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1 OBJECT INSPECTION SYSTEM Field of Invention 5 The present
invention relates generally to systems for inspection of objects. More
specifically, the present invention relates to a optical media or lens
inspection system. Background Early teahniques for inspecting lenses
typically relied on human inspectors to visually 10 examine the lenses for

defects (hereinafter refergg\]@@ﬁ iﬂ)ﬁ;@%ﬁﬁ@«é@l’y placing the

lenses under magnification or projection onto a screen whereupon the

human inspectors then visually search for lens defects. However, the
ﬁgw{qumﬂﬁgr@nd subjective nature of human operated inspections

prompted interest in automating the inspection process. Numerous
hhethygsentvevsatannielatigagsncrabiyniossystomscifioaréngpestionnefedyjests. More

?Eﬁc&@%ﬁ?ﬁ%&ﬁtqﬁ%ﬂfﬁﬁ dikasd 'a‘jﬁﬁﬁcgi‘?ﬁeﬁﬁi%g RIRC ?}%ﬁﬂﬂ}ﬁ system.

uate ns defects. Commonly, these methods take advantage
the fact that light, under certain circumstances when encountering a lens
gﬁ%%lﬁﬁimﬂscatters in a manner that can be qualitatively assessed.
These methods generally operate by manipulating a light beam before
badyoteghaiopasdiery iNsaGnt lknsssrintieHyo religd@ropricannfaprakass to visually

batimePereaysni¥aenalyssdinassrit ien laws 143 B&E%%)'Yl@uany by placing

5,500,732 to Ebel et at and US Patent No. 6,134,342 to Doke et'a _
edensss Wdenveatiitalionses nciaetieTeeibel FSETes s RsHRIRRhtTEReiman inspectors

FRAVGHANASSYRIE o eRAs Tgtied asodrserPeE MvShehatdiH4Sy subjective nature

transport lénses using a holder, such as a curvette. 25 However, the

ebhvaiibRaPEYeteinsRACLieNSHRIBMY Al Yaras Torawepeaiing tendaspaesion process.
RESEIRLEROEARR HaDE FRIIRRISIEREE FRBNER BRI R ARARbYEFR& eby an image

that are transported in a medium Such as saline solution. Most contact

rsdent ihacarrerarke thadriagedie s 8rY slackionicallysavalisded for lens defects.
teshRiealEhaHeR0&s dBIoaL KR AHI, é”i%?”ﬂﬁ@agsétoimmﬁ@ﬁt,'eﬂﬁaér certain

in saline solution for inspection thereof. 30 As demands for detecting
EIEFHBIERTCSM A RN RNEM IR KL e 48RS ITFeg HRidBs s¥igliRssude @ manner that can be

qualitatively assessed. These methods generally operate by manipulating a light beam
before and/or after passing through a lens in order to extract optical information that is

subsequently analysed to assess for flaws.

US Patent No. 5,500,732 to Ebel et at and US Patent No. 6,134,342 to Doke et al describe
a conventional system and method for lens inspection. The conventional system and
method as described by Ebel and Duke transport lenses using a holder, such as a curvette.
However, the conventional system and method is only suited for inspecting lenses that are
dry and cannot be applied to inspect ophthalmic or contact lenses that are transported in a
medium such as saline solution. Most contact lenses in the market are packaged in saline
solution. This causes technical challenges for obtaining high definition images of contact

lenses in saline solution for inspection thereof.

As demands for detecting defects of smaller dimension increases, it is necessary to use
images of higher resolution to detect such defects. US Patent No. 6,301,005 to Epstein et al
describes a conventional system and method for high resolution lens inspection. However,
such high resolution lens inspection requires cameras that are costly and subject to
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images of higher resolution to detect such defects. US Patent No.
6,301,005 to Epstein et al describes a conventional system and method
for high resolution lens inspection. However, such high resolution lens
inspection requires cameras that are costly and subject to 2 availability. It
is therefore difficult to obtain high definition images of the lenses without

K}Qiféﬁﬂi ) (2 {OIRERIAACAMRIAR 12 AN AR RGN AR ri&‘ﬁgﬁa%ﬁ&s without

[
as lens power and lens thickness are typically determined atter the lenses
hawstetihefeniegaiy kankeéscts. Conventionally, inspection stations are
along the lens manufacturing lines in which each inspection station
independently measures and determines the corresponding lens
Anditienalistidens oheaeterigiistisicispanienstroeiarsr 8he |lensethieknessnare typically

H%zéﬁiﬁ%& 3*?&%&@'@% \/@dﬂé?errf%l)\(aﬂﬁﬁ%&sfap (ﬁQFe&giCi@?ﬁ%ﬁ’lfti%l'ﬁ)ﬁnspection

nufacturing process and hence lowers the overall yle]d oflens _ '
gedignstiore Mise®vine thenpeadiufastiriag inirevettionhdeRingaehe inspection  station

fﬁﬁ@j@ﬂ%ﬂﬂfm@ﬁﬁﬁ@s Hﬁ(ﬂnd@fé‘?ﬁﬁﬁ&eﬁ{p@oﬁt@%%&ﬂ\ NORehRRIaRHEYs. However,
creates opportunities for human-related mistakes to occur. 15

ihedisriapy! thdranefas ol prsea forma ajestesnesicidurdionitg aneiiieraguateely affects
ORISR GIRENESARMNTRGEHAY BYSIEDSRY MM EINgsthR b%%%ltpyield of lens

physically tfansfer the lenses betweéen inspection stations thereby

RiQSletiAD. tHd ereeran. diffciaseyfrsremanniziaDeRian e Sumifasiemg of lenses
RETR M SMDRAIDS Rs RS AvenEbEiSGaRPE DRES BIYNIFRiBs for human-related

high-resolution object inspection system for performing object inspection.
migakerdaAeeUlvith a first aspect of the invention, there is disclosed an
object inspection 25 system for inspecting an object, comprising a first
station, a second station and a third station. The first station captures a

Arerardgdyottinee byt m NeREACha fivstamdge asidpedagdhpidoggoing problems of
SGRHY OB HERIGTS ﬁ%rﬁ@%fﬁﬁﬁﬂﬁ?zﬂb%'@ﬁ%&@@@ BRJschAY thsfer the lenses

object. The second station captures at least one second image in which
sBVREIa S1HREIEC ORIl AR g R D YnatirmieYINGew st aPussal okEfisiriion for lens

Q{amﬁagﬁjﬁ%.The at least one second

Summary
The present embodiments of the invention disclosed herein provide a high-resolution
object inspection system for performing object inspection.

In accordance with a first aspect of the invention, there is disclosed an object inspection
system for inspecting an object, comprising a first station, a second station and a third
station. The first station captures a first image of the object in which the first image is
processable to determine one of presence and absence of at least one defect on the object.
The second station captures at least one second image in which the at least one second
image is a magnified view of at least one portion of the object. The at least one second
image is processable to determine quality of the at least one defect and the quality of the at
least one defect is one of acceptable and unacceptable. The third station determines optical
property such as the object power and thickness of the object upon one of absence of the at
least one defect and the quality of the at least one defect being determined as acceptable
from the at least one second image.
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30 image is processable to determine quality of the at least one defect

and the quality of the at least one defect is one of acceptable and

unacceptable. The third station determines optical property such as the

object power and thickness of the object 8ipon one of absence of the at

least one defect and the quality of the at least one defect being

W&%E@W@ﬁ/ﬁ‘ﬁ%ﬁ%ﬁﬁ agé’é& ,ﬁ\?alit%?f {Hef® psdd'i'gb?tgs%Fsanlgtgect inspection

accordance with a second aspect of the invention, there is disclosed an

olejbotlinepecisbig eapthidadcofinstisregeapauriiyeativgtamesgstaicn difjedtrst image is
o5t R AT 1 h RGP IR nBEGRRSABIR IO HEIEIIRG ONGeRlct on the object

geg%gﬁiﬁa?l&dagﬁesencg @%é;? Te%ag%% onr?é e e%Q%nCE??Sq 0 j(_aé(gté.' 5% ﬁgenggthogd ¢ ?bj ec- '

Ao roethpdlisdso cegituiisgsataptusingnat deasinensrsegensy image diydastgtiond station in

inigshigle (e eldeaaL ETRCRAIMALE R aiRarVAER WeY AL RS Ron of the

portion of the object. The at least one secdnd image Is processable t

oirsitmihbegeialagsbPiiesegIndSMagr: IgaTeastasa théoqiriainbfetqalitieakthe at least

ORE FAREECLIR RE RlaRer R RIS AR LR GERIANE ok AT i RAME N unacceptable.

comprises determining optical property such as the object power and 10

tgiknedis oReHOdISRBPDYES ﬂﬁ&@r@nj@im Qmmalomr@wafowibe%m@lﬁect power and
{Rrehenefeiedmad e ﬂHF’d'gfa?ifoWGI&'nl%ﬂétd?%ééﬁf?e%ﬂ‘ﬁ'@gtB!e_ast one defect and

determined as acceptable from the at least one second image. Brief

e st efoha aklendwirtydeferEbrbhsielerringtiae asoeptable drem the at least one
ggég}%eﬁqlaggreinafter with reference to the drawings, in which: FIG. 1

shows a high-resolution lens inspection system according to an

embodiment of the invention; 20 FIG. 2 shows a lens defect inspection

gym)ggggﬁafig}?@fgﬁﬁ@egggw%gens inspection system of FIG. 1 in

which the lens defect inspection subsystem comprises a Full Field-of- _ )
EreRpdirapnissehdion iaMent on e itisal esetdbereinaflie(math)refatrnse 46 thrxirgwings, in
FARWs an image of a lens captured by the Full FOV station of FIG. 2 being
magnified by the Magnified FOV station of FIG. 2 for producing a

magnified image in

FIG. 1 shows a high-resolution lens inspection system according to an embodiment of the

invention;

FIG. 2 shows a lens defect inspection subsystem of the high-resolution lens inspection
system of FIG. 1 in which the lens defect inspection subsystem comprises a Full Field-of-
View (FOV) station and a Magnified Field-of-View (FOV) station;

FIG. 3 shows an image of a lens captured by the Full FOV station of FIG. 2 being
magnified by the Magnified FOV station of FIG. 2 for producing a magnified image in

which the magnified image is partitioned into reference image portions;
FIG. 4 shows a photograph of a lens captured by the Full FOV station of FIG. 2;
FIG. 5 shows a photograph of a portion of the lens captured by the Magnified FOV station

of FIG. 2 in which the portion of the lens containing the defects is identified from the
photograph of FIG. 4;
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which the magnified image is partitioned into reference image portions;
FIG. 4 shows a photograph of a lens captured by the Full FOV station of
FIG. 2; 30 FIG. 5 shows a photograph of a portion of the lens captured by
the Magnified FOV station of FIG. 2 in which the portion of the lens
containing the defects is identified from the photograph of FIG. 4; 4 FIG.
ISHC:measuyr. f : ;
S B LSV g ah-reslution lens
tisaestitTisisteneafufd@ent subehisterihecdenpriziesastisistiponeasuienant subsystem
s and glens R RRs MR LRI AR AN R ELCEEn QU A ipchar
illustrating a lens inspection process performed by the high- resolution
lens inspection system of FIG. 1. Detailed Description 10 A high-resolution

o et ocesoRed ek, the ior
epsal gligiyenpdnsrssiimigistontiod MGedtion is limited hereinafter to lens
inspection. This however does not preclude various embodiments of the

invention 15 from other applications of similar nature or from applications
Petiatleddnest 6psigier types of objects. The fundamental inventive

RIRRRIAS Ol SEHROHEREAS P S RG HVRIIGE BiniRg ToBjeR HGMANBHTs described

the various embodiments. Exemplary embodiments of the invention
brrsbmattad fosrddegseingréefeleasaaRERMIeMS- 20 FIGs. 1 to 7 of the
drawings, in which like elements are numbered with like reference
numerals. FIG. 1 shows a high-resolution object inspection system 100

becariRagend PEriboanshelaier the deserdiden Thihigheriiyusbmgesbbereinafter to
IBRPRIRR RIS T RO R R aRIes b 13 dBRRRCUASARIBHISRINHRAS BNe invention

or other manufactured products for detecting defects on the objects. The

fearovathg R HateRsoP tsEmd b B AtsTEMherRietiens Bpinesaioniohether types

of objects. The fundamental inventive principles of the embodiments of the invention are

common throughout the various embodiments.

Exemplary embodiments of the invention described hereinafter are in accordance with
FIGs. 1 to 7 of the drawings, in which like elements are numbered with like reference

numerals.

FIG. 1 shows a high-resolution object inspection system 100 according to an embodiment
of the invention. The high-resolution object inspection system 100 is suitable for
inspecting objects such as lens or other manufactured products for detecting defects on the
objects. The following description of the embodiments of the invention applies but is not

limited to inspection of lenses.

The high-resolution object inspection system 100 comprises three subsystems: a lens
defect inspection subsystem 102, a lens placement subsystem 130 and a lens characteristic
measurement subsystem 150. The lens defect inspection subsystem 102 serves to assess
and detect defects on lenses, such as aberration defects. The lens defect inspection
subsystem 102 comprises two inspection stations: a Full Field-of-View (FOV) station 104
and a Magnified Field-of-View (FOV) station 106.
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limited to inspection of lenses. The high-resolution object inspection
system 100 comprises three subsystems: a lens 30 defect inspection
subsystem 102, a lens placement subsystem 130 and a lens characteristic
measurement subsystem 150. The lens defect inspection subsystem 102
serves to assess and detect defects on lenses, such as aberration

t
SR o RSO SRa aty v
m@nim da*@l@tmvtbwlemavjmmadteumegadmsh@mmel:@testaamwdpm,ted by the

rﬁégvas Aﬁ?o,ffédshi%‘? %‘TB%%H FH'%‘P@?B efef d gntaoofjgf@% re captured

CtS ont ens. T er, regaraless W ects are detecte ) )
wnﬂéhaEMaEmﬁwétEﬁbh stauQhie-fes duithen imagémfom@rmpa'ﬂn@ﬁwltlple high-

d .
O R e M A e AR s o
prisfer alyerpnatets feinfpausingceitresetonmstises elvéhenkensr for allowing the high-
%@NﬁﬂBH*ﬁﬁ%%%é% f@&H?gﬂ&QdﬁefﬁthFHPgﬁlﬁaHﬁé@E Ing B!lﬁ\é‘#&lﬂ?i%riable speed

high- resolution images to be captured. The mirror galvanometers are
pviETer A5y ariiagiR s pébao Migtesty arerieate@drilarlapsdefter tipgsferred to the lens

@%E%?ﬁ%ﬁ’e BiGaeds 1) UARHEER P ffleihAR %Eﬁ“&%f&%bb%%\/enty and

30. However, |f defects have been detected, the severity and complexity
eaediticofstorlatentrcORtRETH RS taetas tadans peogltoptaerepted or discarded. If

ﬂ*ié‘?éﬁgﬁdadéegf@d'etﬂé ISndGrRPIedrdhGdReg W'lh@?eﬁ?ﬁﬁ@éﬁ&f%&ﬁ%ﬁé}ﬁ 130.

placement subsystem 130. Preferably, the object inspection systemn 100
determines the severity and complexity of 15 detected defects.

Né%%qyeiﬁe%ﬁgmméﬂéﬂ?&ﬁ%ﬁ@% bﬁ)@'@éﬁ%ﬁﬁ%&%%é@@rn‘@/‘éﬂ& B6mplexity of

high-resolution object inspection’system 100 is unable to make a

fletrsded slefemiswneiplaily elifs Ao iisepeitamandealer ted f-nspaghifsnlens if the
Fh%ﬂ FDRERAB BE%H%@&M@OV RIR940% bR %%ﬂwné‘&wmm?whether to

0. Separately, the Magnified station 106 comprises a second

disEardion apeapidhedensa rhfle sV sfabes, 1orcarpasseadat detection means 108
HHAIFREIOM SPEHEGoR S ddiEe TS, f'%@&?%%%%%'ﬁ@%é’%ﬁ 106 comprises

110/116 are, for example, laser beam emitting sources. The lens

PRRCORMLHRIECHIRY SIEANS BERs A MMEE Qo ARARSRINGIRY [bHsane h eroNsHidl eraiaation source

116. The first and second illumination sources 110/116 are, for example, laser beam

emitting sources.

The lens placement subsystem 130 serves to transfer the lens from the lens defect
inspection subsystem 102 to the lens characteristic determination subsystem 150. As
shown in FIG. 1, the lens placement subsystem 130 comprises a bottom pickup unit 132, a
top pickup unit 134, a curvette 136 and actuator motors 138. The bottom pickup unit 132
picks up and rotates the lens by 180° prior to transferring the lens to the lens characteristic
determination subsystem 150. This action results in the lens facing the top pickup unit
134. The bottom pickup unit 132 then transfers the lens to the top pickup unit 134 and
moves away to allow the top pickup unit 134 to place the lens in the curvette 136.
Alternatively, the lens is picked up by the bottom pickup unit 132 without rotation thereto.
Additionally, the actuator motors 138 displace and position the bottom pickup unit 132 and

top pickup unit 134 along a plane parallel to the optical axis of the lens.
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inspection subsystem 102 to the lens characteristic determination
subsystem 150. As 25 shown in FIG. 1, the lens placement subsystem
130 comprises a bottom pickup unit 132, a top pickup unit 134, a curvette
136 and actuator motors 138. The bottons pickup unit 132 picks up and
rotates the lens by 180 prior to transferring the lens to the lens

I
ens qé?r?g Rtlﬁgéjtcg%oﬁ[ﬁ)IC up unlt%@ﬁ %ﬁ%&%@gc ég%é%tﬂww{?uckness of the
l@amgferéeﬂhanm tolieres topysicRensniiitly acasinesghadoes) dangihtof alitsns. The lens

AERATRATAIR RRSEIEEnD DR AUYAE 10, Alerallver 152 i

ens IS plc e bottom pickup unit 132 without rotation _
ﬂm@rét@l be(omuﬁmaatprtnm@tabtl@&canmcﬁm\m@opgmaeél@ﬂarﬁ@éhampﬂﬂ@l axis of the

% QOW}%%H%H%’%?@cffr\ﬂet%ﬂﬁ%gﬁ%ﬁ%ﬁér%ﬂﬂ %Qﬁft@”ﬁéf&tlon means

the optical axis of the lens. 6 At the acteristic ete mination
b systemthivd, itheminas goweuraed dSick dsperidertl YeriBearecasueamenb @f the lens

SrAQWEFERREH R @Wfﬁ%&&%ﬁ%@ﬁ%ﬁé& ﬁrl&rbsfc;rd?ﬁlﬂﬂﬁniﬁatlon means

irst transferred from the curvette 136 onto a lens holder 152. The lens
HoldeFhesfoigth dpleciiedi B9aan Hefuiatatonaiteral sapamplaserisvalled to the optical axis

W@@@qgc%r,godmfeﬁgg%; HisrthelengsThe measurement of the lens

thickness is performed using a third detection means 156 and a third
illumination source 158. Independently, the measurement of the lens

ROWBOIRAG PERS YRR Rt EhRIE G AN IMEeARSIHERiIAN0R KR 116 and fourth

illumination'means 162. The fourth detection means 160 is movable

Hlerdnatinaneqsaealléoomayigptibaridiahting & tliuraiwiendhrs Hnsent tiparfespective
SR H@%Prtﬁédfh@i;ldr'éwwnt%fé&t IpRARIC L pQkICe1680. SEGUG, the first

illumination source 116 and fourth |I umination means 162 provide

BRERIHIORG ey e AR ctecans idvaninahenreaysehid anmbigaibriupringgion means 162
HgbrERsAShORIREL IHISPETARY (RYSIFL ALY ﬁh‘fﬁﬂﬁﬁtmﬁtgrﬁe?‘eﬁ)y enable images of

|IIum|nat|on source 110, second illumination source 116 and fourth

hereratR At raRREeo LAk fepRBed eI & deroakyishting epRdisionsr The first
dEetGH AR iAo DK GIRDIR BAGE HRAADE 10NERIR FRABH 3AEdRSE56 and fourth

and inspected under different lighting conditions. The first detection

detasiion GBeascaAN aEReRIRH b RGe D3, sATPIaERARY: MelaheXids spmiconductor
fewibsyetassramactm R AR IBFEiRIANY CED IS YRR RN&Mhaging. Typically,

metal-oxide semiconductor

digital cameras equipped with either the CMOS sensor or the CCD are used for taking
images of the lenses. In addition, the first detection means 108 and the second detection
means 112 are preferably of similar pixel resolutions. Alternatively, the first detection

means 108 and the second detection means 112 are of different pixel resolutions.

Details with respect to the Full FOV station 104 and the Magnified FOV station 106 are as
shown in FIG. 2. The setup at the Full FOV station 104 shows a lens 200 enclosed in a
protective casing 202 that is positioned on a support 204. Illumination is provided by the
first illumination source 110 to enable the first detection means 108 to capture a clear
image of the lens 200. The image is then digitally processed and evaluated for detecting
defects on the lens. If defects are detected, the lens 200 is transferred to the Magnified
FOV station 106 for further assessment in which portions of the lens 200 containing the
defects are magnified by the second detection means 112. The magnification is performed
preferably by taking high-resolution images of the required portions of the lens 200.
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20 (CMOS) sensor and a charge-coupled device (CCD) to provide lens
imaging. Typically, digital cameras equipped with either the CMOS
sensor or the CCD are used for taking images of the lenses. In addition,
the first detection means 108 and the sedond detection means 112 are
preferably of similar pixel resolutions. Alternatively, the first detection

108 . ion- ' ixel
e i AN AL A gt o e
M@nme@EFWmmHi906 ﬁr@&ﬁllshm&saﬁﬂ@}.tﬁem @wmam@mﬂption at the

nﬁ@&oﬁd\‘}"‘éﬂiwﬁsl"t‘)&e?& %@%@?i&?%é“l&ﬂ?t%ﬁ?é/g‘tb?ﬁ%”g@Q%e, there are

that is positioned on a support lumination is provided b e first
slitwatinasion woiskcdhelde tectnarslonhedeatecidble dijothenttagsified tdd4ptatien 106 and

g%%ﬁgfﬁq:ilmﬁgf(g\r%&%lﬁégoo. The image is then digitally processed

valuate etecting defects on the lens. If defects are detected,
the lens 200 is transferred to the Magnified FOV station 106 for further

?BSQ%H%WQ”%B{GQP%%BQ§ of tﬁfyeﬁ@rﬁgﬁ EPVRINBA ASIEEER A the mirror

magnified by the second detection means 112. The magnification |

griMananeetehAdié inbpp mynaRAY Witihthesescaih drieefisn ongaasddditedequired. The
REFR S RISHER 200 CZM&EQQiéi%[beui\??'-zd’"h%PYOgtﬂﬁiﬁnisl%a{f&i&@tﬁ?Fbringing a

be able to detect very fine defects on the Tens. Under such conditions, it is

eﬂrti_ﬁeéa‘s@@dﬁrérm il@ﬁsf@@t@rt@ér_@bemgﬁ@&limeatmi@ Inegeritg ey Notably, the
Sy et Qﬁé%ep'i}é%rgﬁ))%fsafﬁbq’@fﬁ?&ﬁ@eaﬁ' @’éh?lriﬁe’f{?:dggr(%%s in a plane

situations in which the defects are only detectable bythe Magnified

ResdidH toBenatind: dYsiaE hellere Y08 tatsmseguentyysdeasnidegy/ station 106

i?h%ﬁ’é*ﬁa%é’mé?&’éf%%fnt%@?ﬁwépge‘é%%%ﬁfag‘fﬂl%% Gglvanometer

114 in conjunction the second detection means 112 Is required. The
10 mirror galvanometer 114 comprises a steering-mirror 206 that is

A BRI DBAEVAR BT 1205 AR 0 (AR THEYERY 302 i paritionec
%(ﬁitatet kllr]gg?mage?%ﬁereofd) Nota I)E,_trhe steer,ng-ur:r%?rr’or gogﬁs 'S p.arl |one.
\iefeateiey oo IanaBean UG I3 0 asrsiRVGT WimdEy: dedrecisrrfeigplriiEnggeraneion 304 is
e q_&% %H?%%Eﬁﬁ%f&%b?ﬁﬁ&% CRSH ﬁqHyFlt@‘?M?@?&ﬂﬂ%@i\éentiﬁcaﬁon and
station 106 1s able to resolve defects on lenses that are as small as 2.5 m

fafergacing. The lens 302 is then magnified by the Magnified FOV station 106 together
with use of the mirror galvanometer 114 to produce a magnified image 306 of the lens 302.
The magnified image 306 contains magnified images of portions of the lens 302.
Depending on the camera resolution employed by the Magnified FOV station 106, the
resolution of the magnified image 306 attainable could reach or exceed nine times the

resolution of the reference image portion 304.

Although the magnified image 306 is shown in FIG. 3 as being partitioned into nine
segments, the magnified image 306 can be partitioned into any number of segments
depending on the specifications of the defects to be inspected. The camera resolutions
employed by both the Magnified FOV station 106 and the Full FOV station 104 are
preferably similar. Alternatively, the camera resolutions employed by both the Magnified
FOV station 106 and the Full FOV station 104 are different. Thus, using the magnified
images of the portions of the lens 302, further inspection is performable on the portions of

the lens 302 containing the defects.
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15 Before magnification is performed on any portion of a lens 302, the
lens 302 is partitioned into reference image portions 304 as shown in
FIG. 3. Each reference image portion 304 is tagged with an identification
number, as shown in FIG. 3, to facilitate @lentification and referencing.
The lens 302 is then magnified by the Magnified FOV station 106 together

A B B T S0 A R 202, only
spUetbreferiice enrgs(RrtDepeiiding diethneafierareaseqritied. Magnifying and
%ggﬁﬁggrﬁ%'ga%gw'Fﬁ%%i%?%éﬁ%ﬁ{gégﬁrtf@ﬁs é%ﬁ%lﬂ'l?enlggst%%%an then provide

attainable cou or exceed nine times
specifitioptaitiof therdefecie amdienosinon Fuhe 2RO Ut tequireatymthiedinspection.
image 306 is shown in FIG. 3 as being partitioned into nine segments, the
magnified image 306 can be partitioned into any number of segments

Bepehshays anheagretdcativ penailthleisetapiisred by thefubié@ Vi Blation 104 whereas

ERSYALERRIYHARRRMBPYRS DR Hradagniied &0 YastiRe P B Magnified
the Full FOV station"104 are 30 preferably similar. Alternatively, the

EQMWertatiendi0BoriReteaisioyeeynoiietReriRgpifise sFoNestafomamadanified after
g?rﬁlt'a:Hy 'f)%ye?éﬂ@ﬁnjooé\@fﬁaﬂ SRS Yeing H%?efﬁﬂﬂ@'ﬂﬁ@tﬁ@?ﬁ@@sdefects are

the portions of the lens 302, further inspection is performable on t
prsRBARl® PrtHeaRSest80IR containing the defects. 8 Alternatively, instead of
providing a magnified image 306 of the entire lens 302, only required
reference image portions 304 of the lens 302 are magnified. Magnifying

BHe @pmndRnaRs T arRy IS [eTierampalinmEepGeon3 o aveneRmBrises two
FERRISPRRRIAYIRE R IBECHGAP RS RhtgitRisstS Anrihg RN CHERuring the
lens 302 that require further inspection. FIG. 4 shows an image 400 of a _

koA prRvRInEosaRpTisee dNsy fnstrdeteciprsgans 110 o rdgsfauith Hlupuogdion means

ADIMAGe RS gg\ﬁep%'iﬂé’rlbﬁ?) B0 SRR IR B)AFBUIBMEY: Has MASIYTRS to thereby

FOV station 106. Defects present on the portion of the sample lens were

rAehleiE Sowin derghiany ateiath SRy alAtng UFRIMPAGE JDaisg lens 604, to
SRIRINGINHAtARIBGIHRTGSNATRF the test image 602. Equations for determining the

lens powers and magnification ratio of a lens are expressed as:

1,1 1
y (1a)

u
M= (16)

in which U is the distance of the virtual image from the lens, V is the distance of the object

from the lens, f is the focal length of the lens and M is the magnification ratio of the lens.

Equations (1a) and (1b) are known as the Thin Lens formula and the Magnification
formula respectively, as well known to practitioners in the art. Hence, by adjusting the
position of the fourth detection means 160 until a virtual image of the test image 602 is
captured by the fourth detection means 160, both the focal length and the magnification

ratio of the lens 600 are then computable using equations (1a) and (1b).
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acceptable or unacceptable. FIG. 6 shows the lens characteristic
determination subsystem 150, which comprises two stations for
measuring the lens power and lens thickness. A first station for measuring
the 15 lens power comprises the fourth detection means 160 and the
fourth illumination means 162. The lens power of a lens 600 is measured
Y. ieli [ tect] -
BN RIS D ITe B oo o
Vatuendritegdipdol lsnunatlont sbier te Jt5itn afleeab d Edumiitaito fosaiscerhaieyits beams
ificati [ n .
O B B S R 0 e el e oftaer

hermge drentightlearssy Rutiseatiendcéheftermsbicactedrytibeidens 609 dagreceived by
{ReallrgatR et ias 'ﬁ(%\ﬁ’snclﬁé'%ﬁHefﬂ}ﬁ%ﬁ"fﬁ%HQ&éét'%Pfﬁﬁﬁﬂﬁﬁiea set of optical

Equations (1a) and are known as the Thin Lens formula an
Ibsgididenio e oatans: (RBpsti(ey  ase then kershin eopiersitisnatghithgeet of optical
Ao ERER Y AN NASR RARRALSL tiafoyth ggsection means 160
until a virtual image of the test image 602 is captured by the fourth
detection means 160, both the focal length and the magnification ratio of
the lens 600 are then c rgpafﬁble sing equations (la) and (Ib). 9 A

[

second station for dete ing the lens thickness comprises the third
detection means 156and ‘tHe ttshi{Hmipgtioh 8Bitce 158. The thir2a)
illumination source 158 |emits beams which are directed at an angle
towards the lens 600. The beams are preferably one of laser 5 beams and
light beams. Subsequently, the beams refracted by the lens 600 is
received by the third detection means 156 and further processed for
obtaining a set of optical informatiof. Equations (2a) and (2b) are then
used in conjunction with the se Bf\/grggeical (2b)

in which t is the thickness of a lens, D is the diameter of the lens, P is the lens power, N
is the refractive index, C is the speed of light in a reference medium and V pnase is the speed

of light in a subject medium.

FIG. 7 shows a flowchart illustrating a lens inspection process 700 performed by the high-
resolution object inspection system 100. Firstly in step 702, the Full FOV station 104
captures an image of a lens under inspection. The image is then digitally processed and
evaluated to detect defects on the lens. If defects are detected, the lens is then transferred
to the Magnified FOV station 106. Optionally, even if no defects are detected by the Full
FOV station 104, the lens is still transferred to the Magnified FOV station 106 for further
inspection to detect defects that are not detectable by the Full FOV station 104.

At the Magnified FOV station 106, magnified images of portions of the lens containing the
defects are captured in step 704. The magnified images are then further inspected to
determine whether the lens can be accepted. If the lens is acceptable, the lens is
subsequently transferred to the lens characteristic measurement subsystem 150 for
measuring the lens power and lens thickness of the lens in the last step 706. Conversely, if

no defects are detected on the lens, the step 704 is omitted, and the lens is directly
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information for determining the lens thickness of the lens 600: D 2P 10t =
2 2000(n -1)] + 1.5mm (2a) C n = (2b) V phase in which t is the thickness
of a lens, D is the diameter of the lens, P is the lens power, n 15 is the
refractive index, c is the speed of light inia reference medium and Vphase
is the speed of light in a subject medium. FIG. 7 shows a flowchart

: . lens inspaci ; e 1 .
N e R AR} LRV SR e v
Ponsspnddenathicingssaifdhedgnamtitheistgpetion. The image is then

digitally processed and evaluated to detect defects on the lens. If defects

are detected, the lens is then transferred to the Magnified FOV station

oah© iesgaing evenrenoadsigbtecaplitietednspdsiianesysitnFdw spatforming object
ﬂag eéhS.H%‘%éé.cﬂt!%gé&?aﬁggf{8 a5 MeniiedifehsS ttlfg% ﬂ'l%nft%r] Ifor addressing

rther inspection to detect defects that are not detecta y the Fu
e \osegnbig 19aadsregRs MaepiivedfipT/ sigidrsneBiamayaitied. imAljeeugh a few
ahBesiRRRO LR RS FRAIRILING LR HaTRClRiARCARINEH B SIRAERR in the art in
The magnified images are then further inspected to' determine whether
wewedfstiaiariiselagioepieal neRRs Quh Shangascielsle mpeifisatioss can be made without
aupsERySRUl Hranelpecdaia npelivragigristic measurement
subsystem 150 for 30 measuring the lens power and lens thickness of the
lens in the last step 706. Conversely, if no defects are detected on the
lens, the step 704 is omitted, and the lens is directly 10 transferred to the
lens characteristic measurement subsystem 150 for measuring the lens
power and lens thickness of the lens in the step 706. 5 In the foregoing
manner, a high-resolution inspection system for performing object
inspection is described according to various embodiments of the invention
for addressing
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the foregoing disadvantages of conventional lens inspection systems.
Although a few embodiments of the invention are disclosed, it will be
apparent to one skilled in the art in view of this disclosure that numerous
changes and/or modifications can be made without 10 departing from the
€daasand spirit of the invention. 11 Claims 1. An object inspection

ystemyfor | ' obj ISing: a firs | uring a
Bt e e S PR BB e B TR e
one of presercirshetaiissefarecaptariegst foist idw@obihthebjscbbiee fitst image being

secong)g@éggg Bﬁg%ﬁéﬂﬂ%@%ﬁ@%’r\%@éﬁ@% InagRdle ?{t]fl@:%ﬁ%ﬂg%lefect on the

second image being a magnified vie at least one portion of the object,
the at ®djgsitone second image being processable to determine quality of

the at least Oﬁeséiﬁ%cgtéﬂ%ﬂgﬁi%ﬁ%aéﬁ@ﬁ Yhe qg{?ﬁﬁ qﬁﬁggeoﬂ?eq{t least one

acceptable and 10 unacceptable; | athird station for determining _
optical S8EOperiynagene vigjeécmagoiiiem i aiskirieasbPitepitigasobiiie object, the at

defect gt 6 A il Forah AR SRIRCt PRI IR RNG At at feast one

acceptable from the at | one Second image. 15 2. An object inspection
systenflgfeeh clhemaualitye@inthge Firsegshtiorecoaipeisdsing light surssgptable and
iIIuminﬂHQ&gﬂ)@aH@e&{daﬂd an image capture means for capturing the first

image of the object illuminated by the light source. 20 3. An object

inspection systdhirdsiationifarodetgiatingnhentictd dioparisaistne eidest gpon one of

complepentansMaakonde SREVEPATUHPTHEM AR SENEY ARt one defect being

charge-coupled device (CCD). 4. An object inspection system as in claim
1, whef8iarfRneapaecepididln fompheatiesst enpgeeeadiiBE8r illuminating
the object; an image capture means for capturing the at least one second

image of the . N . , : :
2. An object inspection system as in claim 1, wherein the first station comprises:

a light source for illuminating the object; and
an image capture means for capturing the first image of the object

illuminated by the light source.

3. An object inspection system as in claim 2, wherein the detection means is one of a
complementary metal-oxide semiconductor (CMOS) sensor and a charge-coupled
device (CCD).

4. An object inspection system as in claim 1, wherein the second station comprises:
a light source for illuminating the object;
an image capture means for capturing the at least one second image of the
object illuminated by the light source; and
an optical scanner being operable for magnifying view of the at least one
portion of the object and for directing the magnified view of the at least one portion

of the object towards the image capture means.

5. An object inspection system as in claim 4, wherein the optical scanner is a mirror

galvanometer.
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object illuminated by the light source; and an optical scanner being
operable for magnifying view of the at least one portion of the object and
for directing the magnified view of the at least one portion 30 of the object
towards the image capture means. 5. Anldbject inspection system as in
claim 4, wherein the optical scanner is a mirror galvanometer. 12 6. An

bject i A m: 4 rei t] IShe ;
B o o R A i s e of
a chargeroplepieatasie vitetal ORIDY. BmMicandisiect(Bbffetlicansgstand aschrarge-coupled
claim ]de\(mgr } : optical property of the object being determined is at
least one of the thickness of the object and the focal length of the object.

10 8. An object inspection method comprising: capturing a first image of

the Objﬁ?\t B%gcfirﬂsﬁé%%ﬂ’ %Vrgdégﬁta@"}ﬂga ﬁirlt.g WirEre eotﬁic%!] é)roperty of the

determine one of presence sence of at least one defect on

object; dugttineGdrRiesnivee egbleasintagebina tuelsmssedtion, abiecitand the focal
least opgliPst8RL3Hilpage being a magnified view of at least one portion

of the objgct, the at feast one second image being processable to

determine quality of the at least one defect, the quality of the at least one

gefect RﬁiBBjQ&‘?rB g&@&p}ﬁgﬁoa%mm%qﬁ&ptable; and determining

optical propeérty of the object by a third station upon one of 20 absence of _
the at least orfériefse: ahidstHeaar il tbe oldest IRastfbisk trifent tsidist image being

determipgd &3 K6 5 RIARITIRBABS AhIEQHRR FEHMEdBRIBIAs Bhe defect on the

object inspection method as in claim 8, wherein the first station comprises:
providifBiectight source for illuminating the object; and

capturing at least one second image by a second station, the at least one
second image being a magnified view of at least one portion of the object, the at
least one second image being processable to determine quality of the at least one
defect, the quality of the at least one defect being one of acceptable and
unacceptable; and

determining optical property of the object by a third station upon one of
absence of the at least one defect and the quality of the at least one defect being

determined as acceptable from the at least one second image.

9. An object inspection method as in claim 8, wherein the first station comprises:
providing a light source for illuminating the object; and
capturing the first image of the object illuminated by the light source by an

image capture means.

10.  An object inspection method as in claim 9, wherein the light source is a laser beam
emitting source and the detection means is one of a complementary metal-oxide

semiconductor (CMOS) sensor and a charge-coupled device (CCD).

11.  An object inspection method as in claim 8, wherein the second station comprises:

providing a light source for illuminating the object;
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25 capturing the first image of the object illuminated by the light source by
an image capture means. 10. An object inspection method as in claim 9,
wherein the light source is a laser beam emitting source and the detection
means is one of a complementary metalid8xide 30 semiconductor (CMOS)
sensor and a charge-coupled device (CCD) 11 An object inspection
method as in e r
light source fogrémmrﬁﬁgﬁ%é% gcf)gi@%tg &1%% capturing t fﬂ@ 65??% gg?tﬁ%}rﬁl@ﬁ}gaany the light
secondonTagdvanHeageapiilienineses] dydthe light source by an image
capture mea gﬁﬁ n |
object and forrm ect n a%%ﬁgﬁﬁﬂfgﬁﬁ glﬁ?ﬁ hgﬁ%ﬁgﬁ%ﬁ%%%%ﬁ% fol'r directing
the objié¢t tosgaitisdhdeninfetheaptupasthendiPbrtian optibal ejaphtawans the image
An objggﬁf&%(? Hyg}pgﬁlea |§b§|lmé’p 11, wherein the optical scanner is
a variable speed mirror galvanometer. 10 13. An object inspection
method as in claim 11, wherein the light source is a laser beam emitting
Bouco AN HIEASIRIATT FRI3 Qee 0'dLFATATRGIANY (e Gt Stanner s
semlconductor CMOS) sensor and a charge-coupled device (CCD
14. An@tﬁ]@@kﬁﬁ@?ﬁbﬂﬁﬁ%@ﬂh‘(ﬁ!‘@@@fﬁblalm 8, wherein the optical property
of the object being determined is at least one of the thickness of the

object and the focal length of the object.
13.  An object inspection method as in claim 11, wherein the light source is a laser

beam emitting source and the detection means is one of a complementary metal-

oxide semiconductor (CMOS) sensor and a charge-coupled device (CCD).

14.  An object inspection method as in claim 8, wherein the optical property of the
object being determined is at least one of the thickness of the object and the focal

length of the object.
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