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

lenses for defect®@¥reihdieRefeliaNoaSERYHANBIY EHERPoy

placing the lenses under magnification or projection onto a screen
whereupon the human inspectors then visually search for lens defects.
HisldealelnysBtighour intensive and subjective nature of human operated

IRPYFEQNT RROEMISH 1iafes JenBrIMN NG e SRPCHRPRIRFEDT objects.  More

Numerous methods have been investigated, foremost of which are 15

$RBGIEI GRHy AR RASRRBIN YN A8 se M RRT M dMeliaAnlsa S RsResdipg system.
electronically evaluated for lens defects. Commonly, these methods take
advantage of the fact that light, under certain circumstances when
BAELArAEAAg a lens irregularity, scatters in a manner that can be

EH@W@@W&QQ@%?QHS@&%% RSB HCNRS AV QPBRIUMAM AR Do visually

a light beam before and/or after passing through a lens in order to extract

BIRHBHIE RS IRAERT HESBRE SDBLRRIEH KPRy J8 Ad U Ssale i fisupdly by placing
S Raieat Meuer, TBAFZHB P hRbRBROH SoRRIEAT Meech, Lifledddpbh the human

Doke et al descripe a conventional system and method for lens inspection.

IARREEIREIIEBNUISURLAE PPAN HitHBRSadedRRiE rib&iPWP ¥ehe i dabeike Intensive and

e lapare wingAdioldesrseRpa GonefiomptetioMenst. fheutomating the
conventional system and method is only suited for inspectirgg lenses that

LRPRA0M BreSERot DATBIHSITS thasSeRR VD RESAIHTHaSHERth ClOtsHRRY @lwhich are

fHEséransResiedinimagedien rithiaseqlirgisaidtion. MagkcorRipgelagsasctronically
in the market are packaged in saline solution. This causes technica

| .
eyaliaiegdendensitslpmiyy (Moot dreRnh AH0s LR A0y A1 ah thaifaet that light,
gRdetieBriginiBFpesisemEBe RN encountering a lens irregularity, scatters in a 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 al 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 Doke 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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30 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

N4 AR tos RigherB ROt HRELIE RS Mﬁ%i@ﬂ-dﬂﬂm%ﬁrirﬁ% 8the lenses without

resolution lens inspection requires cameras that are costly and subject to
thewvasiabiing foreg el saserastficult to obtain high definition images of the
lenses without the use of the foregoing cameras. Additionally, lens

characteristics such as lens power and lens thickness are typically 5 )
Oediranstly. alees thBABAKEIS IR EUsBepScleamiPRYoraR ¢S, thickness are typically

GREVRREANGY IRSREIRMAIRIBEh UL R IRFEBANCERGRHIMAIE Sinspection

in which each inspection station independently measures and determines

shaliedtredpoAlang 1Es dnsradrimdaesirinewtoey, 1he WhiensashtdIpRAGHEN station
Fﬁ‘@‘el%ﬂr‘é%ﬁtfﬁﬁﬁb@ﬁﬁé?%ﬁ@‘ﬂ@&ﬁfﬁ%@ﬁﬁ@ GhRIGRIRtETeRdycAlReieriBies. However,

efficiency of the lens manufacturing process and hence lowers the overall

leidres RERE! otisrsdercis e naes dEina ORA & RRRI R SRR AoiARNABhANErsely affects
fharirei dRadiaosiRE IR ‘?ﬁéﬂ[]?é?ﬁ?tfmq: (RBEHISHRCHERL S RN ehBRIBN yield of lens

potentially creates opportunities for human-related mistakes to occur.
Preelrdiply MogreveLidhs NerskEPFdianastaier YePURM AMs I HRLNRIBiSIAg OF lenses

ReRleRs @pécfti@%i%ﬂ@ﬁ%%iﬁtﬁﬁ@ﬁﬁ@fbﬁﬁémﬁwﬂﬂﬁbﬁfﬁ%ﬂiﬁﬁ&eﬁﬁnamrelated
to physically transfer the lenses between inspection stations thereby

IMYREEME #f€ Yverall efficiency for lens manufacturing. Summary 20The

present embodiments of the invention disclosed herein provide a

high-resolution object inspection system forrFerforming ob(jgect inspection.

AFSRBRIM BRI FR st A8pE bR SIRRARDbRIHESIN dnscigeeeptly problems of
SRiRRgNERSHHiRCction systems by minimizing the need to physically transfer the lenses

between inspection stations thereby improving the overall efficiency for lens

manufacturing.

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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system for inspecting an object, comprising a first station, a second station
and a third 25 station. The first station captures a first image of the object
in which the first image is processable todetermine one of presence and

APSEEALRWRAST QBHFISH Qo ERReQRIRF IR REistRILeR SRBH{EESinspection

at least one second image in which the at least one second image isa )
PRRIGAFERMAERIRT EANBEYIGRESHHTIBELPTRE BRIREIOY A iatpBnd he firstimage is

SREAESAHIRAGCIRPAAFRSSRONT R IEHREANE ety BF HIGeaL ISRt RFEct on the object.

defect and the quality of the at 30 least one defect is one of acceptable T
Ahel mete plad|eonpEsasirepBIHIIAA ablersiines eprfl pRsSerRY sueRcRsd station in

s QPisstAawues 3nd datdmesngdhe Q%QIHW\REW Off HI8AGEAE Brtion of the

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

SRIRSImimB als|BRTAISREIRShiMAG S iasQs SRR & FatARBIE, agality of the at least
BEEARFBRCM Wi AR BRPACASTBRIRMENIGD oHrese de disalngas @ Onacceptable.

object inspection method comprising capturln(fl a first image of an object

bysH¥ir e tREBIRITIRdareRIer oI BHog CpsioBlePIORRERK PHIMe S HBSopiect power and

PieRBEESOR A ARG f e aatiene feiasicoss diaakiest theatMakiefe defect and

also comprises capturing at least one second image by a second station
the s\phHiveihdafldgaticie SeEM PanadieiRr RinRiATRGRERIB EANEHY: at least one

Rempitiageof 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. Lastly, the method

BPIBPHSSS ARSI IMBOPiealiRKRPerty such as the object power and
thickness of the object bﬁ a third station upon one of absence of the at

[dRRP BBt YA LEIYSEIRd ReleHsiishavHBrEdparfyto the drawings, in

@aiepmined as acceptable from the at least one second image. Brief
Description Of The Drawings ~ Embodiments of the invention are
disclosed hereinafter with reference to the drawings, in 15which: FIG. 1

siows ki@ arBRPILESIIUEDR 85D awiRbtRYStSBIeATeotdaehtPtaan embodiment of the
embodiment of the invention; 20FIG. 2 shows a lens defect inspection

KY5509fEm of the high-resolution lens inspection

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 FOV image of an object that can be split into nine portions (as shown on
left side of the figure) and nine corresponding magnified images captured by the Magnified
FOV station. The nine magnified images can be merged to obtain a total whole image of
the object (as shown on right side of the figure);

FIG. 4 shows an image of a lens captured by the Full FOV station of FIG. 2;
FIG. 5 shows an image 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 image
of FIG. 4;
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system of FIG. 1 in which the lens defect inspection subsystem comprises
a Full Field-ofView (FOV) station and a Magnified Field-of-View (FOV)
station; FIG. 3 shows an FOV image of ah object that can be split into nine

PREIGDSHAR SROWACEh#actefistif e Rt HuME LY ne GPHRSRRIIIREbIution lens

magnified images captured by the Magnified FOV station. The niné

ineRseHRY srfigEsAahlbe rhéryauhiehobiaineasothRAsigrésinageasHksment subsystem

EBHGSESBAMLRR Y 1Bt 8t I AR IY S thikRn S SRIRYSE &RiBMRIRLT @
lens captured by the Full FOV station of FIG. 2; 30 FIG. 5 shows an image

of a portion of the lens captured by the Magnified FOV station of FIG. 2 in

BMICH theoRRMHORGN AREHENGSRATRINI L HIS SpiaGisSIRRALIREHRMNDy the high-

image of FIG. 4; 4 FIG. 6 shows a lens characteristic measurement

ERsRYYHRB e WRRPERHACEEIAMGH s Inspection system of FIG. 1 in which
the lens characteristic measurement subsystem comprises a lens power
meter station and a lens thickness meter station; and 5FIG. 7 shows a
RRs¥dlesrDReEiRAG a lens inspection process performed by the high-

FEIRGHIAR RPN IPRCHRD SUTIRMRENCrot - FeAEHSA P 8Bf#PtIARbectiBn is described

high-resolution lens inspection system for performing object inspection is

brIsinalsd TRsREFkRsaker RS TRERAYIBSIREPIHEMSregoing problems.

For purposes of brevity and clarity, the description of the invention is limited hereinafter to
lens inspection, for instance, involving a lens having at least one of a convex side and a
concave side (e.g., a lens corresponding or generally corresponding to a portion of a
sphere). This however does not preclude various embodiments of the invention from other
applications of similar nature or from applications in inspection of other 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, for instance, lens having a convex side and a concave side
(e.g., a lens corresponding or generally corresponding to a portion of a sphere) 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



For purposes of brevity and clarity, the description of the invention is
limited hereinafter to lens inspection, for instance, involving a lens having
at least one of a convex side and a confve side (e.g., alens

SRIEG SN B RFRES D6 GREFREABALIAH IR 2P RINICRI AL IL7ieREB)) station 104

This however does not preclude various embodiments of the invention
#uha dMaepidisefdalibab Y& \atiatéoBrlem applications in inspection
of other types of objects. The fundamental inventive principles of the
embodiments of the invention are common throughout the various
embodiments. 20 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
25 of the invention. The high-resolution object inspection system 100 is
suitable for inspecting objects such as lens, for instance, lens having a
convex side and a concave side (e.g., a lens corresponding or generally
corresponding to a portion of a sphere) 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. 30 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 4a subsystem 102 comprises two inspection stations: a
Full Field-of-View (FOV) station 104 and a Magnified Field-of-View (FOV)
station 106. 5
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At the Full FOV station 104, an image of a lens is captured and
electronically evaluated to detect any defects on the lens. Thereafter,
regardless whether defects are detected By the Full FOV station 104,

RO @010 EnagRs 64 UHEHRRIPEF hARROE B 18RS AFfR %?él%ﬁﬂ:élﬁﬂélxaluated to
the Magnified FOV station 106 for further inspection of the lens. The

tetaabravigfecs rerdhailsAsmAbesafiena samsliers preatieliplesisiaredletected by the
Pélﬂﬁ@\ﬂ%ﬁsﬁ%ﬁtcﬁmﬁ’f@?&&ﬂ% W&@é&@i\ﬁﬁﬂ%ﬁﬁ%@ﬁ%ﬁ%ﬁtﬁ%@%ns are captured

different portions of the lens for allowing the high-resolution images to be

USPELTRIMASB e SN EREM LB Db o EISGtioi RIRe dBsoq TR Fowltiple high-
gRNANBA fIRGRs brarieiad Al ‘i‘)%@&%ﬁﬂ cHpeulRasUS Then JEansf e R timprises two

the lens placement subs%/;tem 30. However, if defects have been
BIERst S| (PRGBS Uin qt@é@ﬁn%!ﬁﬁf@ﬂbfpﬂfé'%@fé&é@el@%fﬁé aleuvieg the high-

Fb&|6fisSIRAEshS BEQ%B%@F&@V digeanciest %ﬁb%@ﬂ&ﬁ@&%ﬁﬂ@@ra‘&? \R¥able speed
will be transferred to the lens %gcement subsystem 130. Preferably, the

BYER: SRbyaiBr sy stdheotP st dfirialasie ébérW%u'ﬁthérr‘nBPé‘)%ﬁVr@ﬂ to the lens

priesieA defBsseMtanmtivalvaBEMarElsRsotalayeReRIgred, tthe severity and
Inspect the lens if the 15 high-resolution object inspection system 100 is

eRMEBlex by RAkee LR iBee iRt BIGWBEe B ke 8NOH Kcbe SEpRRIREHY disgarded. If

frilldriON §é@€|9l@d1%qgﬁéWﬁ?&%rﬁ@?&%@%%ﬂ@@ﬁﬁa&@&&ﬂ@lfbi%ltem 130.
illumination source 110. Separately, the Magnified FOV station 106

comprises a second detection means 112, a mirror galvanometer 114 and

PrerGOnNY ItHEN BN BPEGRA 1 stEhe fiost @él@rﬁﬁﬁ@%@'%@Wﬁnd complexity of
sources 110/116 are, for example, laser beam 20emitting sources. The

AeHecisrh AEREiat ANRRRYAN F0 OB TEPRGIRGDRY RE RISKSFLIR WRbsshie fens if the
ﬁ'@h’—%éﬁﬁﬂﬁﬁ'@lﬁ]@!bﬁyﬁé@!ﬁbd%mhﬁ)!ﬁ&%ﬁﬁ@r@%%éﬂ@ Qﬁl@g@'m@&'@ﬂ whether to

subsystem 150. As shown in FIG. 1 the lens placement subsystem 130

Qﬁﬁ?ﬁﬁj@éé%%t%‘?ﬂ%%kﬁb%ﬁw 30 Vostarop A0 LS P shdgipeigle means 108

b anbEitiuRiaatioatessrtsd Bndseparalay, thadaagiition PO atlgivw 106 comprises
holder 152. Both the curvette 136 and the lens holder 152 can be

PORFABALSRSHRR S L BN U SRARIMEL by YA ibs3ReRdrdynination source

Ti& botienfigickHe YedbASA IRk AtENSOEREANUNNAS Qi OtRICSXerEhlWaser beam
180C) and/or inverts the lens. This action results in the lens facing the top

W PIAAEESR (for example, the lens becomes inverted or 30 turned
“inside out). The bottom pickup unit 132 then transfers the lens to the top

ickyp unit 134 and moves away to allow the top |ck |t 134 to p
B B P DA EBRA JaR i W S dTHHB [ s defect
rlipeediaristipgyeterminatian sisbryaiamatatetfdc, uetmmhem@ﬁlqmmstem 150. As
inversion thereto). Addltl% allﬁ the ctuator motors 138 dlsBoﬂace and

R o d LS BNTESP IAOCRIRIESA BAHRR R pfafReunit 132, a
Bpopicdle) imihe3apticalievgtcol 88ealehactuator motors 138 and operates in association

with a lens holder 152. Both the curvette 136 and the lens holder 152 can be positioned
relative to a common axis controlled by actuator motor(s) 154. The bottom pickup unit
132 picks up the lens and flips or rotates (e.g., by 180°) and/or inverts the lens. This action
results in the lens facing the top pickup unit 134 (for example, the lens becomes inverted or
turned “inside out”). 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. The lens holder 152 then moves to the lens characteristic determination subsystem
150 (e.g., without rotation or inversion 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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6 At the lens characteristic determination subsystem 150, the lens power
and thickness of the lens are determined. Lens power essentially
measures the focal length of a lens. Thefens is first transferred from the

AryEtiEnd LR AsNgAANG A STDS, B8R @9&9%&@%@6\%{%@%@%5 of the

an actuator motor 154 and is movable Rgrpendicular to the optical axis o

ters &ecdpiernmaathedSfcRAMEY SFIPRIIRINS MsRIAES R foeridangid aEmdipas. The lens
Hirddetgcdiondnemin IRb/Ptadnisd HHPINaLeN RIHEFQ 328 The lens holder 152 is

Independently, the measurement of the lens power is Eerformed usinga
PO FAtieE b8 AORC FRIAR 08D, Ebfeafiaifg@osa tRer pran ieripeaetcal axis of the

BRangAS gkl G drierh stalieetion Meanestol maraRkiesing sRrPaetection means

iarallel to the optical axis of the lens and is driven by an actuator motor

1 a0d Adaiie nHwnitaiARsEANIRSindfon Bulerandarilysdbsnasaswhemaidrof the lens
BOWErEis BErAstehERUIKIHHUNDAHA WEIE@ s LA2aRECYHie Raskligdieg 02 and a fourth

llluminate the lens at the respective subsystems of the high-resolution

thjedpatispanaans diderhtedourhidatectine feandhtinadiny aoigralond  plane parallel
eegRptikmiRRlionsowiseahd Gsant sl aeninpsiondreaea, 15 162 are

preferably operable for varying the amount of illumination to thereby
enable images of the lens to be selectively captured and inspected (e.qg.,

Aﬂﬁﬁfdﬁi_éiﬁf,eﬂHiﬂFﬁiﬂﬂ&ﬁﬁﬁﬁ@ﬁ‘%u?'&elfi@té@%ﬂwmiﬂﬁiﬁ@ti'éﬁ_esélll‘ée 116 and fourth
second illumination source 116 are preferably operable to emit light along

U ERLAD AN83RR: SA2IRIEVI e haskd Ightng e llemitaindARslatie at the  respective
2bFNefirst seteetionmeasniion. serendrigestion syeans 188, thitdrther, the first

detection means 156 and fourth detection means 160 are preferably one

ARRIEM SRS e Pesad bIANCISH (eI FRd Qg M Ination means

chargR-GReRiedIJeyiReiC R LoRydvidehleamnao el iTumisallyndigitdereby enable
cameras equ(i;oped with either the CMOS sensor or the CCD 25 are us

Ima9esctdRtidenmicabs saiRFHIEM I SARLHGH %%W%&%Bn&%&@ﬁi@ﬁﬁgﬂt lighting

fofanpAd)?2, thind dateciinmimeans Lebreaningluse dmadinenflementsdirée 116 are
manner understood by one of ordjnary skill in the art. Details with respect

REedsEA R RREARIENTO £ Lot ManaghipriirRiovM b dhah HBkdEe e ys and the
ghewtivindéns2.08he1etup at the Full FOV station 104 shows a lens 200

enclosed in a protective casing or holder 202 that is positioned on a

support 204. The holder 202 can carry a lens having a convex and/or

TABGRYEARGIEIPShmBama B sHaahfogdlitatRm iMmedR capluha-dieeetisineheans 156 and
vaar#ati n, magnification and/or assessment. lllumination isFﬁrovided b

Yy .
stARtRTHREt JHEaTrcEoP1 1B ePEEREARTY fiREd Rt cFOMMRIBRRAEG (getal-oxide
sapicsRdGibelgeMOsYaaistie dans 2 @Bargeccinped igdtiee qiotaly to provide lens
Processed and (i:-valaiate for . o
maging. Typically, digital cameras equipped with either the CMOS sensor or the CCD
are used in the detection means The first detection means 108, second detection means
112, third detection means 156 can include imaging elements in a manner understood by

one of ordinary skill in the art.

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 or holder 202 that is positioned on a support 204. The holder 202 can
carry a lens having a convex and/or concave portion in a manner that facilitates image
capture, processing, evaluation, magnification and/or assessment. 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



6a 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

dEeLhRBLRCHODMERNRASL 21 HErdRRINIE RIS, Rﬁéf%ﬁéeﬁbﬂrﬁQE@%%rred to the

by taking high-resolution images of the required 5portions of the lens .

Wagrifiadidr) hStrinF 86 Jeftideriien AsRgRMBTHE ablido BetEeny«r Hiselens 200

esieghtn the laprckindrs SHaBHABAItIRNSIE ISEtbhRe CRERAYNOREMIENS 2.

to undergo inspection at the Magnified FOV station 106 to ensure that the

leranidiefitaptifrderiqened nrrteeahbe byifakishsighyeselvtiee devass afdhe required

P HRIEFIRR IR R B Magnified FOV station 106 and not by the Full FOV
station 104. To selectively capture images of any portion of the lens or
object 200, usage of the mirror galvanometer 114 or a positionable or
steerable mirror 206 in conjunction with the second 10 detection means
112 is required. The mirror galvanometer 114 or positionable or steerable
mirror 206 is operable for bringing a portion of the light passing through
the object 200 into focus to thereby facilitate capturing images thereof.
The detection means 112 captures the images of portions of the lens 200
and thereby sequence of the images of portions of the lens 200 is
generated. The sequence of images can include, for instance, nine
images 15 and can be merged to get a total image of the entire lens 200
or substantially the entire lens 200 as a result. Consequently, the
Magnified FOV station 106 can have a resolution as small as 2.5 1.tm in
size.
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The nine aforementioned portions of the object 200 are shown in FIG. 3.
The object 200 is 20 placed under the fuJl FOV station to obtain image
portions 304. The magnified FOV station 106 can generate nine proper
images that can be merged to get magnified image portions 306 and the

magnified image 310 of the whole object 200. Although the magnified
Imagdites 8shsll i M-sBligaiMemigiiratibaedimis ArtecBepyiengsiects on the

% meghied dnagRdRIShS N RERATHEQRSSHNGARY @H@fbeﬂrﬂégg%@%é%tion at the

depending on the specifications of the defects to be inspected.

Mrsniias inRYesiaippri8ainmasdss babiedepy tsedefart=tme stdngice. there are

JiAHEIRIRAR LR - tReSAGE LA dNBRBE A2 QbR BY RN IAhdAsrRaeRI¢ QRiR6h 106 and
E(_‘;?P{t%i’élens magnified by the 5 Magnified FOV station 106. Defects present

thdidhFé? Yhalad iR dR4ens were identified after digitally processing
and evaluating the image 400 and image 402 to determine whether the
defects are acceftable or unacceptable. FIG. 6 shows the lens

ERarlectiNebe Getarmmimagsh Gy BREHPR 56, Lapniens QSrApissk @ '3awe of the mirror
SHAIGTIQEMAaasH G418 ARSI O BNGE ARG ARF I RS c b [IRERAURMHARe second

measuring the lens power cgm}érises the fourth detection means 160 an
-1

d
HSERUGRITAR i kA ST PALHAY. 15De FsTeF galvaneepieaditg 9eRewibanahle or steerable
thierte st d8raes S92 IE 18 st anNsoPdnp LaENIgARLINEYI AIBaSHERR object 200

generates an image of the test target 15 602. The image is captured

fie : ! by
téefosyR Ih EeReLY deciAtR IRSVEBR I BVR9RSEORTERR bR GRHSUstiTIPRRis12 captures
Pletpdgradingdaisns Q4 -thienes, 2be sieieptRbRNENEEDRUESIRAGS of portions of
image of the test target 602 by adjusting the position of the detection o
meegpg 766 W?%ﬂhe Sequence of images can include, for instance, nine images
and can be merged to get a total image of the entire lens 200 or substantially the entire lens
200 as a result. Consequently, the Magnified FOV station 106 can have a resolution as

small as 2.5 um in size.

The nine aforementioned portions of the object 200 are shown in FIG. 3. The object 200 is
placed under the full FOV station to obtain image portions 304. The magnified FOV
station 106 can generate nine proper images that can be merged to get magnified image

portions 306 and the magnified image 310 of the whole object 200.

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.
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The lens power of a lens 600 is measured by providing a test image 602
to thereby enable 20 the fourth detection means 160, together with the
usage of an imaging lens 604, to capturega virtual image (not shown) of
the test image 602. Equations for determining the lens powers and
magnification ratio of a lens are expressed as: 111 -+-=- u v f (Ia) =(Ib) in
which u is the distance of the virtual image from the lens, 1) is the

fielancRRidng RRiREII0PBASdRTTe Idndbsptord IRneh i fonsaatH Ma whereas

is the magnification ratio of the lens. E iguatlons (la) and (Ib) are known as

6 Thilewhand R AR REIRNIRIS FBIRIE RDIREE vy magaified by the
[nRRNTiER Rrasitiongss ingde @Ef&?@??es*éﬁta%ﬂ‘i@%?ﬁoﬁoéft'% %famﬁle lens were

fourth detection means 160 until a virtual image of the test image 602 s
gigntified after digitally processing and evaluating the image 400 and image 402 to

determine whether the defects are 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
lens power comprises the fourth detection means 160 and the fourth illumination means
162, motor 164, the imaging lens 604 and the test target 602.

The imaging lens 604 in combination with a lens 600 generates an image of the test target
602. The image is captured by detection means 160 that is movable by motor 164 along
the optical axis of the imaging lens 604. Hence, the detection means 160 adjusts the image

of the test target 602 by adjusting the position of the detection means 160 by motor 164.

The lens power of a lens 600 is measured by providing a test image 602 to thereby enable
the fourth detection means 160, together with the usage of an imaging lens 604, to capture
a virtual image (not shown) of the test image 602. Equations for determining the lens

powers and magnification ratio of a lens are expressed as:

1
—+i== (1a)

(1b)

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

(la) and (Ib). By definition, the lens poweﬁgfj1 P,isgivenasP=-1. 9A

SSAORG $5atiAp fBLdRieLmiHng ﬁ%l’\%%ﬁ]'%ﬂ??ﬁe%rlﬁﬁimgnﬁwﬁe magnification

detection means 156 and the third illumination source 158. The thir
iatimmpfdhiedess @ ars ghempemridaeRiBe eatatipastdd)ansh(dply 3y definition, the
towards the center of the lens 600. The beams are 5 preferably one of
|eRepOeNS, dheiviehedbBams. Subsequently, the beams reflected by the
lens 600 are received by the third detection means 156 and further
processed for obtaining a set of optical information, by which a lens
thickness can be determined based upon techniques known to
practitioners in the art. 10FIG. 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 15FOV 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
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defects are captured in step 704. The magnified images are then further
inspected to 20determine whether the lens can be accepted. The lens is
then transferred to the subsystem 130. THe lens can then be rotated

and/or inverted by subsystem 130 in step 706. The subsystem 130 picks

up the lens and put it on the lens holder 152 in step 708. The lens holder
AsseomuhAiRHER I Wairsraingg i eniensi5ickagar RmEHSee e imagisletection means

SEBIYERE thadt ilFIRRFFNHACCHSEC FHRMHEMImthEIBRS YGRS its beams
power and lens thickness in step 710. 10 In the foregomqﬁrﬁn}éanner, a

VoA <2561 FESS e Rl PRI RVVRICD 1B r RSIGTo Blo S18nLaRE BB is The beams are
FR3er R AHecardiRer tBekAioMRIaY ROFERRBISRILLRGIBNEYLIRR ams reflected by the

addressing 5 the foregoing disadvantages of conventional lens inspection

5B RIsaTRITRBRIYPAPIE I IiES RIREHNI BRBS AvERTShIurb &liBeRssaEedior obtaining
Wb RBPAEENIAFANGLDH!I R I HA 4L In¥IRNYCRhES (s AlasHERRhed based upon

numerous changes and/or modifications can be made without departing

feehRigHeskBpRRRPSRtIoNeRRIMeAIGN. 11

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. The lens is then transferred to the subsystem
130.

The lens can then be rotated and/or inverted by subsystem 130 in step 706. The subsystem
130 picks up the lens and put it on the lens holder 152 in step 708. The lens holder 152
can then be transferred to the lens characteristic determination subsystem 150. The lens

characteristic subsystem 150 measures the lens power and lens thickness in step 710.



Claims 1. An object inspection system for inspecting an object comprising:
a first station for capturing a first image %the object, the first image being
processable to determine one of presence and absence of at least one
defect on the 5object; a second station for capturing at least one
second image, 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

m%#@@&&iﬂéjﬂ%ﬂﬁ@??ﬂUﬁ%—@s&@t%'%b@dﬁ)ﬁ%?%WQ&UBIB%?@ng object

the at least one defect being one of acceptable and 10unacceptable; an

IspRelimiforiersFiBeterssRIRIg DERivATIgHSRIARogimeata B Eha Rysniipn for addressing
ARSEEE AN AOATEGRE FEIBRYCALBRS ABIRCHESRESHOBSIHRM Adtifbugh a few

claim 1, wherein the first station comprises: 15a light source for _ _
AROAAYSRE BejEntentien are disciorsde iEAHILIRS ARPAFRNIP QiIstSkihigdra the artin
sk iBreges Afi bR QR Mt wiabed BvaiirRdidhbRR Rl ffcaiPLCRIRBe made without
inspection system as in claim 1, further comprising a subsystem

OeRBHNGErRM thaievRetrRISHIEE S AR &8 Hons. 4. The object

inspection system as in claim 3, wherein the subsystem is configured to

rotate the object by 180. 255.The object inspection system as in claim 3,

wherein the subsystem is configured to
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invert an object in association with an inspection process. 6. The object
inspection system as in claim 2, wherein the image capture means
includes one of a complementary metal-ékide semiconductor (CMOS)
8¢asq¢ and a 30charge-coupled device (CCD). 7. The object inspection
system as in claim 2, wherein the light source is positioned to emit light

hlong AMchiee papaation RYSIARLEFHBSBRGHBE ARDRIECAABETEIRtre
means. ha 8. Tﬁ@t%ﬂ%ﬁ'?épéfﬁtanr?@/ﬁtﬁ@ﬁﬁﬁa&'@méowjta@f%th%t image being

second station comprises: a light source for illuminating the object;
image REJsRIafcideterRESIANR §TiRceseneasnembssased ah @n@h@efect on the
object gNg@pated by the light source; and 5an optical scanner being

operable for magnifying view of the at least one portion of the object and
for directing tReSRSARAIAEH VielDrofaRkbIARGak1RsaE PSr56¢0BH tHRagBjdEe at least one

toward&%ﬁd”‘\%ﬁ%&@&ﬂ{j’% REgAic Vib %‘?Jﬁﬂéﬁs?tp@ﬁé"ﬁ@rﬁb‘ﬁt%‘iﬂtﬁé‘h%ject the at

claim 8, wherein the optical scanner is a mirror 10galvanometer. 10. T

object 'ﬁ%‘ﬁé&ﬁﬂ)?P§9§%W%elﬁ%fﬂrﬁrgcww@iﬁqwt§w% gealityepf the at least one
includesriRe Gha RRRIFRNIRQHBITERT RRG SoREeRIaNRI8 ETRY- one of acceptable and

unacceptable; and
a third station for determining optical property of the object upon an

absence of the at least one defect.

2. The 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. The object inspection system as in claim 1, further comprising a subsystem

configured to move the object between stations.

4. The object inspection system as in claim 3, wherein the subsystem is configured to
rotate the object by 180°.

5. The object inspection system as in claim 3, wherein the subsystem is configured to

invert an object in association with an inspection process.

6. The object inspection system as in claim 2, wherein the image capture means
includes one of a complementary metal-oxide semiconductor (CMOS) sensor and a

charge-coupled device (CCD).

7. The object inspection system as in claim 2, wherein the light source is positioned to
emit light along an optical path that includes the object and the image capture

means.
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12 11. The object inspection system as in claim 8, wherein the image

capture means of the second station inclydes one of a complementary
metal-oxide semiconductor (CMOS) sensor and a charge-coupled device
§CCD)Thd 3y b ARSI RSN HRANAS IR Be WherRin iR AU prises:
source of the second station is positioned to emit light along an optical

path that inclidéghirie WepetardHurmeatingdeecdiiéGle means of the second

station. 101316 ELHSREAHANSH DAY Rt el \GHEILUAA image of the

optical property of the object being determined is at least one of the

thickne2y a5t iHErBHjRISE YRR IEhESPIERRtANSE the object. 14. An object
inspection meihoghGeNBEHAS: AORRPSRERBIR ﬁé?tr‘}fé’&}ﬂﬁfﬂfdhﬁeﬁ)\'i}jéﬁmyai‘ least one

first station, the first image being processable to determine one o _
presenk@ Ber Afifbe abéeek Atddasdpetinarde waamdihdeyy of theaplgasigne portion
at leashpiip 8BFANELINAGERY ihageeastsiakipanthe at least one second

image being a magnified view of at least one portion of the object, the at

20 least one second image being processable to determine quality of the

gt leastrap@ KjetechsHertirdi¥tohtae iRl dadst ONRIRERCHREEINI NS &nner is a mirror
acceptable and unacceptable; and determining optical property of the

object BH¥2HARESAtion upon an absence of the at least one defect. 25 15.

The object inspection method as in claim 14, wherein capturing a first

image of the object by the first station_ comprises: ] ) )
10. © The object inspection system as in claim 8, wherein the optical scanner includes

one of a positionable mirror and a steerable mirror.
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providing a light source for illuminating the object; and

capturing the first image of the object illuminated by the light source by an
30image capture means. 16. The objectiAspection method as in claim 15,

wherein capturing a first image of the object by the first station comprises:

providing a laser beam emitting source for illuminating the object; and

iba  Theghiashierectien rRyg s InElabe8t Wherkhatbe ijagecChRpute means of the

beam gmREHAY KBRS ieINERNBRY JEUNBHMFHRMIRE A Yxide semiconductor
semiconductor (CMOS) sensor and a charge-cougéed device (CCD).

517. THE MR SPRS g Arerarasacaynted idgiiced Gaer comprising

positioning the light source to emit light along an optical path that includes
the object and the image capture means. 18.The object insEection method

&2 in cibifh aRieqyhRTRSALEDRYFIRE 261 EhSladeSs ddinein i dgBLspYFre of the second

SE_Cor;%t?g%i?% CRIHROSEP P ERVICIRM ElSHY 80 WitecFPPHIMNHBRIILR the object and
object;
: the image capture means of the second station.

13.  The object inspection system as in claim 1, 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.

14.  An object inspection method comprising:

capturing a first image of the object by a first station, the first image being
processable to determine one of presence and absence of at least one defect on the
object;

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 an absence

of the at least one defect.

15. The object inspection method as in claim 14, wherein capturing a first image of the
object by 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.

16.  The object inspection method as in claim 15, wherein capturing a first image of the
object by the first station comprises:

providing a laser beam emitting source for illuminating the object; and
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capturing the at least one second image of the object illuminated by the

light source by an image capture meanz;zfgmd magnifying view of

the at least one portion of the object and tor directing the magnified view

of the at leastgpg RAGIALOFileE RRIGE! HWMREID R IMAGRIRSRAIWS the laser beam
means by an optical Scanner. 19. The object inspection method as in

claim 18NiHS-epyeasteina Pt RfsednBledesiimaid-BYi deseaieductor (CMOS)

stationLALAPHRES %r@@@ﬁlpﬁ@@ﬁ@ﬁc@%@@ Z_es magnifying view of the at

least one portion of the object and directing the magnified view of 10the at
least one portion of the object towards the image capture means by a

mirror Rl RPeiRipeiohnMARIRFEINFPRHIAD ﬁe%%QSW%é%ositioning the

wherein capturing at least one second image by the second station )
comprileBt SR QiR 1H9BE Bloas @mabHepkparechal iMGHIReatihg fject and the
object;iafide capk@PiHERS:the at least one second image of the object

illuminated by the laser beam emitting source using one of a

complementary metal-oxide semiconductor (CMOS) sensor and a

QQ.argﬁ%%ﬁéﬂﬁyﬁé@t(&ﬁﬁét%@%-waﬂﬁﬁqﬁ ipRAGHAAMMATAE A@RAR one second
e

claim 18, further comprisin%gé);itioning the light source of the second

station BRERRNIENSLSERANG & iedNPEi¥that includes the object and the
image Capt!”%r@_\ﬂéﬂ%;%ﬁi@ﬁt%@ﬁﬂf@*&téﬁﬁﬁﬂﬁa@iﬂ'@ﬁ]@ gkinspection
method as in claim 14, wherein determining the optical 25property of the
object comprises determining at least one of the thickness of the object
and the focal length of the object.
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19.

20.

21.

22.

13

capturing the at least one second image of the object illuminated by the light
source by an image capture means; and

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 by an optical scanner.

The object inspection method as in claim 18, wherein capturing at least one second
image by the second station comprises the optical scanner comprises magnifying
view of the at least one portion of the object and directing the magnified view of
the at least one portion of the object towards the image capture means by a mirror

galvanometer.

The object inspection method as in claim 18, wherein capturing at least one second
image by the second station comprises:
providing a laser beam emitting source for illuminating the object; and
capturing the at least one second image of the object illuminated by the
laser beam emitting source using one of a complementary metal-oxide

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

The object inspection method as in claim 18, further comprising positioning the
light source of the second station to emit light along an optical path that includes

the object and the image capture means of the second station.

The object inspection method as in claim 14, wherein determining the optical
property of the object comprises determining at least one of the thickness of the

object and the focal length of the object.





