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1 HOLE INSPECTION METHOD AND APPARATUS Field of Invention
The present invention generally relates to apparatuses and methods for
inspection of an 5 object. In particular, the invention relates to an
apparatus and a method for inspecting internal surfaces of a hole in an
object. Background Many manufacturers routinely perform inspection on
their manufactured products. 10 This is typical of quality control measures
where products that are defective are identified so as to control the quality

of the manufattGrel phbeicts T MN M fabrdxbilp AGRATR Y HlRre

inspection on the products' interior surfaces, such as nut holes.
Conventional methods of performing a hole inspection typically involve 15
il ik lsvardi®hera for capturing an internal surface of the hole. The

camera and the manufactured product are usually rotated with respect to
A Gt VBPUER RPN Sl AR AP P eI [ Bgtion of an
shjdecein paryeasesiniim samelatent the apearafasted pietlugtfarenspecting

rotate b\ﬁthreqeqfuuadred 20 EE)r_ld sixty degrees relative to each other. The
'@ét?ﬂl-ﬂjasg BRI 2 ARANYRE complete all round view of the internal

surface as the camera or product completes the rotation. The captured
'mage of the interior of the manufactured product is then used to identify
%6? ﬂﬁ%'ijﬂgfects on the interior of the product. 25 However, the

pRIAYenimndEmethodsnfredyfperingnhdlepasmction tesr umdasfialyednmgoducts.

onsuming due to the time required for rotating the camera with respect to
B ARl LA B RO Rl ey e BT GFOGHR iR ate, Gpiccuive are
idenfofieting hote tosped tien qurigostlyhtomanufatiaeepiddecause a rotating
mechanism is required for rotating the manufactured product. The
rotating mechanism also produces vibration that undesirably affects the

Maaitynahifaagesdopicdoed g the dapeetitomal thepnodiscts” interior surfaces, such
as nut holes. Conventional methods of performing a hole inspection typically involve
the use of a camera for capturing an internal surface of the hole. The camera and the
manufactured product are usually rotated with respect to each other in order to obtain a

complete all round view of the internal surface.

In many cases, the camera and the manufactured product are rotated by three hundred
and sixty degrees relative to each other. The camera subsequently captures the
complete all round view of the internal surface as the camera or product completes the
rotation. The captured image of the interior of the manufactured product is then used to

identify potential defects on the interior of the product.

However, the conventional methods of performing hole inspection are undesirably time
consuming due to the time required for rotating the camera with respect to the

manufactured product.

Additionally, the conventional methods of performing hole inspection are costly to
implement because a rotating mechanism is required for rotating the manufactured
product. The rotating mechanism also produces vibration that undesirably affects the

quality of images obtained by the conventional methods.
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2 Furthermore, conventional systems for performing hole inspection do
not possess sufficient depth of focus. This results in defocusing of hole
images captured by the conventional systems, and produces undesirable
low quality images or unfocussed images. Unfocussed images are
difficult to inspect as well as to extract erucial 5 dimensional information
because calibrating the unfocussed images results in poor pixel
resolution characteristics. Figs. 6a and 6b depicts prior art systems for

Hm@gﬁgp&ti@ﬂnwmipf@eﬁyﬁm tqg.p@étorami riptitde syﬁmﬁi@oodo not possess
SRASISHP AR GRTBRIR 6qhR_RNAANORICRIRAIH S0k W@a&%gé%/l by the

a rotary mechanism (not shown) that rotates around a central’axis
GoRNANRNR GStaMoWANCNTE0edaeTe WistksRRiBdaw Laltl thmsgrsifRirdifocussed

i@%ﬁQQ”SL}n?o%LW&%f SniRGES HRAYRRIIAMBYINIREE 45 WP A IRaY<rucial

 of an object 608 are captured. An illuminator 609 is used to illuminate
dieespjectloodomeaiandiprRs Biseheabigdue brtufasspeastidmagemeesplisctn poor
Fgg(pprggépﬁﬁ;ﬁghg%g@ﬁgt%ph positions can be setup to obtain 15 more

images. These images are subsequently inspected by a controller 610
that identifies defects in each of these images and determines if the

O HLOR) ISR PPy /SRMBIBPAJRSIRSEERH RATARR e %o Fig. 6a,

golden template or through meéeasurements of defects against limits set by

ahertisaksystorRPGerasisting ahbawEngsAoPARNS, 2tRtiEobrRskigiAGhés mounted
APILFHEPR MeaRthinaRa Al thaPHsate AURLITehtiit BRI &6, A rotary

system 700 is normally used for inspecting objects that have small to

RIiorF SHRVAN EANAE HicoPRH (A SRRdms e/t IBFReCHI TrrsaLIROSHARI Ot B where
m@t%éyoég, %m%g@%%g@@%ﬂ@ﬂ%éq@@i§ﬁ°ﬂ%l§]@c%@¥?me%tured. An

object is rotated while the optical module 604 captures images of the

igyjpEaeRe0s el ol hrpiratmiaevftierd B8dReransingma Eifeyrpese of the
e RiRhast BSIRAAs 8t figpsaedn MRdLIRInG IR AN BERERR obtain

700, the time required to capture several images is not only undesirabl

| 1 Y
TN, tRBYSntrdifGse 101RI83s 8 e SUhSA BN dBSRESIGRY Arfegieollsr 610 that
iReogReinatem fesdRTanien inssttanalyeBa1stem tRETHENE0S is good or

faulty by comparing inspected parameters with a golden template or through

measurements of defects against limits set by end users.

Fig. 6b depicts another prior art system 700 wherein the object 608 is rotated instead of
the optical module 604. This prior art system 700 is normally used for inspecting
objects that have small to medium size and weight or in cases where the optical module
cannot be rotated due to spatial or design limitations. In this prior art system, the object
608 is rotated while the optical module 604 captures images of the object 608 at several

preset intervals to produce the same effect as the prior art system 600 of Fig. 6a.

In the foregoing prior art systems 600, 700, the time required to capture several images
is not only undesirably long, the controller 610 is also required to process several
images to produces images for inspection. Additionally the system cost of the
foregoing prior art systems is undesirably high due to the need to use a motor and

encoder module 612 to rotate the optical module 604 or the object 608. Information on
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30 foregoing prior art systems is undesirably high due to the need to use a
motor and encoder module 612 to rotate the optical module 604 or the
object 608. Information on 3 the rotation of the optical module 604 or the
object 608 is then fed back to the controller 610 for triggering the
cameras 602 at appropriate trigger preget points. There is therefore a
need for inspecting internal surfaces of a hole in an object without 5
requiring the object to be rotationally displaced and quickly arrive at a

tﬂ‘@slnqt@i}omngﬁébﬁngpﬁ@}hgmwag@éf ﬂﬁet%tﬁbifﬁﬁteﬁﬁ)él Mfw_@egedf haek to the
ORI RABIAY: FIRRRINAR S Afde @@ﬂ%ﬂﬁﬁﬁﬁéﬁﬁ%ﬁsﬁ)&%@e’&ms.

inspecting internal surfaces of a 10 hole in an object without requiring the
object to be rotationally displaced. Therefore, in accordance with a first

ﬁﬁ@@%i'ﬂﬂ%%feﬁﬁ%%\ge@%sﬁ@&fﬁ ﬁrﬁé?ﬁ%‘?%%ﬁjf?é%siBFB%iQ’?n’BﬁtBHfégt without

The inspection method comprises directing an illuminating light towards a

ealdrHiH tRRiesktteritePitanal yn@ipptacedrid evterdimg benaben ieflt by
i?a%ﬁ%ﬂ remiiiemnddieoNERaHRB MBMarsaIFLCORRAS RSIESCeiving light

eflected and “scattered from the internal surface through a lens assembly,

the lens assembly having a depth of field extending at least between the

Sy pfgmities of the hole. The inspection method further comprises

capturing a flat image of the internal surface on an image plane, the
Emdothhemttakthe ingestiostdistidbe dhbveinsiaohg tinepatimyagerreatd 2 aces of a

rforming.image, processing and inspection of the flatim to thereby

O e g e S A o
embodiment of the invention, there is disclosed an inspection apparatus

T d?é”%%%c'!)"rﬁnrh%"é‘t\?\(ﬁt Ph i'gﬁtcém %Prﬁ'e%HF‘dE%”ﬁn')&'ﬁg%ﬁrﬁ;%“%%d&s"i‘ilgsed an
ole’having two extremities and an internal surface extending between the
itvspeetitre mitt®JdT héhadpeutinappetiad Satsorisesnginesng End lasseatbly light
for receiving_ light refl ng scatt fm'jﬁi r .r%e
Ty A S T R BB oo
thneovixgrandidieth oOf Hiee lich spete rohingedit ddaalso comprises receiving light reflected and
scattered from the internal surface through a lens assembly, the lens assembly having a
depth of field extending at least between the two extremities of the hole. The
inspection method further comprises capturing a flat image of the internal surface on an
image plane, the internal surface being substantially in-focus along the flat image, and
performing image processing and inspection of the flat image to thereby inspect the

internal surface of the hole.

In accordance with a second embodiment of the invention, there is disclosed an
inspection apparatus comprising an illuminator for directing an illuminating light
towards a hole having two extremities and an internal surface extending between the
two extremities. The inspection apparatus also comprises a lens assembly for receiving
light beam reflected and scattered from the internal surface and for imaging the interior
surface into a flat image, the lens assembly having a depth of field extending at least
between the two extremities of the hole. The inspection apparatus further comprises an
image capturing device for capturing the flat image of the internal surface on an image
plane, the internal surface being substantially in-focus along the flat image, and a
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between the two extremities of the hole. The inspection apparatus further
comprises an 30 image capturing device for capturing the flat image of the
internal surface on an image plane, the internal surface being

substantially in-focus along the flat image, and a 4 processor for

performing image processing and inspection of the flat image to thereby
inspect the internal surface of the hole. Brief Description Of The Drawings

5 Embodiments of the invention are disclosed hereinafter with reference to
RFRCER3ANIFR NeTFrImiae: i PRI SRIND g raspestiMrefttori flak Hoage to thereby

iiﬁﬁﬁ%?{mi_ﬂ%ﬁ%ﬂéﬂﬁéeeaofifﬁé ggnPodiment of the invention. 10 Fig. 2 is a

cross-sectional view of an apparatus for hole inspection according to an
embodiment of the invention; Fig. 3 is a cross-sectional view of a lens

Brre MR RhiRm PRIt Af figs 21 15 Fig. 4 is an image of a
throg\gh-hole captured by the apparatus of Fig. 2 that uses back lightin

P aiimantsabie dvetuee-Hisk oanth herpaatier tiBreTesgnerdel thy %@wings,
iARPRTAtuUs of 20 Fig. 2 that uses back lighting; and Figs. 6a and 6b are
schematic diagrams of prior art systems. Detailed Description 25 With
reference to the drawings, embodiments of the invention relate to

ERFPECOC, IMGRNRLiaAALest Of iR R FRIRCHNYIBOHEHCALBRIHES0 a first
object to be rotationally displaced. Conventional methods of performing
@Héﬁé’éﬁ@ﬁt&@%ﬁé@?&@ﬂ/ time consuming due to 30 the time required for

rotating the object through three hundred and sixty degrees.

Fig. 2 is a cross-sectional view of an apparatus for hole inspection according to an

embodiment of the invention;
Fig. 3 is a cross-sectional view of a lens assembly of the apparatus of Fig. 2;

Fig. 4 is an image of a through-hole captured by the apparatus of Fig. 2 that uses back
lighting;

Fig. 5 is an image of a through-hole with screw nut tracks captured by the apparatus of

Fig. 2 that uses back lighting; and
Figs. 6a and 6b are schematic diagrams of prior art systems.

Detailed Description

With reference to the drawings, embodiments of the invention relate to inspecting
internal surfaces of a hole in an object without requiring the object to be rotationally

displaced.

Conventional methods of performing inspection are undesirably time consuming due to
the time required for rotating the object through three hundred and sixty degrees.

Furthermore, cconventional methods of performing inspection are also costly to
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Furthermore, cconventional methods of performing inspection are also

costly to 5 implement because manipulation means is required for

displacing the object and the inspection device relative to each other. For
purposes of brevity and clarity, the description of the invention is limited 5
hereinafter to applications related to ingpecting the internal surfaces of a

hole in an object without requiring the object to be rotationally displaced.

This however does not preclude embodiments of the invention from other
iarplesnentpptivfomaninutatititateeanadpaetptiask fae Gitelasingr tie objeet and the
iW%é‘BHBFPG’éWE&%I&%\?MS%E‘H Be,kptationally displaced. The fundamental
inventive principles and concepts upon which 10 embodiments of the

invention are based shall remain common throughout the various
embodiments. An exemplary embodiment of the invention is described in
kb REFRASESI| Plerditidierand aglebiaribe tesrisikao S ghevie@nH gl dimited

RereiriftBe [rappnasivieraindiceo Jrﬁsﬁé%m?d‘?ﬁ@'iﬁt@ﬁél“g@ﬁa‘é@g‘dilkﬁ_bhole in an

reference numerals. A method and apparatus for inspection is described

PRIPSIAIRP b FEAYHBE Sy APIECTSPFOTRE RBRIRMSErrdg . ThEhBRVexEIsihes not
SHAILRAEPhISHBIRIEIRS dOHH MFRRIGH & Shi R AP Shp RCARSA AL PeRNNitates

exemplary embodiment of the invention. The method 10 involves a step

ISPSF AR G B REIRNRtRY HRISEtOWEIR FRAWBIRY T FRIRCThis hvgotationally

@spiaredies anpeartintRimehel facRHiRke daREDRSWRREN BAGYAs upon which
extremities. 25 The method 10 also comprises a step 14 of directing |ﬂht .
RYOCHBE RIS PE ABRrdnKeNfiBmain d3sre PRl L ipraRl SPIRBARHIBTR GheHSthe various
anpbeampbntd he method 10 also comprises a step 15 of imaging of the

internal surface of the hole into a flat ring image. The flat ring image

shows full details of the internal surface of the hole. The method 10 also

AATBREIRBRIA RBCIeE AT N A 68 Y BEIBEDE e HajreRe A fEPEnafter in

optical to 30 djgital form. The method 10 further comprises a step 18 of . .
W@%@ﬁ?gtan'(ﬁ‘i’ﬁgﬁ%ﬂﬁd”ov'ded in Figs. 1 to 5 of the drawings, wherein like

elements are identified with like reference numerals.

A method and apparatus for inspection is described hereinafter for addressing the

foregoing problems.

Fig. 1 shows a flow diagram of a method 10 for inspecting a hole of an object,
according to an exemplary embodiment of the invention. The method 10 involves a
step 12 of directing an illuminating light towards the hole. The hole has two

extremities and an internal surface that extends between the two extremities.

The method 10 also comprises a step 14 of directing light reflected and scattered from
the internal surface of the hole to a lens assembly. The method 10 also comprises a
step 15 of imaging of the internal surface of the hole into a flat ring image. The flat
ring image shows full details of the internal surface of the hole. The method 10 also
comprises a step 16 of capturing and converting the flat ring image from optical to
digital form. The method 10 further comprises a step 18 of processing and inspecting

the flat ring image to thereby inspect the internal surface of the hole.
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the flat ring image to thereby inspect the internal surface of the hole. 6 In
accordance with an exemplary embodiment of the invention, an apparatus
100 for inspection is described with reference to Fig. 2. The apparatus
100 comprises one or more illuminating source 102 for directing an
illuminating light beam 103 towards a lgole 104, which is cylindrical. The
hole 104 is formed in an object 106, such as a 5 through hole in a

manufactured product. In this embodiment of the invention, illuminating
Koaceesiame aydhugeexeramesy IRjRedinadsah& BdrvaminT e hprarpbs 100 for

ascR S S HES AN LA SRFANS GGy %%ﬁa‘_’?‘&d@t%@a&oﬁﬂgﬁﬁ% one or

112 that extends between the first and second extremities 108, 110. The
MRS cKYEHTIRIND0SQ0Bes 1A Jer @nertivgparHIus o0 B AOHESBOHYS towards a

(O SRy AR T NARACAY. ISEiENREIR HBRYYRdIRIELTPRIBE QG 08Much as a

illuminating sources 102 are operated accordingly to provide lighting to

BiplghthectRrdtigh RABUbRGHEEH!IRIodERS. THE iffumisrbagiswnicefi e invention,
DAY NG &R Puser Al mPRARRe Mg HIARIW IR huTinaung the hole

104. Examples of the illuminating source 102 are fluorescence light tubes
and white, coloured, monochrome light emitting diodes (LEDs) or natural

TaELERM thg 848 fidheddelgidPfos 3 LaRmatelenibe lbaHaacR S nal surface

referably directed as back lighting at the second extremi%llo. On the _
Rdhaiaréendshennen fishapthetrd srecifismtdibrd 19 prefertt extremity

fﬂ@ﬁ@ﬁ)@r%ﬁ@%ﬁ&ﬁ%@%é%rﬁ%? SR AHPHRENR OO BISPHORBRI 16658 either

lens assembly 116. The iIIuminatirbg light beam is reflected and scattered

HBHOweE ke RaRshiiRtacle2 bieHEupleaiing spyrrgsdmedparerbageordingly
@518 ek 'ﬁﬂ%ﬁﬁﬁeﬂﬁ%ﬁ%ﬁ%ﬁ draferaily Reritioned immediately

over the first extremity 108 of the hole 104. 25 Fig. 3 is a detailed diagram
of the lens assembly 116 of Fig. 2. Fig. 3 also shows paths of light rays

e NahRseHresigeehedensasrRRIN i 6 cMQir-8reEiiraHyc ARseNRight for
illuminating the hole 104. Examples of the illuminating source 102 are fluorescence
light tubes and white, coloured, monochrome light emitting diodes (LEDs) or natural
light from the sun. If the hole 104 is a through hole, the illumination is preferably
directed as back lighting at the second extremity 110. On the other hand, if the hole
104 is a blind hole, the illumination is preferably directed at the first extremity 108.

The apparatus 100 also comprises a lens assembly 116. The illuminating light beam is
reflected and scattered from the internal surface 112 of the hole 104 of Fig. 2 towards
the lens assembly 116 The lens assembly 116 is preferably positioned immediately

over the first extremity 108 of the hole 104.

Fig. 3 is a detailed diagram of the lens assembly 116 of Fig. 2. Fig. 3 also shows paths
of light rays 117 that pass through the lens assembly 116. More specifically, the lens
assembly 116 of Fig. 3 comprises a plurality of lenses, namely a first lens 118, a second
lens 120, a third lens 122, a fourth lens 124 and a fifth lens 126. Alternatively, the

plurality of lenses is replaceable by prisms for achieving similar optical effects.
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assembly 116 of Fig. 3 comprises a plurality of lenses, namely a first lens
118, a second lens 120, a third lens 122, a fourth lens 124 and a fifth lens
126. Alternatively, the 30 plurality of lenses is replaceable by prisms for
achieving similar optical effects. 7 Each of the first to fifth lenses 118,
120, 122, 124, 126 preferably is positioped along a central axis 128 of the
lens assembly 116. The central axis 128 preferably coincides with the
longitudinal axis of the hole 104 of Fig. 2. 5 An exemplary example of the

eI Brethissidasitslanisy 18 @ds8ided, Harbinakdrefaieblyje gasitioned along a
&Jmﬁn%&i@%@é eRcheidhe shiBififtLienses jcéﬁtrﬂ-lzg(@?l%%%f&gﬁ@%mnC|des

well as the configuration of the lens assembly 116 are provided in Table 1

Wibthe dangiceiral dikis Thibrhess I0hatidtir Eens Type Note (mm) (mm)

(mm) 1 6.05.1 5.4 N-LAF21 Firstlens 2-6.00.4 5.4 - Space 35.24.0

5.4 N-LAF21 Second lens 4 -20.0 0.2 5.4 - Space 55.7 5.2 5.4 F-SILICA
Ahicdeendary example gf4hegiesian of 188 lens assemilyéxdeseikas leeisimafter. The
shedificddmbrsiiRCS ARt -FOR stAPRRHRNIQ 1&85 ]1.-25 El?ZNI@L: ]1]26': el as
Iens 11 3.8 4.0 6.0 N-LAK34 Fifth lens 12 -10.58 - Space
tJﬂABLrE'QUW@IbWstE\%é%’mBW@MMS%@#H@]QF%!@‘%M ﬁé}?&ﬂiﬁ@'ﬁ@les with

a large dimensional range, such as holes with diameters ranging from 8

mm to 16 mm with depths ranging
Surface Radius Thickness Diameter | Lens Type Note
(mm) (mm) (mm)
1 6.0 5.1 54 N-LAF21 First lens
2 -6.0 0.4 5.4 - Space
3 5.2 4.0 5.4 N-LAF21 | Second lens
4 -20.0 0.2 5.4 - Space
5 5.7 5.2 5.4 F-SILICA Third lens
6 -4.1 0.9 5.4 - Space
7 -88.8 5.0 5.4 N-psk3 Fourth lens
8 -6.1 0.2 5.4 - Space
9 inf 4.0 0.6 - Aperture
10 14.5 1.5 6.0 N-SF11 Fifth lens
11 3.8 4.0 6.0 N-LAK34 Fifth lens
12 -10.5 8.8 6.0 - Space
TABLE 1

The lens assembly 116 is configurable for inspecting holes with a large dimensional
range, such as holes with diameters ranging from 8 mm to 16 mm with depths ranging
from 8 mm to 16 mm. In this exemplary of embodiment of the invention, the effective
focal length of the lens assembly 116 is approximately 5.7 mm. The lens assembly 116

is capable of providing high quality image of the internal surface 112 of the hole 104.

The lens assembly 116 has a cylindrical field of view as well as a cylindrical depth of
view that extends at least between the two extremities 108, 110 of the hole 104. The
lens assembly 116 images the internal surface 112 of the cylindrical hole 104 into a flat

ring image 134.
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from 8 mm to 16 mm. In this exemplary of embodiment of the invention,
the effective 15 focal length of the lens assembly 116 is approximately 5.7
mm. The lens assembly 116 is capable of providing high quality image of
the internal surface 112 of the hole 104. The lens assembly 116 has a
cylindrical field of view as well as a cyligdrical depth of view that extends
at least between the two extremities 108, 110 of the hole 104. The 20 lens
assembly 116 images the internal surface 112 of the cylindrical hole 104

WMtth areterenee mwla@ﬂ:;?zt.a@qmththé_f@mac@tlt@ IIQQs.fErH@ ZOtARrises an image-
CPRAAY 8etAS HEH e AR S S AR & i&ﬁﬁ%ﬁﬁﬂ@ﬂ&tcﬁﬁﬂn@m% The

a camera, for capturing the flat ring image 1 e Image-capturing
iRAgeEABON I8P SR &R olig RAE LEEIRHaptRae 108 eettialichds akZ@mblyhe lens

aSYEmby ' TRISFENFARENIREP t@ﬁ&ﬁﬂ?‘éﬂ?ﬁ%aﬁ’u‘f&[j@—‘&%ﬁéﬁﬁ%]ﬁ&iée5130 is

positioned on an image plane 132 of the lens assembly 116. The ring
Mefddened oamiEnagecpieslifaebtha teas asceAmIly 184 bEheeite teagrd 34 of the

IR E(5$:4081 3 1R IR ABREh2 iR dMaReRIRBRLA4 i RAEIGY®Es Rfmed on

internal surface 112 of the hole 104 between the two extremities 108, 110

tRedipaartrg idiobuBaiiwpih ARl s érRea 332001 the Npttdidrahwcen the
thirekteifeanpRratus A0 IRtRAG I MV eRNSIRG 1% 315PARYIRTabR0134 on the

shown) for image processing and for displaying the ring image 134 of the
imassBladgriaZe 112. For example, Fig. 4 shows a resultant image that is
displayed on a displaying means (not shown) of the computer, such as a
monitor, which shows a through-hole captured by 15 the apparatus 100.

MsrarpsseifiealQo e PEFarailY it Tebides & FORREA ity insapW Ny e image
préeEashaUREfol spidim g ol %9@%&&9 fRfeHSROMRI RS 112 For

thereon. In a further example, Fig. 5 shows another resultant image of a
KPOURR-Fifle WvRPPUE SvieHH M ERAGC Hidp RiyBIRYSH the diidisRipAgY means (not
JRERAF oVHe RRRStHERINI PO FhaRRGC RN R AR STE QAR GReNBIO Wptured by

clearly to have defective portions 400. The ap{)aratus 100 is o
the apparatus 100. More specifically, the resultant image depicts a focused ring image

of the internal surface 112 of the hole 104 having defects 300 or scratches thereon.

In a further example, Fig. 5 shows another resultant image of a through-hole with screw
nut threads as displayed on the displaying means. More specifically, some of the screw
nut threads are shown clearly to have defective portions 400. The apparatus 100 is
advantageously capable of identifying such defective portions 400 accurately and

within a short period of time.

Inspection of the internal surface 112 of the hole 104 is preferably conducted by an
image processing unit (not shown) using a software application. The image processing
unit detects features such as screw nut threads on the surface of the hole and identifies
and detects defects of the features. An indication is preferably shown on the displaying
means for indicating the presence of the defects detected on the internal surface of the
hole 104.

Additionally, the apparatus 100 is capable of determining the pitch p; of internal threads
formed on the internal surface 112 of the hole 104 through image processing of the flat
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advantageously capable of identifying such defective portions 400
accurately and within a short period of time. Inspection of the internal
surface 112 of the hole 104 is preferably conducted by an 25 image
processing unit (not shown) using a software application. The image
processing unit detects features such gs screw nut threads on the surface
of the hole and identifies and detects defects of the features. An
indication is preferably shown on the displaying means for indicating the

wredetrge dBihef dfddebts IncRasied dn theepittarpiafsiitRioal drgasistnie thedadius R
FeAdriinaptyaths-Arparatus H0ikGARARIR QARG IANG) UieeRIiGh BreTblated
internal threads formed on the internal surface 112 of the hole 104
ahfellgwsimage processing of the flat 9 ring image 134 of Fig. 5. In

particular, the pitch p; of internal threads and the radius R; of each spiral

that corresponds t, th%inle&nal threads af any radial direction are related

as follows: 5 o = R1+1¢ RQ'£R| A_ktb(.gﬂ_ﬁf_l_)_k- ' +b(RO -R1) where Ro ,

b and k are constarits; P{&thefhumbekof Rif¥at-thrkads formed on the

internal surface 112 of the hole 104. R; and R;+z are radii of the spiral
wWheadR,onbtladflat rivg roagients34 ialongetharrddiabtlispirtibthré@d$ ifermed on the

apparatus 100 is further capable of ins ing defects op bond.

RERGH e T e R o B 8k S R S s on e
Hatmicg nagear Hielmnhrineghtiahtirtetidield of view of the apparatus 100

for inspecting the foregoing defects, similar to the method 10 for hole
inspection. 15 In the foregoing manner, an apparatus and a method for

Tiedeappspeai A0 @ie fuetheriloepbble of inspecting defects on bond pads, bonding wires

or interface therebetween of a semiconductor die. The semiconductor die is brought
into the field of view of the apparatus 100 for inspecting the foregoing defects, similar

to the method 10 for hole inspection.

In the foregoing manner, an apparatus and a method for hole inspection are described
according to an exemplary embodiment of the invention for addressing the foregoing
disadvantages of conventional method of performing inspection. Although only a few
embodiments of the invention is disclosed, it will be apparent to one skilled in the art in
view of this disclosure that numerous changes and/or modification can be made to cater
to a wider range of hole sizes and heights without departing from the scope and spirit of

the invention.
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according to an exemplary embodiment of the invention for addressing the
foregoing disadvantages of conventional method of performing
inspection. Although only a few embodiments of the invention is
disclosed, it will be apparent to one skilled in the art in 20 view of this
disclosure that numerous changes angjor modification can be made to
cater to a wider range of hole sizes and heights without departing from
the scope and spirit of the invention. 10 Claims 1. An inspection method

Cledmprising: directing an illuminating light towards a hole having two
1. eXtremilti%p%@ﬁoﬁ'ﬂwEﬂﬁf@@bﬁWﬁi@ﬁ% extending between the two

extremities, 5 receiving light reflected and scattered from the internal
surface bylH9eHRy a8JEHBIPaTHAYER thwantemarkurRiBINAE KEEHES and

flat iInagee AAERPUIPR RS HALIRASR /AN iRk FaHRRG Of the hole on an

image plane, the internal surface being substantially in-focus along the
flat imageet® \dna lighsretetrsgngresedisssafiepénfointibrd sorfiaeedhya lens
inspegkishi Eernal surface of the hole. 2. The inspection method as in
claim 1, wherein directing an illuminating light 15 beam towards a hole

having twdéresgieeritR intanaehaliresa Kriate islaadah §npediveen the two
extremitie3 LOMPISER q'ﬁ?gﬁﬁ%érﬁ WHaminatinp Jighickowesids neRedRf dh8mage

two extremities. 3. The inspection method as in claim 1, further comprising
proviBlAgeatiHaeelituriaathifiney pReiaFadHB-FRaes alongethssPatiivade;
methgelas in claim 1, wherein directing an illuminating light beam

comprises directing one of white, coloured and monochrome light.
wherein image processing is performable to thereby inspect the internal

surface of the hole.

The inspection method as in claim 1, wherein directing an illuminating light
beam towards a hole having two extremities and an internal surface extending
between the two extremities comprises directing the illuminating light towards

one of the two extremities.

The inspection method as in claim 1, further comprising providing another
illuminating light towards the hole.

The inspection method as in claim 1, wherein directing an illuminating light

beam comprises directing one of white, coloured and monochrome light.

The inspection method as in claim 4, wherein receiving light beam reflected
from the internal surface by a lens assembly comprises receiving the light
beam through a plurality of lenses for imaging the internal surface of the hole

into a flat ring image.

The inspection method as in claim 5, wherein receiving the light beam through

a plurality of lenses comprises disposing the plurality of lenses along an axis
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25 5. The inspection method as in claim 4, wherein receiving light beam
reflected from the internal surface by a lens assembly comprises
receiving the light beam through a plurality of lenses for imaging the
internal surface of the hole into a flat ring image. 30 6. The inspection
method as in claim 5, wherein receiving the light beam through a plurality
of lenses comprises disposing the plurality of lenses along an axis 11
substantially coincides with the longitudinal axis of the hole. 7. The
inspesstistRntiethod eeingigRsim Witivhetieén perauflitpinspeistionlof the  hole.
image to thereby inspect the internal surface of the hole comprises
displaying 5 the flat image on a displaying means. 8. The inspection

7. methbbeaksRegtan mefhiafascingirising proeraingraromtiraibspesiigieof the
displaying W@%Bﬁ?d%&?ﬂmﬁ%ﬁ%&%@f@@é‘%ﬁ%%@%@@?ié@? displaying
internal Surface of the hole. 10 9. The inspection method as in claim 1,
wher#f etrferRameninsieiayineMpensmage to thereby inspect the internal
surface of the hole comprises determining the depth of the hole. 15 10.

The inspection method as in claim 1, wherein performing inspection of the
8.imagé® tHERsBYaRsprEhale #itdMalldiifate BItheY HeEBERRGIsR®VIding an

determiagdhemiteh Sifsmcﬁzx?{ﬁﬂé' HESRISHOTMAERABHEI SRS TPl SHER R ted

the hole. 20 11. An inspection apparatus comprising: an illuminator for
direcBAdMsANIRIAThatFRF Hghthealis a hole having two extremities and
an internal surface extending between the two extremities; a lens
assembly for receiving light reflected and scattered from the internal

9. surfatBeaHtERBF LR IRE BdeahiBrSai BLAa v 1BieiRcPR IR ThtiKal ARRection of the
image to thereby inspect the internal surface of the hole comprises

determining the depth of the hole.

10. The inspection method as in claim 1, wherein performing inspection of the
image to thereby inspect the internal surface of the hole comprises
determining the pitch of internal threads formed on the internal surface of the

hole.

11.  Aninspection apparatus comprising:

an illuminator for directing an illuminating light towards a hole having
two extremities and an internal surface extending between the two extremities;

a lens assembly for receiving light reflected and scattered from the
internal surface and for imaging the internal surface of the hole into a flat
image, the lens assembly having a depth of field extending at least between the
two extremities of the hole;

an image capturing device for capturing the flat image of the internal
surface on an image plane, the internal surface being substantially in-focus
along the flat image; and

a processor for performing image processing to thereby inspect the

internal surface of the hole.
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25 image, the lens assembly having a depth of field extending at least
between the two extremities of the hole; an image capturing device for
capturing the flat image of the internal surface on an image plane, the
internal surface being substantially in-focus along the flat image; and 30 a
processor for performing image procegsing to thereby inspect the internal
surface of the hole. 12 12. The inspection apparatus as in claim 11,
wherein the illuminator directs the illuminating light towards one of the two
1Zextrefifidspeai®MaRRABUTIRE insplettiohlapiwratnshes ithuananaforidirects the

whergin g ﬁﬁ%’é‘ﬂgﬂk‘ EBDARY SHEEGHEhe i MATRIRARICOgRY FRywards the

other of the oné of the two extremities of the hole. 14. The inspection
apparatus as in claim 11, further comprising another illuminator for

13"Um“ﬁﬁé‘%BQH‘&H"X&B@FEEQ@ai%qw&a(?njrﬁlmﬁﬁéﬁﬂ%cgé}fbﬁ‘@mﬁmﬁﬁ? Hirects

claim 11, wherein the illuminating light is one of white, coloured and
mon@@HﬂB’rﬁEf‘@@ﬁ@r’é@@B tawﬁﬁ@l,sﬂ] Heioef e weeqhgﬁewwﬁ@@@aﬁmgf the
as inyd@m 11, wherein the illuminating light is 15 natural light from the

sun. 17. The inspection apparatus as in claim 11, wherein the lens
assembly comprises a plurality of lenses configured for imaging the

14nternglsuiasggbihehielrrRtoA flaf ragiimage. 20rHer Thship ﬁ@ﬁ%‘%other

apparatus as in claim 16, wherein the plurality of lenses is disposed along
an atlSNB3tan RN woRRaiRg: ik tevearss Sheiimal axis of the hole.

15. The inspection apparatus as in claim 11, wherein the illuminating light is one
of white, coloured and monochrome generated by the illuminator.

16.  The inspection apparatus as in claim 11, wherein the illuminating light is

natural light from the sun.

17.  The inspection apparatus as in claim 11, wherein the lens assembly comprises
a plurality of lenses configured for imaging the internal surface of the hole

into a flat ring image.

18.  The inspection apparatus as in claim 16, wherein the plurality of lenses is
disposed along an axis substantially coincides with the longitudinal axis of the

hole.

19.  The inspection apparatus as in claim 11, wherein the image capturing device is

coupled to a displaying means for displaying the image.

20. The inspection apparatus as in claim 19, wherein the image capturing device is
disposed adjacent to the lens assembly for capturing the flat image.

21.  The inspection apparatus as in claim 11, wherein an image processing unit

inspects the flat image corresponding to the internal surface of the hole.
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25 19. The inspection apparatus as in claim 11, wherein the image

capturing device is coupled to a displaying means for displaying the

image. 20. The inspection apparatus as in claim 19, wherein the image

capturing device is disposed adjacent to the lens assembly for capturing

the flat image. 30 21. The inspection agparatus as in claim 11, wherein an

image processing unit inspects the flat image corresponding to the

internal surface of the hole. 13 22. The inspection apparatus as in claim
2221, whrdnsrRetipnagpppiaiuessing claiimdetemieredntibedeprBeoptpeestdng, unit

23. Thadhsprstipg At &S0 claim 21, wherein the image

processing unit 5 determines the pitch of internal threads formed on the

internal surface of the hole. 24. The inspection apparatus as in claim 11,
2durthercompyising b iRAiRACls dispiavalie onheidisRiaygRaRSs G unit

indicator for indicating defects 10 detected on the internal surface of the

hole determines the pitch of internal threads formed on the internal surface of the

hole.

24.  The inspection apparatus as in claim 11, further comprising an indicator
displayable on the displaying means, the indicator for indicating defects

detected on the internal surface of the hole.





