemplary
of t@l‘ﬁbﬁéiﬁYé}ﬁ}Jé’@mBin%BﬁQ§%cé&§pﬁéﬁbd]&Qp@r'f@m¥§g”@br@@ﬁtié’ﬁaﬁ mm,

resp@&m/@qtg.analms %@rﬁé&eh@agq@eﬁwf@ﬂomowmfr@xeios and
brightness data) based on analysis of known defects in sets of projected

110 Ry gaaPPkEGAsLOERAHERI0ADT Hie@seARREEAHEPRS within the

[0028piected imagmdata éﬁ@rﬁ}?l%ﬂfﬁprm%bééﬁ%éﬂﬁ,preeﬁi@f mingflage  data
relationship between the object under inspection and_the 25 projected

generadstaay ofthatsBlectOR ohe eRtBanPEMISSAHeR:, otPenddtehe the
disteaitichisieveasvepidmestheriongs thta isenigheryoieetienénesd of the
_ _data into,a different coordinate format, or in other syitable manners.

objefybofRYEDRE BRECEAGHm 5t a L5S8m 506'or E}Lbﬁorrﬂﬂ@t%%e between
po i Ntsipesainds peretioper aplubiset ofaadoeddrsetwith e gieseobject under
n invention. Syi}g}m ZOR uses a cone mirror 204 in fce f 3 spherical th

inspEtEdOths. (0027 RIS LGBk SRS bha camir i Ba dRerd s TiNGS  the
imagé daates arimadiherovwige oy theheterthrangipdetaare nrandr 1dentifies

defects or other anomalies, such as by compensating for
projection of the image of the object. In one exemplary
embodiment, compensation i1s accomplished by performing
conventional i1mage data analysis (e.g. such as generation of a
histogram of pixel brightness data) based on analysis of known
defects 1In sets of projected 1mage data. Likewise,
identification of predetermined shapes within the projected
image data can be performed based on a predetermined
relationship between the object under inspection and the
projected 1Image data of that object. In one exemplary
embodiment, compensation can iInclude conversion of the iImage
data from polar projection 1image data 1iInto a different
coordinate format, or in other suitable manners.

[0026] FIGURE 2 i1s a diagram of a system 200 for performing
a peripheral inspection of an object iIn accordance with the
present invention. System 200 uses a cone mirror 204 in place
of a spherical mirror 108.

[0027] As previously described, camera 104 generates image
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204. Spherical mirror 206 has a known spherical curvature and a radius
that allows the polar projection image of the object under inspection that
is generated by reflection of the image 5 onto cone mirror 204 and

generation into a set of image data camera 104 to be inspected. The

datarag*’saq Cillrﬂféo re I’IVEdég[)amZtg)Z af}q?a%%gf tP %“?Qéh%ndcaﬂgbllﬁ- 1rror

distances can neral optics theory. An aspherica
204 _profihsfitheadiriol pOecadMe dsisied thknedicespizeiel ¢ bhbevaviature and

I r 1 e S i for. =
a radfge] BRE A ore e R BB SO T S Ybject

Undeﬁem%ﬁéﬁﬁtlnghﬁmtlﬂlé iraages akertidintinddeetthervbfkt theerimage
onto'n%%?Fé'OmuF% ANIBASHHY el RNt €944s Rrdipriefde data

the dimensions of spherical mirror 206 to allow a single set of polar

by  GRBRERoNRhgd@atasf HeSRERHRIY of ahfthjctbdiys ifpeeybradyee of

mi rre®eraigs- [RR4drGHR b ¥ isthdiaghria obasysism Wieasralygipstances
20 a single_set of polar projection image data of an object under

can jfpectsi hY&ecorfikAbe iIfN&GT @lenPPI &b dARRNY of thE praseherical
profiprentier. SysemMmeropludeseedpierabéspasiPResystes 1A2dasd  image

polar inspection system 302, Cartesian mapping and inspection system
aberggd Millinheral mapping location 306, 25 and defect notification system

[0028]8, eachrof whéatatdvhe icwewentadn hpsdepssoftwareingde set of
Sui tégle c?fblnatlon of hard are and.s ftw%aq: and which_can be one or
o PRSE

Imagg,, % s?x&‘@l%(ssdﬁe MngPSit 4 phpHRE a0l shysten 102,
suchplaoriro 3@ 1G0T dadar thepentien syRtam GoAaeedivey imagetdatbshamages

of 4R AS 000y ESBEL Gt ite BABPRT St Cally ok angte
ge a y callyb

and ﬁmaepmﬁanmnéomnIWGucmﬂﬁu|s coordinated with the dimensions
of spherical mirror 206 to allow a single set of polar
projection 1image data of the periphery of an object under
inspection to be generated.

[0029] FIGURE 3 is a diagram of a system 300 for analyzing
a single set of polar projection image data of an object under
inspection iIn accordance with an exemplary embodiment of the
present invention. System 300 includes peripheral i1nspection
system 102, and polar inspection system 302, Cartesian mapping
and inspection system 304, peripheral mapping location 306,
and defect notification system 308, 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 purpose processing
platform.

[0030] Polar inspection system 302 receives image data that
includes a polar projection of a circumferential view of an
object under inspection. As previously described, such image

data will typically be in polar projection format, such that
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8 items towards the center of the set of image data have a physical
separation that is less than items towards the periphery of the set of
image data. As such, polar inspection system 302 generates a set of
image data to identify defects 5 or other items that require an operator to

- e ifi t th ject under i ctj an pe discarde et
eens JYlge el e aieEh oF TECISReen b A rave o
physeabterseped atetors, sticats d sistdgram oitbdver daesial keppids the

peri%fh@ ijﬂhﬂ??esss?ﬁa’ocﬁreﬁﬁ tiga _pro{@\%d Geruch 8t QP& spection
apping of known defect shapes, masking of predetermined sections o
systgie idade oefiRrelies tasat rf subjaseo dakrciléh, MiRXEfyf defects

or offRBYE] terile ¥Rate Heti PrOtG! SYBRYSIBRIBINIRETHBR PIIERFSES: that

[0031] Cartesian mapping and inspection system 304 receives 15 the

the iqhiRCIadMgblal BsRRTEOforhril ah8 ntHRORERIL Ok Bafagside for

repaiitage 96 -2 FRESERRIHOIUAiEHSEND It ANeRXeRRY to identify
embodiment, the relationship between the location of individual pixels and

predgkerntacshia GETerded-at 1R locadns @n bB HRTQaTiABY baEd ofther
statd StEbamaticZinglabenPinerser-eatie disrensians, of dfie-settoflocation

mirrors that are used to Eenerate the peripheral image data. In_this

ProcRArREs thaYsdiar BrojeCRESMhgARR G heThalPou D deteetiashares.,
maskdeydioftesysthnt éa-aiowdnage datnospertiahedrqersges dBt waslirebject

the use of Cartesian coordinate data to 25 be utilized..[0032] Peripheral ,
that Al R9E e AP febe b6s MERRRAOR e BB UGl 1of R Lares in
the @adgeiaddeunatopr ottes rsigtabtenfolmaimaayel [9nsiesonBodr PotCesses.
[003i riphe_réiar{r_1 eé‘%ii%hs' '%r%‘ g)g)[i r?ré(_e%lﬁé?r)a‘ rrgmbog'r?eﬂt, ansoféemc%éj@%e_r 30eives

pectio yhave p rrined m kﬁ%%o Rt AR ide |f|5§%y

the pergheralddcatiam systdar3Oéotrdliovate format and maps the polar
coordinate iImage data to a Cartesian coordinate system. In
one exemplary embodiment, the relationship between the
location of individual pixels and the iImage data generated at
those Ilocations can be determined based on a mathematical
relationship based on the dimensions of the set of mirrors
that are used to generate the peripheral Image data. In this
manner, the polar projected image data can be mapped to a
Cartesian coordinate system to allow 1image data i1nspection
processes that require the use of Cartesian coordinate data to
be utilized.

[0032] Peripheral location system 306 receives image data
in a polar projection forma, Cartesian format, or other
suitable formats, and Jlocates one or more peripheral
identifiers. In one exemplary embodiment, an object under
inspection may have predetermined markings or Tfeatures are
identified by peripheral location system 306, to allow
inspection of the object image data to be indexed. Likewise,

peripheral location system 306 can wuse other suitable
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inspection of the object image data to be indexed. Likewise, peripheral
location system 306 can use other suitable 9 processes such as
identifying external indexing features of equipment holding the object
under inspection, generating histogrgms of pixel data for sections of the

[ d the, 0bj jaspeck ocafi PRlyi
orod BB S R B T s o
equipagstierahiotdingsydibe 306 gacenande errotnizipefitthenevegenerating

- Fenﬁga i j ject Ej ecl n
hl?t germme%gr[gg]o%%%e%ag%gﬁﬁigt%%g%g@r% B%tg?gcﬁgvensﬁ ‘lan %egt_?g:r? 1%f the
obj egdta #ofe FoldNnBpEditasysRha 30 @ateieh rhiayiting ana Iyigpectidasks
or SYAEM 304i papikerq)loralionaystem gR6, g otharsitblRsY ERBSdiment
_and generates and defect notification data. In one exemplary 3
per i ghaichinHiCRE ile @Y RERERIRIAC dSRBeRREREH SHjE@undata in the

even'PSREGHER ipREIarasefdrt A fenhes rnalysisepyetes [HdBF Uphspection
inspection, to determine whether the object under inspection can be

can pobike, BRI whether the object must be discarded, or for other

[003g]table pumpases. hdEiFieaont n@?@i?éiﬂn ren388i GasIeNespection
control data to cause the object under inspection 2Q to be discarded by

datag LR RedhishiSREER ERMvYS TR 0Bt ufdd trShioMRPR W and
i nspeest et asy Hepos3y4repaleis gipaies Ihan deatdsof dispaseh 306, or
Likewise, tjer suitable notification data can be ggiéat%d bl\r/ defecif_ _
Otheﬁotiﬁﬂdﬂiﬁ% vstet 358795 RAR4dR P oh, e SbBoRgt Tication
dataperipherabnwgexeataleiiay abjrd coneemspedion todfeantlyaetiFidation

cateLEREAIEOR RS AR OGREERE" (0L SOREINES ror
Tfurtpear progdopensgornsaich as for manual iInspection, to determine
whether the object under 1inspection can be repaired, to
determine whether the object must be discarded, or for other
suitable purposes. Likewise, defect notification system 308
can generate control data to cause the object under iInspection
to be discarded by suitable mechanisms, such as where the
object under 1inspection is a low cost part and the cost of
repair iIs greater than the cost of disposal. Likewise, other
suitable notification data can be generated by defect
notification system 308.

[0034] In operation, system 300 allows peripheral image
data of an object under inspection to be analyzed. Such
peripheral 1image data 1is typically in a polar projection
format, and may be mapped iInto a Cartesian system for
inspection or can be inspected in its polar projection format.
Indexing of features of the object under Inspection may be
required, and notification of an operator or generation of
other control data for processing of potentially defective

components can be performed by system 300.
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30 Indexing of features of the object under inspection may be required,
and notification of an operator or generation of other control data for
processing of potentially defective components can be performed by
system 300. 10 0035] FIGURE 4 is Iowchart of a method 400 for

[003%;i3/ce55'ﬁ9 pherpl igage Qatal"i‘ %Pg 20 ith an g 400  for

ironment of the present |nvent|on beglns are where
PFOCWGataﬁ@relﬁlfﬂtaln oni@gagempldats en\vironrﬁ@qomMe dek&h an

exenPAL P PUAL RIURHIGN g%h%ratﬁg pee?rg%era v 9&06 ‘ofeRdd 400

with a spherical center mirror receiv ata of an object
beg ingd@nRspERioniRNe ahtageirelakpmiforr Eikelkd eonénsmedexemp lary

enviPIRHSHES OﬂiﬁfeS'WM%@@”%%fan bedisedhd heydPAPetiqbieleion data
proceeds to 404 [0036] At 404, it is determined whether Cartesian

genefrabpmhg bf tRNobfeteahBer ilgRstiotPR ttegptheimet o Spherical

cent@fe”}ﬁﬁﬂ‘cﬂmb?étf%qmlmf I"pevq Sﬁ@r%ﬂn bﬂr%%?raé%({ﬁ‘ 3P0ldn obj ject
projection format, such that mapping to Cartesian 15 coordinates may be

U”deb’erfdiﬁ{?e%% kBeritber@Rd iRipekhih 118 caEEUn the brhkEY biaks. IcONe-
shapiéés deiarriied thile Corterian HRPPING it iO S PEHAMBE, tided.  The

method proceeds tg 404 Where the image data is analyzed using one or

metheR ENeSia PERFSEER ifSheét®dn processes. In one exemplary 20
[oosembodlmmt ADSOQrns s othet suitdpledlaieheathbe Ufi%d’téﬁilah/z@]app ing
{ e enerat by the inspection imag ntificatio roups o

of L T R HeaP O Ol dan b0 BE i P Socly One
exempflem;ecteldttextlmenh,er felaturesneayebedatienl, oasthdsesuitphie palee®5 in a

prolectedlm edata tion met ods n_be applied. The ;met

POV ISR 15 O 1t RttorrHEA tnAF A, Mbppifdfestan
coormilbmtes may be performed in order to perform inspection
processes on the 1mage data. IT it i1s determined that
Cartesian mapping is not to be performed, the method proceeds
to 404 where the 1mage data i1s analyzed using one or more
polar projection iInspection processes. In one exemplary
embodiment, histograms or other suitable data can be used to
analyze the pixels generated by the 1nspection 1i1mage,
identification of groups of pixels having predetermined
characteristics can be performed, detection of projected text
or other features can be used, or other suitable polar
projected image data inspection methods can be applied. The
method then proceeds to 412.

[0037] IT it is determined that Cartesian mapping is to be
performed at 404, the method proceeds to 406, where the image
data 1is converted from polar projected data to Cartesian
coordinate data. In one exemplary embodiment, the
mathematical relationship between the object under inspection
and mirrors that are used to project each side of the object

under inspection into a single image can be used to map from
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performed at 404, the method proceeds to 406, where the image data is
converted from polar projected data to Cartesian 30 coordinate data. In

one exemplary embodiment, the mathematical relationship between the
object under inspection and mirrorsf_hLat are used to project each side of

je inspection in ' i 0 from
the }th%)';éfgarr %%#:E?ﬁ C%é?% (L?g?t(?sglagrllﬁ (e:oorgina%faél%qa?;?@%%r Hé%ﬁ%ble Other
sui tptesseseaesiss orcaernalgsly o usthitaneaibbvedythbe proseeds The

meth@dd'%egﬂowdﬁe% the mapped image data is analyzed using one 5 or

more Cartesian inspection processes. In one exemplary embodiment, the
[003dage déh cdPtbe aﬁ’ﬂﬂyi@@lﬂi@@b H@&Q_ﬁarﬂai!iﬁalyﬁ_s,d&?@_dtm using one
or REEERREAIRaRICR RIS I Ihe ABragsaala. Indeping ghdhe dpagp 1ary

data based on a map of features in the image data, blocking of areas
embogldmestbeestiy 18MRardAdRUNGaNInpRctRNABY 68fr dUfithBR histogram

ana|pr§i=§§5%d99$8hAb4=l%ﬂH§@€é@rmﬂ@@WF@Hﬁ.éé@efSPt hRst@s’s in the
(0]

cated. If no_defect_has been located, the method proceeds to 416,

Imaggih Gt thd REENINBro8ded 8 418MAGE e FfkRcRBRRGags @ map of
Featoeeasaipd. nencissejerlantembedisiatinky batifisrber IaARRNIPEESS i ng

data that notifies an Qperator_that a object under inspection needs to be

thatcadg e Haahe ISRGAL e MtiiEARGT dS ARl EIREQSRHTPS -
[003¢qta to ansuitplze d4diceito rempyeriieobjeahetdriinspedidfect has been
I Likewise, other sué;g?e noti%%atiga data jan begﬁner ted. 20 Thﬁe d
ocafRhod tldn PRCASIERt 1R 00ABE Rt JASHE TextiRELRERR RS ceeds
to adlyancedolthene exempleneembesiment, inspeciswdean bioformed'on where
noti?? fI)ﬁ' chh th'gt a(ilvancgrrperntt%rgwe negrt]ins%ection ierie Occurrnsoiguaiment
dth !) S pg@c S. I_Slkcglvisg, fheSfext in pec(%l A Z%Xﬁ%ge LY & i
notiddvatcedrupdatampaation o hspectdentaf tihat notifies an operator
that a object under inspection needs to be checked for damage.
Likewise, the notification data can include control data to a
suitable device to remove the object under 1nspection.
Likewise, other suitable notification data can be generated.
The method then proceeds to 416.
[0040] At 416, the next inspection piece 1s advanced. In
one exemplary embodiment, 1inspection can be formed “on the
fly”, such that advancement to the next inspection piece
occurs In a continuous process. Likewise, the next inspection
piece can be advanced upon completion of inspection of the
current iInspection piece, such as where the iInspection piece
is discarded upon generation of notification data. Likewise,
other suitable processes can be used. The method then
proceeds to 416.
[0041] At 416, 1mage data of the new object under
inspection IS generated. In one exemplary embodiment, a
single camera can be used to capture a projected peripheral

image having projected polar coordinates. Likewise, other
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current inspection piece, such as where the inspection piece is discarded
upon generation of notification data. Likewise, other suitable processes
can be used. The method then proceeds to 416. 30 [0041] At 416, image
data of the new object under inspec_{ign is generated. In one exemplary

suit3BPeUMESLA SYlecamea CB%JP& Usedﬂ?%?%%ﬁ@pf%ﬁ&?dﬁetﬂms to
peripheral "image having projected polar coordinates. Likewise, other
402 .suitable processes can be used. The method then returns to 402. [0042]

jon, I inal t of. & data t I
[004; operajjon %ﬁ%‘;ﬁgﬁ%? OMfe 9881 oL ITads aéa NFARYZEE of

i t contains | ata from all 5 sides of an object under inspection. In
Imaggnedadeantary eehbatintarremiritha tarrpetiadnso dairaatedatdjetican all

sideR0lapo0sginals,jiewof allwides Of AR GBISEE RJET INSPRCUIYheSUERb 1ary

image data generated is taken at a single spot so as to reduce the
embogiifeBtef Seks Bﬂﬁﬁagf@ﬂ‘atﬁ%dﬁm%@dw beanededdadd prird@eEed polar

coordiigh BeitapiReRropassal FarsigesethA0ed3] FjEURE S yard GRspection,

sets of image data 500A and 500B generated to demonstrate an

sucheidiafiaA 8RB o fitéht I A FheSerkInicHten. Alade 8aiA0ds seBAt SO as
to ewse SR ViRuhHeér Cifdeears Wiieh ffayerdaaibcraneit tasBehavto be

been 15 inscribed, Image data set 500B shows a circumferential image of

geneftbfes oHHEWNnber. THIGMR)E AR Lat BHOESRRE Tale by Sy staRf -

[0049Town OF FEGRIRE EAAeRN [BBsegndrosetCWHE biagwlydhedet®0DA and
"Microv" are aiscernagble from the flat side view @resented to the image

5008, ggaehakig HeviteMAsttesHias B FICHREPIR o f I HRPa AT of the
presphrasérivecroview. techiagibetidta psejectsoqpolahowsdinatsisiesteriew of a

eV iIEEn e SRS G S A A B peer
inscribed. [Image data set 500B shows a circumferential image
of the sides of the cylinder. The 1image data set 500B was
taken by system shown on FIGURE 1. As can be seen from FIGURE
5A, only the letters “Microv” are discernable from the flat
side view presented to the image data generating device. In
contrast, FIGURE 5B shows the entire phrase ‘“Microview tech,”
albeit 1In a projected polar coordinate system wherein the
spacing of the image at the “top” of the letters i1s closer
than the spacing of the image at the “bottom” of the letters.
Furthermore, it can be observed that the Iletters ‘“Microv”
correspond to less than 50% of the information provided about
the periphery of the cylinder, such that it would be necessary
to take at Ileast three side-on images of the cylinder to
obtain all of the information from the periphery of the
cylinder.

[0044] Furthermore, it 1is noted that the Iletters of
“Microv” from the side-on image are themselves projected onto
a cylinder, such that the spacing of the letters on the side

of the cylinder is less than the spacing of the letters that
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Furthermore, it can be observed that the letters "Microv" 25 correspond to
less than 50% of the information provided about the periphery of the
cylinder, such that it would be necessary to take at least three side-on
images of the cylinder to obtain all qﬂ‘ihe information from the periphery of

dire}?ﬁl yipder 3 00gahFurtherporg. é%%@?ﬂ‘g}hﬁte@?é%tfefsﬁé "é{'J&;r?)’" even

ronT the side-on Image are themselves projected onto a cylinder, suc

It nhdithe bpacied sf th€ letkrsonthe Bidgof thateylingrés lesethan e might

sti |gpa_‘B@9 %H&%Eé‘&f?th?é&P’ Sirehily fagehedmad 9t "From  the
evice. As such, even if multiple sets of side-on image data were used, It

cylingst amaiesdddsaiyhangthbpcenverrkasdan frepetidl agkejeplane, or
to ®ARIECUON PGP afuRiiteTangoordipae giang it dhialigadard8ata such

number of sets of side-on image data such that the areas of the image

thatykheecaikas 1 arkhs hATRgeuriatantas vihgrsh diteioarsReIdIAVing
unacedit el dehtah Promasies. 49 S%g%@i%??nbmént@” AJWsder can

single set of image data to be analyzed that provides a larger segment of

be megkedperigheryétin objt BRESERLpdENREARIGLBRWGeRingingle set
of iwhigh regcestheruIbRIN) Aets ehimegsrdiadeal MUBLPERNSERIRBNT of

and apalyzed and increases the inspection speed of the system. [0045]

the CREURRIETYa digrafflor QRIS 64RABF geABRRAGLIET sihgRmakAe-on

viewdhifie tahaee theeenitepetpeery whba rodct sedpedprniingg® data that
inspection in accordance with a exa‘nplar embodiment of the present
6‘&@5‘ 68

nust;, i RATB08 HcIBR ¥ATSr 683 WnIE GRS R il e ditzPeCtion

speenhirodt that heysteanter orifice to allow the top of the object under 20
[o0BfPectan A fiko Be2ogedRBIElIGH RE s P8t #67 YiBrating
a single image of the top and the entire periphery of an
object and performing an 1inspection 1iIn accordance with an
exemplary embodiment of the present invention. System 600
includes mirror 602 which is a spherical section mirror that
has a center orifice to allow the top of the object under
inspection to also be Imaged.

[0046] FIGURE 7 is a diagram of a system 700 for generating
an image of the top and entire periphery of an object and
performing an inspection 1in accordance with an exemplary
embodiment of the present Invention. In addition to a
spherical segment mirror 704, system 700 uses a lens 702 to
focus the image on the top of the object under Inspection.
Lens 702 can be used to generate suitable magnification of the
image of the top of the object at the same time.

[0047] FIGURE 8 i1s a diagram of a system 800 for generating
an image of the top and entire periphery of an object using a
cone mirror in accordance with an exemplary embodiment of the
present invention. System 800 uses cone mirror 802 with a

center orifice to allow the top of the object under inspection
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an image of the top and entire periphery of an object and performing an
inspection in accordance with an exemplary embodiment of the present
invention. In addition to a 25 spherical segment mirror 704, system 700
uses a lens 702 to focus the image op the top of the object under
to a §89%té0”i %\ 702 can be used t0 generate suitable magnification of
e image o top of the object at the same time. [0047] FIGURE 8 is a
[0048lligram fol QURkstein Beoaowg@tgaraﬂng:ﬁ(ﬁarsyﬁetwoﬂ% tépangemgirating

frspBery pf ahabigysing g ‘Eé’r‘i‘ﬁrplér L3N ith an bject and
an exe%plary eran%]o_cllmer}%)l the preselnt inventi ?1%) q?Fem 800 useg o%(e: an
perfenirdieD2 @ith ol RERREbFHbe td 'alloﬂfctﬁ@t’d@lﬁflﬂle odj&kx udler exemplary

embo@FREFOT LY A&/ ERIGHIRPGISHCURR 9431814398 M8f & conical

system 900 for generating an image of the top and entire periphery of an
Segm@lﬁ]@ct”hlﬁ"%érf ng aX R cANPInuRRSrdRAed tipnad eéﬁﬁlﬁﬁ/ 504 to

focugMeadimamigétherpresennavepdpn o agidiiopy j@c‘lor\ﬁﬁie?egi'fﬂ%’ﬁectlon

mirror 902, system 900 uses addltlonal lenses 904 to_ focus the image on

The deRgesp Q%e%b&ﬁn&ﬁqﬁsd&t@ﬁ”%@‘i@ns%%@@pdﬁw pagedd feation

of tﬁl@“‘fiﬁﬂéﬁgéu@b'&ﬁ@gf@f %ﬁnm%thébﬂﬁﬁﬁ Hthakep abihe abie@ at the
me time. 10 0049bFIGU ES 10A and 10B argbéets of image data

[004]? 00A aﬁ&Gy t]o@erﬁ{)_ﬁstﬁﬁg%n efﬂﬁgﬁl E@dlflr%q)ﬁ)A and

10006f theneieatedinentigemtinedq de@ seh 16%emishary senisodiiesatiabf the
pres mage of the sides of the cylinder and top image at the C]s@é r, such

t be UHYENE Wing syLBHY s 7 ther¥thable s. Iﬁ%ows a

ci rcadrfitee tre el sidenagerkiods of G SRESS AN Gt F@MRE&dﬁ)Aamﬂ top
OB i i%el markl son the op of the.o %Ct under, |§specté>n As show

inage' Fqd o) ik emar&%% s fnd? ki an WAL LS UR1gg oysten
700 trertopabheell &JaftlzhlbtedesySMJectullderaddltlon to the side

markings of FIGURES 5A and 5B, FIGURES 10A and 10B include
markings on the top of the object under inspection. As shown
in FIGURE 10A, these markings further require an iImage to be
made of the top as well as of the sides of the object under
inspection. As such, obtaining a single set of iImage data as
shown i1n FIGURE 10B further reduces the amount of iImage data
that must be generated iIn order to perform an inspection of
the object.

[0050] FIGURE 11 is a diagram showing surfaces utilized

herein.

Exemplary Dimensions

[0051] Dimensions for one exemplary embodiment of the

present invention are provided in Table 1:

Surface | Radius, | Thickness, | Diameter, | Schott Note
mm mm mm Glass

Infinity 1.00 60 BK7 Cover glass

1
2 Infinity 24._.00 60 -




20 inspection. As such, obtaining a single set of image data as shown in
FIGURE IOB further reduces the amount of image data that must be
generated in order to perform an inspection of the object. [0050] FIGURE
11 is a diagram showing surfaces utiged 25 herein. Exemplary

Bimensions {0051 Bim embodimento
3 -3103 58??83}6 Nikg sy R 60'
pres nt invention are provided in adius, Thi
ter-Sehott .k_, 8P B \,u'v'ei’

T, 1 el ULC 1] ||||||
4glass 27h%¥é;24 i @ ax=60; Dmin=32

5(3 4—=13:0 846_ 18-Mirro 5"2.1) = 52 555- Paraxiat I_—Ld MG gpgg%al
@RELE 1 Notes: Outer cir rential mirror. |

— [mY x| 29

= D f

mfe . It|has circular GH F=25 mm
=N A i D) s [ (A Jann Ay anmh vl i~ iald2A
6Llllla U‘lrﬁ 1 Ie I IIII—OLIIIII.J\ )IIIIICI D}J 1ITT1 a.IIIIIIIUI rcua)\a CI
(C—9206 iy cad 1+ ranm ha ranlac~rad by, raal la +th fAapnal
\I_—L\J IIIIII) ID UDCU nmoeait yc 1 1 [e]] UJC\;LIVC ICII VVILII Tocail

oy te
lens 25 mm and aperture value F/ 58)l up to F/#N = 16. [0052]
NoteBimensions for another exemplary embodiment of the 10 present

@) ”ﬁt’f %té?“ éq%aﬁ]%éﬁﬂw |'”1r@?PerE MR LIRARPRIEE reure -

er diameter range o mm are
Dmax 60 mm; Dmin=32 mm.

5 (**) Inner spherical mirror
(***) Paraxial lens (F=25 mm) is used. It can be replaced
by real objective lens with focal lens 25 mm and
aperture value F/#N = 8 up to F/#N = 16.
[0052] Dimensions for another exemplary embodiment of the
10 present invention such as that shown 1i1n FIGURE 11 that
includes an object cylinder diameter range of 5 to 10 mm are
provided in Table 2:

Surface Radius, Thickness, | Diameter, | Schott Note
mm mm mm Glass
1 InfFinity 1.00 60 BK7 Cover glass
2 Infinity 24.00 60 -
3 -31.30 -20.00 60 Mirror Dmax=60;
™) Dmin=32
4 -13.00 84 .67 18 Mirror
™
5(stop) 22.80 4.20 2.5 BK7 **)
6 -8.40 1.50 3 SF5
7 -18.06 32.00 3
8 Image
TABLE 2
15 Notes:

(*) Outer circumferential mirror. It has circular aperture:
Dmax=60 mm; Dmin=32 mm;
(**) Inner spherical mirror;
(***) Imaging lens (F=25 mm) is doublet (surfaces 5, 6 & 7).
20 [0053] A camera such as model A102f from Basler AG company
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15

provided in Table 2: Surface Radius, Thickness, Diameter, Schott Note

mm mm mm Glass 1 Infinity 1.00 60 BK7 Cover glass 2 Infinity 24.00 60

3-31.30-20.00 60 Mirror Dmax=60; Dmin=32 4 -13.00 84.67 18 Mirror

Gﬂfﬂam»2280420258K76“ -8.40 1.50 3 SF5 7 -18.06 32.00 3
or HIOCSIATER fo 1RMAG O ETRUM RISk L PAR TR image

aperture: Dmax=60 m nun mm; Inner sphericat mirror; Imaging
datalens (F=25 mm) is doublet (surfaces 5,6 & 7). 20 [0053] A camera such
[00523 00 MERCTBRPAIEACHE AND R A e SHIBIR AR T the

n be used to generate the image data. [0054] Dimensions for one

presgrdmplatyemtiedimamned; thenglaies indéntioh lieatncr)dbbnglesbjstt ameter
rang®BREDSIMPIENS (FIFRISE T febitievided in Table S: Surface

Radius, Thickness, Diameter, Schott Note mm mm mm Glass 1 Infinity

3.00 120 B270 Cover glass 2 Infinity 42.00 120 3 -60.00 31.3 114.6

SurtEEor THEaiTst2 6 TRYUKRS s, [ Diameter, | Schott Note
mm mm mm Glass
1 Infinity 3.00 120 B270 |Cover glass
2 InfFinity 42 .00 120 -
3 -60.00 31.3 114.6 Mirror | Dmax=114.6;
™) Dmin=66
4 -31.00 183.08 44 | Mirror
(Gl
5(stop) 22.80 4.20 2.5 BK7 <**)
6 -8.40 1.50 3 ST5
7 -18.06 32.00 3
8 Image
TABLE 3
Notes:

(*) Outer circumferential mirror. It has circular aperture:

Dmax = 114.6 mm; Dmin= 66 mm;
(**) Inner spherical mirror;
(***) Imaging lens ( F=25 mm) is doublet (surfaces 5, 6 & 7).
[0055] Dimensions for another embodiment of the present

invention using a cone mirror and having an object cylinder

diameter of 22 mm are provided in Table 4:

Surface | Radius, | Thickness, |Diameter, Schott | Conic, Note
R, mm mm mm Glass k
1 InFinity 3.00 96.0 B270 0 | Cover
glass
2 InfFinity 38.97 96.0 - 0
3 -48.14 -22.20 94.6 Mirror O | Dmax=94.6;
™) Dmin=66
4 -1E-19 98.77 30.0 Mirror -2.26 | Cone angle
**) 96°36~
5(stop) 22.80 4.20 2.5 BK7 0| (™)
6 -8.40 1.50 3.0 SF5 0
7 -18.06 30.27 3.0 - 0
8 Image

TABLE 4
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4 -31.00 183.08 44 Mirror (**) 5(stop) 22.80 4.20 2.5 BK7 (***) 6 -8.40
1.50 3 Sf5 7 -18.06 32.00 3 8 Image TABLE 3 Notes: Outer
circumferential mirror. It has circular aperture: 10 Dmax = 114.6 mm;
Dmin= 66 mm; Inner spherical mirrgr; Imaging lens ( F=25 mm) is doublet
(surfaces 5, 6 & 7). [0055] Dimensions for another embodiment of the
present invention using a cone mirror and having an object cylinder 15
Notegiameter of 22 mm are provided in Table 4: Surface Radius, Thickness,
(+) Digmeter. Schott Conie,Nate R, mm.mm mm Glass k1, infinity 3.00 960
B270 0 Cover glass 2 Infinity 38.97 96.0 - 0 3 -48.14 -22.20 94.6 Mirror 0
Difiax=94.6:1 Drhirn&66 411E=19 98.77'30.0 Mirror -2.26 Cone angle 9636'

(%) 5&%&9%)&% 804,20 2.5 BI<7 Q(17) 16 -8.40.1,503.0 @F&@Jcé@ 96 30.27 7

- 8 Image TABLE 4 Mae ax...114.6 a..... diLL.\ . .. imaging Iens
15025 GW LS GookIE (suPfaces 5L & 26 36
[0056] The "sag" or z-coordinate of the standard surface is
given by:
C‘I”2

Z =

1+ 1=+ k)cr?

where:
C = 1/R is the curvature (the reciprocal of

the radius R)
r - radial coordinate in lens units and
k E conic constant.
The conic constant 1is less than -1 for hyperbolas, -1 for
parabolas, between -1 and 0 for ellipses, 0O for spheres, and
greater than 0 for oblate ellipsoids. The conic constant 1is
less than 0 and the radius is 0<|R|<<1 for a cone surface.
[0057] Although exemplary embodiments of a system and method
of the present invention have been described in detail herein,
those skilled 1in the art will also recognize that wvarious
substitutions and modifications can be made to the systems and
methods without departing from the scope and spirit of the

appended claims.
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[00561 The O . \.. _.3to....\._. \.n.,.n _. givenby: lipis toe

curvature Rhe Eemprocal of ,adial Powminate in Ivan; units an,! greatey

Wau 0 for oblate elilpsoids. The conic constant D" less than 0 and the

radius is 0101M rof a Cone Suffage,,.q 7 Although exemplary and MeThoo

at the - _ invention love been descfjoed in derail herein., -ho C - ,d in the
What il @ls el g&rlow YuMMminny and m the of r w, appended

Waims, 38 Wbl dEMetiSedti§eiBRY YrnSRGLINGIHOLIIROE object
sides of an object comprising: generating one set of image data of two or
COMPbed Retfes of 5 the object; compensating for projection of the image data;

AR REFEFTHEY Bredetrpingel igsRgionFacespesnd I more sides of
compensated Image data. 10 2. The method of claim 1 wherein
the gbi&GEng one set of image data of two or more sides of the object

CRIbRPeRsAIAFIHY For obiesi deteoa foFt IpNeripahgeomseamigay and
receiving image data from the first spherical segment 15 mirror a

ciRGIFRFBY spRESaE SREREIRChin dNFREEREPes RFOTBRRES:. T2  the
compBlethaeaf ¢laigd waeeein compensating for projection of the image data

comprises converting the image data
2. The method of claim 1 wherein generating one set of
image data of two or more sides of the object comprises:
placing the object under a fTirst spherical segment mirror;
and
receiving 1iImage data from the TFirst spherical segment
mirror a circumferential spherical segment mirror that encircles

the object.

3. The method of claim 1 wherein compensating for
projection of the image data comprises converting the image data
from an inspection coordinate format into a Cartesian coordinate

format.

4. The method of claim 1 wherein performing
predetermined Inspection processes on the compensated image data
comprises using inspection processes that are optimised for data

generated in the inspection coordinate format.
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20 from an inspection coordinate format into a Cartesian coordinate
format. 4. The method of claim 1 wherein performing predetermined
inspection processes on the compensated image data 25 comprises
using inspection processes that are Btimised for data generated in the

ir_‘gl?ec“% caoroygte fpypatla . f%?e”h%r NSPECHBAVOGHRL e of  an
_ sides of an_object comprising: two or more mirrors and one or more
objerhseoneribsdiiigran image of the two or more sides of the object; 5 an

im3es data aspsrqﬂgtﬁ.saﬁge%ﬂﬁn%ﬁan%imﬁe&gr%atq@ éasgsaeﬂépamg an

two or more sides of the object; and a projected image data inspection

Imagsy Q€mtéempersandrr ep@istapnadt thbemaliesthe two or more sides
otihe phi W?&W&%ﬁﬁrﬂ%&%ﬂ ags daRg deiRigiN%ata of

whether 10 the object contains defects. 6. The system of claim 5 wherein

the #eagp 6fmbRe ntinero Itdhsitses Eomst sfhdite Philer SegaiRtht located

b%ltwﬁﬁﬁj%t&i Oh}ﬁﬁb@”%ﬁfeﬂ mﬁ%ﬁ@% Hﬁﬁews%ﬁi@ﬂ%a@i %y for
more lenses located between a second spherical mirror_and the image

projgstigen<rdtidihsystanoe. fife Tigeier Mine UherdifgRe 8o ShmopbIect
and @ngﬁ%@omﬁﬂseém@'&féiﬂmﬁ pegaedesated beeermingobigtéther
and the lens; and a spherical mirror segment encircling the conical mirror

the obdscht SRA H BBjdiE TRCESThe system of claim 5 wherein the

projected image data inspection system comprises a polar inspection

s%s_tem The system of claim 5 wherein the two or more mirrors
comprise:

a Tirst spherical mirror segment Jlocated between the
object and the image data generation system; and
one or more lenses located between a second spherical mirror

and the Image data generation system.

7. The system of claim 5 wherein the two or more mirrors
comprise:

a conical mirror segment located between the object and
the lens; and

a spherical mirror segment encircling the conical mirror

segment and the object.

8. The system of claim 5 wherein the projected image
data inspection system comprises a polar inspection system
receiving projected polar 1image data of the object and
performing one or more inspection processes on the projected

polar image data.
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receiving projected polar image data of the object and performing one or

more inspection processes on the projected 30 polar image data. 20 9.

The system of claim 5 wherein the projected image data inspection

system comprises a Cartesian mappLi and inspection system receiving
projected polar image data of the 5 object, converting the projected polar
image data into Cartesian coordinate data, and performing one or more
inSpectiohprocdssemornctfe Cha®sia® codnginatndatielopThd €9dreh dmage

dataC'i{R B%r?gﬁtheg%%ed 4B ?ijs%gataa{ns@,%qﬁf’é‘sciyﬁemma ping and

i comprises a periph cation system receiving projected polar image
InspgatlonhSyskeh afEGedimimping RISbeckaethinelRbEuiddaghslata of the

obj eB¥IPReRAL 26 ePieRle 15(32?@3?9@’ T G3aye WAFE eI WP tesian

more mirrors comprise: a first mirror segment located between the object
coorgigate ifrkR dARYPRIIMMIPTeRNR SIcIMRNAIrGISRRFIdQN processes

on tRecitdirpdhedinsiduBieli A8€8 9 and the object; and a lens located
between the object and the image data generation system. 12. The

system of claim 6 wherein the first spherical 25 mirror segment has a hole

through whéch diseBifctaF ingle@ed. s13whbBeeyaterary Clpira yowketeinimage

the conical mirror segment has a hole through which the object is _
datainéﬁb?ﬂ@&.ts'@” system comprises a peripheral location system
receiving projected polar 1image data of the object and
identifying a predetermined feature on the periphery of the

object.

11. The system of claim 5 wherein the two or more mirrors
comprise:

a Tirst mirror segment located between the object and the
image data generation system;

a second mirror segment encircling the Ffirst mirror
segment and the object; and

a lens located between the object and the image data
generation system.

12. The system of claim 6 wherein the first spherical

mirror segment has a hole through which the object is iInspected.

13. The system of claim 7 wherein the conical mirror

segment has a hole through which the object is iInspected.
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