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WD 2005/ 064321 PCT/ S&003/000294 1 Method and
Apparatus for detection of inclusions in -glass Field

wobooslessenvent i on The present invention rel at eBCT/8G2003/000294

nmet hods and apparatus for inspection of transparent
panel s, and in particular for detecting faults, such
as "inclusions", 5 in thoseqpanels. In particular,
the invention relates to nethods and apparat us which
are suitable for use at a site where the transparent
panel is |ocated as a conponent of a buil ding.
However, the methods and appar . .aIFo.have
appl i cat i ddethpd.and Appargtus;ior.gotectio n OB S
panel manufacturing process. 10 Background of

oYt thOhvEh@ggpar ent panel s such as gl ass panels,
‘E'sp‘e‘m—a%by—' panel s of toughened glass, are wdely

enpl oyed in high-rise structures, and there is a need.

Tthe presgmédoveniiom refatesetok methadseand cappratuysaforn hspegtion of

articul.ar | . s i (0] i " . "
tiisprrait Hoaely AR HERIAE for de R G Tutlsy SYPRAR finglusions”.
ih fthe4& panslberkpartitalanche daventidn oetatest teersitiedads and apparatus
Suphi de inclusions may cause th

| t oughened gl ass, to

Whigk e SUTahl oS ALA Siteyharibe SiENAPRTe T RaLisl Fsjorgted as a
] u bt Rea

YT o PSR, FRERT or i ESodea BopaRtge midhfalso have
dpeishtions dbechmlifyoicontiol dairings aaricansphegntf panek reanuifagturing
be 20 performed during the manufacturing process for
RjG&P$%y control (QC), and also in-situ once the
panels are installed in the structures for quality
BSSKdraisEof InveMEs@! techniques are known for testing
gl ass panels to observe inclusions. 25 A first of
these is visual inspection, carried out using a

ThAP8357R e e S S S3ERRE b S
gidég@éivﬂgélly}emplbyl@d i Igh-fisd atrfgetuweu ;zineﬁthgdsw icasped to
iPRPeE oA (o GESR (o aBEr S he Sfisobbparticuar, §las panels are

subject to Nickel Sulphide (NiS) inclusions and other defects (faults). If such

i -

checks are not carried out, the Nickel Suphide inclusions may cause the
toughened glass to fracture, and the glass may shatter with potentially
disastrous consequences, both for people inside the high-rise building, and on
the ground beneath. Ideally, checks for inclusions and other faults should be
performed during the manufacturing process for quality control (QC), and also

in-situ once the panels are installed in the structures for quality assurance.

Several techniques are known for testing glass panels to observe inclusions.

A first of these is visual inspection, carried out using a microscope (e.g. a
portable microscope), scanning the whole glass panel point-by-point
manually, or automatically using a CCD (charge coupled devices) camera and

image processing software based on a threshold. Unfortunately, this process
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WD 2005/ 064321 PCT/ S&003/000294 2 is very slow, due
tothe limted field of view (FOV) and depth of focus

W@ DOEpe43ef t he observation process. N S is bl apkI/g§6E93/000294

in colour and only reflects light weakly. NS
inclusions are therefore difficult to observe agai nst
the generally high intensity of background |i ght
caused by reflections and scattering of light 5 due to
surface contam nation and scratches. Furthernore, many
gl ass panels are printed wwth black dots to reduce

A S1ows due g the el of BadFOYT end d8riy Sfigas toor)
dfgﬁé%éé’@?ubﬁ‘ lpﬁ ssS N?é’p t%ggfp?é&ﬁ In%l’&ﬁ‘%r@’oﬁl? PefititS light

ere are c techniques in
wéaldn M&nchsmsca‘retﬂhmemrashﬁlcalt tpbbserye aghst the generally

I |.ed h
abitere ertiora el Tof sausr by TelediErs A0 el Bung ¢ o
diRPteurideR édm&rﬁldafﬁoh%l?ﬁﬁscﬁatchb& er:mﬁérmagmﬁg gRidsQFanels

and |nspect| on are per ornmed sonewhere el se

mqmntedamtmtdmlsd@ts ¢o meducatheabtessity pf synlight tranéwttewb

AR e SRRFB Y REG0: aent§ By o n e

SlRnerigidrissedudelddiyt thesdatsr ected at the front surface
of a glass panel, and nmeasurenent are nade of |ight

scattered back t ovar ds the front surface by the
SHEHAY e SR GEPhGPEEH e 7 oni e s
pﬁotb@@_p}hadelh cohtmhcﬂﬁaghtm@ daraiitionsf _and&m'm@e is magnified and
SR REIDRE 1 Helict SiFUSPne aeuab e TaRes fetakeR on sie
ﬂh@ﬁﬁ&?hlﬁé‘at e%cﬂ eéﬂ% ¥%ed ?erfoﬂﬁ%’&?é!@rhewhéré 8ls&. Thus, such

gue on e area of the panel illum nated by
telsbniqasemare behamltainlerﬁasnﬁdd testing aned ater BCORYRIICRIfeVEmeas a

%{ﬁﬁ%@é th aser is not 25 utilized, and either

R t Tt es the gl ass panel, or is reflected
the gl ass surfaces. Furthernore, contam nation on

elther surface of the glass can cause |i

Fhigdly ethiefﬁz;]arG/\lQCBHIQ|Uﬁ§u%é§"¢|’bP%}EerPﬂt laper lfeéggﬁtjfi'@ﬂ%tﬁ@ atthe
f?gﬁjt surface of a glass panel, and measurement are made of light scattered
back towards the front surface by the inclusions, and also of light scattered
forward by the inclusions and then reflected by the rear surface of the panel
towards the front of the panel. Comparing these two signals makes it possible
to determine the location, size and depth of the inclusion by signal analysis.
However, in this technique only the area of the panel illuminated by the laser
beam is measured. Furthermore, most of the energy of the laser is not
utilized, and either completely penetrates the glass panel, or is reflected by
the glass surfaces. Furthermore, contamination on either surface of the glass
can cause light scattering, which induces noise in the measurement, and

hence in the inclusion image obtained.
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hence in the inclusion image obtained. WO 2005/ 064321
PCT/ S&003/ 000294 3 Fourthly, there is known a

wo e@lsgae enpl oyi ng Raman spectroscopy, in  wWhECTRGZ003/000294

| aser is used as a light source and a
nitrogen-controll ed charge coupled device is used as

the detector to obtain a Rangn spectrum By conparing

t he Ranman spectrum of a neasured gl ass panel with

those of 5 specific substances, the presence of

i nclusions such as Ni'S can be identified. However,
resent technol ogy only allows this techn&g¥5 to be

ly,rthere Ism@wa%r%ﬁm&a@aplqw amapsRecirosegRy. in
WinBh a%srl-?lf rs'u@%b%{?ﬂr@ﬁt %r%é’ﬁﬂbl G aRs er’l: %n“&l"édscharge

reason to neasu
couppeb déviom isofisqul ay tmuidétectadits obtadn ed?ameh $speotrsm. By

Ceiwiing ey B ARpRB & EaBuIarL oAy BACe WS Rl

sgfectfﬁ%dH&Yeﬁ{HeboﬂweT&%sBﬁé‘é SﬂﬁchL&mtéLQ:h & RIS £an beayeérified.
new and useful technique for 15 detecting inclusions

Hdovteveh present kachniotpgyr eniy phews thip deciniquaithbeisisgd dv 8

BRI el 4 8 e BYB nfiedyBh 28effs. o
thid ledisB, it BUsdttersuitellitd ddssiing Whé dompositioaraf riréﬁously
transparent panel 20 is enployed as a structural

dipeonaied ingdypors, rathes tham@ﬁﬁndﬁltraglnﬁgecuqmpft%glaﬁg Rane
§FRRSGhy oPR HATABREIRIGRNS exiSt, such as part of

pane process. In generaI ternms, the
i nvention proposes that a light-transm ssive interface

25 including a cupling material (which may be either
§h£ﬂﬁ§¥§igbiﬂﬂﬁﬂ@égisolid (such as gel or jelly),
liquid, or even gas) is placed in contact with the
transparent panel, and that a beam of

Tlnapsenetnlt avention lazghs i providesa freweand nser? te@h:nwn@l for| n
q&%’tep g |r]c}LgEA1nes & dther?aulp frnttroatnaslparen % ?\%ls éLF fscﬁfagg

panels.

In particular the invention aims to provide a technique which is suitable for use
in situ in a building, sueh as a high rise building, where the transparent panel
is employed as a structural element. However, the invention is not limited in
this respect, and other applications exist, such as part of a panel fabrication

process.

In general terms, the invention proposes that a light-transmissive interface
including a coupling material (which may be either entirely solid, semisolid
(such as gel or jelly), liquid, or even gas) is placed in contact with the
transparent panel, and that a beam of light is transmitted through the interface
into the panel. In the panel, the condition of total internal reflection is fulfilled
with the selected coupling material and designed geometric shape and

incident angle. The light beam is total internal reflected at the surfaces of the
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with the selected coupling material and desi gned
geonetric shape and 30 incident angle. The |ight beam

WO 2006064321 i nternal reflected at the surfaces oPCT/RG6200£000294

2005/ 064321 PCT/ S&G2003/ 000294 4 panel and propagates
within the panel. When the |ight beamintercepts

i ncl usi ons or other defects At | east sonme of it is
scattered, and | eaves the panel. This scattered |ight
i s then observed. 5 Because of total interna
reflection, Iight beamcan travel a |ong distance
within the panel. The nmethod thus nmakes it paossible to

renghand piopagaies within theseayel dMbgndhe light begralintgrcepts
b08lohe s B R A b e TR SRR B s

pHnedt Tisis statiéred IigﬁtMgnmgr\led be observed or

detected, because the scattered |ight makes the
defaults and inclusions stand out |ike stars.

§8&|n% %}ﬁotﬂ%té‘ﬁ%ﬂ fleSAbA qg;r&‘ioeéﬁ émasvasa IO C‘cﬁﬁﬁﬁéd

ot ographic tec no corrp
witlsin rtherpahal‘. iToe memodethus makesst pwssﬁtdmi«n esxgmtme agelepyely

Intiecareayal the panst i Saalk troedhoRrds: BIndciuas Afstibed
dwescope of the invention. These features nmean that

the present invention is particularly suitable for use
in situ exam ning a panel which is fixed in position

h \
the SR e s R A Inei el B Bliet S s sl easy to be
shdeived e derdidd) bathase tHe sduttarad lighkt makes the defanks byd
obt ai ned, rat her than their_ cheni cal struct

inglusiensriiard ophikesstars dihereformdq magpifigation of i jnage is
620 515 PSSR ot B Bsectrtaton
isasteided bbamRainmgy gpadimsaopy Indeed, the indlusions atleadften be
Vb Idheriaied aveo Ahalgt BimeRs ey e Rgsstifin the scope
&f RBRAEtIoR de of

These features mean that the present invention is particularly suitable for use
in situ examining a panel which is fixed in position within a building or other
construction. In contrast to the Raman techniques discussed above, the
existence and location of the inclusions is typically obtained, rather than their

chemical structure.

Furthermore, in contrast to the laser scattering technique described above, a
much larger area of the panel (“field of view") can be simultaneously tested
than simply the area which is illuminated directly by the beam. Also, because
of the total internal refraction, all of the light energy will be trapped inside of
the panel. Only when the light strikes on an inclusion, the scattered light
exits the path and thereby exits the panel. That is, the input light is used
highly efficiently. The high efficiency of using the input light energy is
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the panel. Only when the light strikes on an
inclusion, the scattered light exits the path and

wWo bh@sebp2exi ts the panel . That is, the input |PQEG2®3/000294

used 30 highly efficiently. The high efficiency of
using the input light energy is WO 2005/ 064321

PCT/ SG2003/ 000294 5 advant ageous for the two reasons.
Firstly, nost of the transparent panels, such as the
t oughed gl ass panels have a high absorption
coefficient. Wthout the efficient use of the |ight
energy, even with a high power |ight source,

advangagsiousi fetthel two reaspns Jeirsilyy fnoskaf the tvm&natrgtgtsqmeis,
4P Pl RS RS R aRSAIEH Lostbleg rou

kel effitientdefecottthedight Onéglyt epen with d high powerdighysourse, the
t he dark background of t Ee .ot her area of tre glanel .
f)@fi Rbvew Wil baely smalh sl IRsUia i pYer glody S_Bec’“on

e " H H .
BG4 SRl Lot 8 il s A acpor AT gds hon
alhtheatafecs aretohnighis poiFtanikeestarssagainkiitie atatlo backgrouondofighe

gresent |f%enti ) may still work very well under
thegcared oidfdPaNstes. Most preferably, the panel is a

gl ass panel, but the invention can also usefully 15
be used for panels of other transparent material, such
As reted aheyarmany tpsispatant peietsinciudsap4tiinged gattern, such as

roviding taotal.in f t] t A Qf
BB 840 80’ i b SR bt b Shag B ety o own
mipEetiont Arethavke ntowsvérs spaisthedlaacbiding ¢b dhe fovesent invention
detecting 20 inclusions or other internal faults in

Mgy shlmark vengwell ugarsthegecingymstancesnd ot her foreign
substance), it may al so be used for detecting surface

faults such as scratches or dents. Specifically, one
Most peserablyo the panelis englass paseh buk theoitveptiord eaie alsongsefully
aul ts 25 such as jinclusions, wthin a transparent

& e fors Ranesl GF Bl FAMBRAER BRE ok, e 8, Fangparent

PEyRRY GAMRN isSédlkble to providing total internal reflection to a beam of

light propagating within it.

Also, although as noted above, the invention is particularly useful for detecting
inclusions or other internal faults in the panel (e.g. cracks, air bubbles and
other foreign substance), it may also be used for detecting surface faults such

as scratches or dents.

Specifically, one expression of the invention is a method for detecting faults,
such as inclusions, within a transparent panel which is located in an ambient
atmosphere, the method comprising:

directing light from a light source into an interface in contact with the
glass panel, the interface including one or more interface elements having a
refractive index higher than the ambient atmosphere, at least some of the light

passing through the interface into the glass panel and propagating within the
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directing light froma light source into an interface
in contact with the glass panel, the interface

WO p@b06i3ay one or nore interface el ements havi PQI/8G2003/000294

refractive index higher than the anbi ent atnosphere,

at |least sone of the light 30 passing through the
interface into the glass pangl and propagating wthin

t he WD 2005/ 064321 PCT/ SG2003/ 000294 6 gl ass panel

along a path where total internal reflection (TIR) is
realized at the surface of the gI ass panel ; and
observing at | east sone of any ght scattere

glaes panehaong@ p@ttauwhef@ totad lrﬂgml ref?@ﬂﬁnam%)r ﬁarﬁa{}%ed at the

SSi tion is an apparatus for

ngﬁ)aec%t tﬁggg{ﬂ %elsralu as incl usi oﬁg, within a
tranScﬂﬁeemhgp@tnEasV\&loo’ie iof dngcaf lghi scatteradbbyerthe faults and
at nosphere, the apparatus conprising: a |ight source;
eitinghtheR@iglace i ncl udi ng one or nore interface

el ements having a refractive index higher than the

anbi ent at nosphere and transparent to |ight generated
Ay altbendtivgexpsessiare pf thedinvegtian scan eppa[amlp@fqr dateciing faults,
for |oca the l.ighf source in Qs na
st giutgne. avie Y feERaes adhel Eh SR8t in an ambient
étmc%rpﬁ"@ﬁae théaﬁBBFa’%Gé cBmpriBRg: 15 panel, |ight generated

by the |i'ght source|stransmttedthroughthe

mterﬁﬁ@let squwree;t he panel and propagates within the

Fen 1 98Pkttt MelodBB, Sgp bhemgtd et Bicel FleriEhtshaving
fepsetivelindex Bighéhehdr the embit Rtebephee drdtransparnt to light

the invention will now be described, for the sake of
genaratadly e lightwouige; @Nfef er ence to the fol | owi ng

figur | |
Lnder faNt néé)uﬁ% gg%%c?t ?}ne%%n%@?ﬁcétﬂﬁvt@%tlf&?ﬁ RHbBirce in a positional
relationship to the interface such that when the interface is contacting the
panel, light generated by the light source is transmitted through the interface
into the panel and propagates within the panel along a path where total

internal reflection is realized at the surface of the panel.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:

Fig. 1 shows the principle underlying an embodiment of the invention;

Fig. 2 shows schematically a second view of the embodiment of Fig. 1
in which the light source is a fibre bundle;

Fig. 3 shows a second embodiment of the invention;

Fig. 4, which is composed of Figs. 4(a) to 4(c), shows schematically
the interaction of an NiS inclusion or other fault with light in the embodiment of

Fig. 2, and experimental resuits obtained by such a technique;
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wo plmsmedsondl e;

Fig. 2 shows schematically a second view of the
enbodi nent of Fig. 1 in which the light source is a
25 Fig. 3 shows a second enbodi PENSGHIN3/000294
the invention; Fig. 4, which is conposed of Figs. 4(a)
to 4(c), shows schematically the interaction of an
Ni S inclusion or other fault-with light in the

enbodi ment of Fig. 2, and experinental results
obt ai ned by such a techni que; WD 2005/ 064321

PCT/ S&G2003/ 000294 7 Fig. 5, which is conposed of
Figs. _5(a) to 5(c), explains principles underl
embodFigeht whish is sempesedof bigs. (@), tod>(sh explaing ﬁrm@ples

F|g 7 shows a fourth
‘Z’E‘Eeg&’n‘?é %bg)fj r%%ritslo%%{n\/gﬂho . 8 shows a

t echnFigue showsls thigl érhbodﬂntmﬂiloﬁﬁm invenfiory. 7; Fig. 9,
whi ch_j s_conpose show a

of Fi 8 ) % (lfé ]
f ur t hielf- 7 SNV ﬁ%’m Shthelnve fieMt hr ee
vari aiﬂ.ggs 8051‘(])1()\/\;5 a Féhonlq]cfé foMIsinl thé eﬁm}m@ﬂt of Fig. 98

10(a) ws schematically hree forms of
t he i Rige8t wbich is@oRippsed bf Figs. &a) to QIOnpbew(a trther gs.

SHbRHrRSS ortag TNEBACR A e ShriafSii trmod ment o

Ref er pigngof ivhidh i¥ cbﬁ1p'as§d of Figd1a opaeoad 0(c)s ishueisWehemfatically
an enbodi nent of th 15 invention is illustrated. A

theeerfams @fgthﬁ IQVQ!WDN ed by a light source (not shown)

j ' re f

i 2 GBI e P 1968 SELTI iR B
embetluﬁemcbfbﬁemveﬁﬂbngat ed. The interface el enent 3
has _a general ly prism 20 shaped cross-secti on when
Detailed Desariphiolof he emhodimentehe page (i.e. it

i ncl udes a flat surface 2 which is inclined with
respect to the surfaces 4, 6 of

Referring firstly to Fig. 1, the overall structure of an embodiment of the

invention is illustrated.

A beam of light 1 emitted by a light source (not shown) is directed into an
interface consisting of an interface element 3 which is in contact with a glass
panel 5 to be investigated. The interface element 3 has a generally prism-
shaped cross-section when viewed in the direction into the page (i.e. it
includes a flat surface 2 which is inclined with respect to the surfaces 4, 6 of
the glass panel 5 when the interface 3 rests on the panel 5). The beam 1
passes through the interface element 3, and due to the relative refractive
indices of the interface element 3 and glass panel 5 (discussed below) a
portion 7 of the beam enters the panel 5 and a portion 9 of the beam is
reflected back.

The beam 7 travels in a zig-zag path through the glass panel 5. It meets the
surfaces 4, 6 of the glass panel 5 at locations where the interface element 3
is not present, and at an angle to the surfaces 4,6 such that it is totally
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the gl ass panel 5 when the interface 3 rests on the
panel 5). The beam 1 passes through the interface

webk@soof32B8, and due to the rel ative refracti vePCT/RG2008/800294

of the interface elenent 3 and gl ass panel 5

(di scussed below) a 25 portion 7 of the beamenters

the panel 5 and a portion 9 %f the beamis reflected

back. The beam 7 travels in a zig-zag path through the

gl ass panel 5. It neets the surfaces 4, 6 of the

gI ass panel 5 at locations where the interface el ement
30 is not dpresent and at an angle to the surfaces

mt@ngihc reflasia .Tthls mqa@’e‘éhaty— walessdizg beanpancounters a fault,

S 25740980 2t iy bi¥kabaR aibng the BahEfndl §l heBEARTs the

eng Ioﬁiﬂimpaﬁellﬁir ls/vabd(;jorb?dmghe enat{enagoﬁwmqgaﬁbé beaim f a'ntd 7is
encounters the t pang i s _abs
eeek ineuvhigh isaiser, towsﬁeWGBsm"fcm —hqu thg 'aﬁﬁus Pwrﬁe

i light is
@%h%llt% gwep %ﬂﬁg gF Iﬁgev(/ﬁ{a”gﬂb?!geﬁtmltggpobgf i nt ernal
'rrhélesmbcmtiment oheigphiseshowhreineardifigirentntiewfin Figy 21 Al lseam of light

TR bl oM U o RERR Ghu o B 11
mrédt@dl a@lati.’ﬂeﬁa&@ %lé?ﬁém 3lbchfeddbr gt §L§Ha’rﬂe & of ﬁtgﬁsfs%‘éhel

elenment 3 located on the surface 4 of gl ass panel

6. Thadiftirenes batmeaﬁeﬁmee@awwndsthat et &1& i§ mﬁt tb¢ lightgsource

7% A B e dicf BB Rued § bt hBafh 11 i RURE dvergence.

Thuss ensierndlipestiont e of tHeeglass ppaet § ahidvisdlurhineteyl Bswot
Eanel 5whichis jllumnated is not . limted

mitgAdo g siegledine, buk iatheriinglder the %t'r@mqltfree\%fspwne%haded
fﬁﬁ)@g Vet NAd&Ghtire Eﬁ%@‘é\ﬂan tﬁ@tb'e%?’rll g&%gr "%g@ﬁe BEam 1 is

eam componen beam era
préférablyesmﬂﬁ;zlenﬂy nawohthat aII thet heamemmpxmqnm eﬁihe light beam

Rencl itBE 5o panal > Ficst i Since' a6 ahanGies dufh that the

tdtéﬁhfaharr%ﬁb@ﬁdd @,rrehﬁzéoeal ized Note that in the
enbodi nent of Fig. 1 and 2, the interface el enent 3

can be

Note that in the embodiment of Fig. 1 and 2, the interface element 3 can be
provided as a body of flexible (i.e. elastic) material, so that it is able to
conform to any roughness of the glass panel 5, thereby provided an increased
contact area (i.e. a reduced number of air gaps between the interface element
3 and the glass panel 5). Silicon rubber is a suitable material for the interface

element 3.

Alternatively, or additionally, the interface can include a liquid layer between
the interface element 3 and the glass panel 5. The liquid may for example be
water. This too increases the total contact area (i.e. reduces the possibility of
air gaps between the interface and the glass panel 5). Furthermore the liquid
may lubricate the contact between the interface element 3 and the glass panel

5, thereby making it easier to move the interface element 3 when it is desired
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provided as a body of flexible (i.e. elastic)
material, so that it is able to 20 conformto any

wo owgleusgs of the gl ass panel 5, thereby provi BE€OSEr003/000294

increased contact area (i.e. a reduced nunber of air
gaps between the interface elenent 3 and the gl ass
panel 5). Silicon rubber is ) suitable material for
the interface elenment 3. 25 Alternatively, or
additionally, the interface can include a liquid |ayer
between the interface elenment 3 and the gl ass pane

5. The Iig_ui d may for exanple be water. This too )
foriospectasdiffietentstrea ot thet glass aaeel §.iThis ppssibiitysisiliustrated in

. . | . f . . .' f

83880 Hhocnt R INRRER BB A" B SRRt o
sd\frce A2t is ImibideriEin théénterhes tlenterd|eiwhith doasndot have a
gl.ass panel 30 5, thereby making it easier to nove.the

prigarshapedereserectorinR iayer 1sotdiasid s Propeidtivgen 29
FHSROGHARG Sy v e pansi sy et o e
provizteahir eefoesting this Gduid Hayend, eng.| @ reseinecinand afdynp Jor
ér}rzpe/tg{a: 'iﬂﬂig zn%g}TE]qt y rlelgg%m fgcﬁ%éﬁé glljﬁwal[). n%r%gdp?gfelrr%dt apsethe
ﬁdié%@é‘ﬁpﬁg cREAS TS afid ém)ironﬁf\érﬂiﬂﬁ%a%n%fNétgth%ghbs

esent between the 5 interface el ement an
gimhedimant=df Fg. Aispartieulagynsyiiable Saouss incaugliye control as part of

rovided for refreshing this liquid [ayer 9 (e.g. a
gé%ﬁgﬂﬁqdéﬁﬁmﬁﬂﬁﬂﬁwefor moving liquid fromthe
reservoir fromthe punp). Water is preferred as the

iquid, due to its cheapness and environnmen

| |
Figion (@) bh showiRenoabcal e MSragion oehepeam 17 of
£ A ' ;. ity
I o
tHeaparel dwhild Fig Hdhy is @ndewtloolkihy yowhelsi ortecofibieisunfacés 4, 6 of

e e PSR Ui, G5 SBaR Jofeehf e micnt
B o Sk Erecl e £ Sagih ot blr AL, bY Y SESePRe: for
exaimpleuan ohseer bheithat sideib a6 0bthacpanaliS. t hig. 48&) islant
experimental observation of this phenomenon, showing how the light
scattered by an inclusion appears to such an observer as a bright spot on the
panel. The same visual effect would be achieved in the situation of Fig. 1, in
the case that the inclusion 10 intersects with the beam 7. Note also, that
within the scope of the invention, the observer may be on either of the sides 4,

6 of the panel 5, since the inclusion 10 scatters the light in all directions.

Fig. 5 illustrates the conditions under which there is total internal reflection of
the light beam 7 in the embodiment of Fig. 1 (or equivalently, one of the beam
components of the diverging beam of Fig. 2). Fig. 5(a) shows a case in which
the interface element 3 is selected such that its refractive index, ny, is greater
than that ng of the glass panel 5. As shown in Fig 5(a), the incident angle of

the beam 1 on the glass is denoted by 6;, and, following the refraction, the
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light. The scattered light is easily observed or
detected, by an observer, for exanple an observer on

we@Rakme433i de 4 or 6 of the panel 5. Fig. 4(c) PGI/a6G2003/000294

experi mental observation of this phenonenon, show ng
how the light scattered by an inclusion appears to
such an observer as a brightygspot on the 20 panel. The
same visual effect would be achieved in the situation
of Fig. 1, in the case that the inclusion 10
intersects with the beam 7. Note also, that wthin

the scope of the invention, the observer yn’(@ ﬂ'ée
direstian Brwhis the heamy/ pr@%ﬁat%ts %%nfgedm &;j ¥gen the beam 7

t {
LRGSR e BERS Sl PP AP B RE piR e
bt e Irmto@nmdngr@fdtamlamm@frmtdmeuis dh thévestical singlé,hehich is
enbodi ment of ig. 1 (or equivalently, one of the beam

genpieAeaR & of the diverging beamof Fig. 2). Fig. 5(a)

s?‘ﬁ?%d’@my,t ngﬂkgl %Hglreg@: ﬁ'n\rc/a];@é?sﬁe 3 grﬁ(aqqﬁgtbe%msl meets the

gugate at bakbchﬂm wigerefthé hﬁlrwce% i amedontact Asitls lttesvinterface
|n Fi t he incident e of 30 the beam 1 on N
%a§§3 AeneieddEet1b eatn,c'd?ﬂﬁ@ anglg Waeh At defioted by 6.
ref raction, the WO 2005/ 064321 PCT/ SG2003/ 000294 10
direction in which the beam 7 propagates is denoted by

Becoldiegtd Baelis daw of réfraatiohs, it can e ddrivedlthats and
encounters either surface,4 or 6 of the glass in the
air, the incident an@l'@'”a‘t INehi ch the TIR occurs, is

the critical angle, noted as O 5
Correspondi ngly, the &1r|{i| c@?lné)ﬁgl e in the case that

Ve 6260, do TeieSligHi qvill Ber dircted! it the a5 hAd prbgdgate inside

the surface 4 is i1n contact with the interface
thegimss vdth §IRlenot ed by Oct. The inci dent angl e when
O=Cc is denoted by Q'. According to Snell's | aw of
refraction, , it can be derived that: 10

Wn aﬁéﬂﬁaﬂlﬁé/c%%é g fkatedli iR RigNB(HY1s Wt &n, <Iﬂ tHi¥ lcase, when

t ellght will be directed into the gl ass &nd
preodpasiat l/nn)s tm@hght will be directed into the glass panel and propagate

inside the glass with TIR.

A third case, within the scope of the invention, is that more than the interface
may include more than one interface element, or when the interface includes
an interface element 3 and a layer of liquid 13. These possibilities are shown
in Fig 5(c). This situation can be analyzed layer-by-layer according to their
refractive index following the above 2 steps. The following conditions are
given as an example, n{> na, na< ng, N4< ng, where nq, nz and ng are the
refractive index of the media 3, 13 and glass. The relevant parameters are
defined as follows, with reference to Fig. 5(c):

01,02 -- incident angles,

02,019 — refractive angles,

0i’, 0i2’ — incident angles when 6,5= 6,
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the glass with TIR 15 An alternative case,
illustrated in Fig. 5(b), is that nl1_ng. In this

weaws/o64shen QO O '=sin-1(1/nl), the Iight w |PCDHEeG2003/000294

directed into the glass panel and propagate inside
the glass with TTIR A third case, within the scope of
the invention, is that nore than the interface 20 may
i nclude nore than one interfece el enent, or when the
interface includes an interface elenent 3 and a | ayer
of liquid 13. These possibilities are shown in Fig
5(c). This situation can be anal yzed | ayer-by-I| ayer

according to their & ircﬁﬁ'&élva% .Ié‘ﬁﬁ?ﬁ @ggg%ﬂg t he
g conditio

above 2 steps. The follown s are Qgiven as

an exanpl e, nl> n2, g2< ngitical andte fR’ BteHacendlemight 3 to
ng are the 25 refractive index of the nedia 3, 13 and

gl ass. The rel elquid lgyerddeters are defined as

Aol I aws,t v%tt],r,sference to Fig. 5(c): G1,0i2 --

ML O @?lass,aw’OrZ, Og - refractive angles, G1I",

0i 2" - incident angles when O g= 0c, WD 2005/ 064321

PCT/ SG2003/ 000294 11 Oc - critical angle from gl ass

it eajoe depmed-thakitical angle frominterface el ement 3

to liquid layer 13,,Ac i to Snell's law, 5 it

can be derived that: eb’ Qﬂg AR'?( 1/ni) Ccl=sin-1(n2/ni)
When 8c1>0 1>01', the,ksiaiinsan reach the gl ass panel

5 through prism3 and 10 | ayer 13, and w || propagate
Winenhe:1g0iesr, phadight can traadh thewgldssspangl faadweugh prism 3 and

layer 13, and will propagate in the glass panel 5 with TIR at its surfaces.

At this point we will consider the energy lost caused by reflections at the
boundary of the media 3, 13. According to Fresnel's formulae, the parallel and
perpendicular reflectivities are,

_tan®(0, -6,)
" tan?(9, +6,)
_sin?(0, -9,)

L= . 2
sin“(0; +6,)
When 6; is close to 6;, Ry and R, are near to zero. This means when the 2
refractive indexes are close, the reflectivity is smaller. When the two refractive

indices are the same, the reflectivity is zero.

To improve the light coupling efficiency, a deformable solid interface element
with refractive index approximately equal to toughened glass can be used.
The refractive index of toughened glass is approximately 1.5 in the visible
spectrum. For this reason, silicon rubber, which has refractive index of
approximately 1.4 in the visible spectrum, may be selected as one of the
interface elements 3.
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At this point we will consider the energy |ost caused
by reflections at the boundary of the nedia 3, 13.

wao\ewsioaizay to Fresnel's fornul ae, the paral | el PENEG2003/000294

perpendi cul ar reflectivities are, tan2(G -O) RI11
thn2(G +(r)r) sin2(0i-O) RL _ sin2(G +Or) 15 Wien

O isclose to O, R11 and are near to zero. This
means when the 2 refractive fndexes are cl ose, the
reflectivity is smaller. Wen the two refractive

indices are the sane, the reflectivity is zero. To
inmprove the light coupling efficiency, a defornmable

Big.i 6 shows fadbird! embotdimet of tther inveation. v§hiSn@mbodiment is

BT S Sy U8 il B8 LR o secona

aribodirh&Rfsed Yortion 9 Bf tHeein¢idenklight wiesd reﬂ@ct&pat thel surface 4
reason, silicon rubber, which has refractlve i ndex

of
abirepanet @sythe beam 9hdhe |§I’Qﬁ|’eﬂ‘§p@@ manglss the hlgher the

3658 &f Bt At e dBrsntds i e érﬁﬁ'&@“ﬁﬁ&*%ﬁdﬁ& foo!

sottivt mgﬁ plfaJ‘VIcteiraiEels’i,J pae rif itfoen geﬁﬁmlyqnfsnﬁslﬁamd d interface element

not i vat t he observ that, as noted a v, in, )

Bhahe bt bahm Bds Salrcteabaak faNat IHeoes Gangl ot iany light is
h

{Upfiet Fohpctedbalk ionhhd SYAL oo ddiinad baa %o, Rinay be

eaf@ctad baek tuveards thénglabs pamehd a@hln bytite foet bectiard23.

Thus, in the third enbodi nent an extended foot

section 23 is provided as part of the generally

wn&aw hiaRRE érﬁﬁ&hﬁﬁéﬁ@s absémsdd aBovd helih@ifacBesighm@nt 8 was
reflected back toward the glass panel 5. If any light

generally tiism-shaped irearasasiectionnit imay alternalively beryevided as a
bl sﬁgep %?raégrméﬁlen%t&?al (e.g. silicon rubber). Such a fourth

embodiment of the invention is shown in Fig. 7. The incident light beam 1 from
the light source (not shown) enters one end of the interface element 33, and
then propagates within it as a beam which is total internal reflected whenever
it encounters the faces of the sheet 33 at a location where that surface is not
in contact with the glass panel(in a way similar to the propagation of the light
within the glass panel 5 in the embodiments described above).

When the beam 1 reaches a part of the interface element 33 which is touching
the glass panel 5, the conditions for TIR no longer apply, because the
difference between the refractive indices of the interface element 33 and the
glass panel 5 is too low. Thus, the light passes into the glass. When the
refractive indices of the interface element 33 and the glass panel 5 are very

close, the light coupling efficiency is high.

As shown in Fig. 8, optionally an object (e.g. airbag 38) can be used to press
the interface element 33 into full contact with the glass. A downward force
shown by the dashed arrow can be applied to the airbag 38.
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refl ected back towards the gl ass panel 5 again by the
foot section 23. 10 Whereas in the enbodi nents

waelemsiosdsed above, the interface el enent 3 was PCT/SG2003/000294

generally prismshaped in cross-section, it may
alternatively be provided as a flexible sheet of
deformable material (e.g. S|Ihcon rubber). Such a
fourth enbodi ment of the |nvent|on is shown in Fig.
7. The incident light beam1 from15 the |ight source
(not shown) enters one end of the interface el ement
33, and then propagates within it as a beamwhich is
total internal reflected whenever it encounters the

bgﬁ taﬁy fohgrecdé%?,t ov\%’t ﬂé?ﬁ lQERET B Y\é‘éﬁ{a%et 5131 ﬁturef Pfrective

ontact gl ass
soafingishéet 3heam berigiedi mntheftophldeldf ditng: mtamfadse eleh’t&nt 33.
gl ass panel 5 in the enbodi nents descri bed above). 20
V\hen the beam 1 reaches a part of the interface

ﬂ{er@n dl?ﬁbdtStHéDP&B'&Qheﬁhfér&'c@%eﬁ@h@'ns gerfbhﬁed by a

con tlons or TIR no | onger apply, because th
mll‘e‘retlribraseslb@ummﬁg h@. Figf S4a) isva tom vieye ©f @mbddiment, looking

terf | t 33.and th | | t
e fie SLAECR 400 THEB8Ss i EIE 2B ViReh fiaw of the
b Rfimaat et iaNdcafien &t theedgat ef te papbEBERpedificAld at the

the gl ass panel 5 are ver close, the |ight coupllng

8pitpa @ﬁEgg i%api big- He) isnbaremhodimentseesgremrapoyition at the
PRRES! el o Tkoe ) paC AR e iR gl ame

J‘br@fmﬂm daxlsﬂ i ﬁaregﬁl $d§ gh@ V%l}'fgt:b gofglg?fg@l?sarpamal GaImHee axis is

a | to the. airbpa . W

PBlelsEi e 60ois dirggtiesin BISana& Efﬁe@%&o@measépnstend of the

ISR 13 ifs%ﬁcfr%t ﬂ@%ét@éﬁ%@ rglfileg\nﬁ has %ﬁéwﬁ y & dashed lines
e adde

coat i ng/ sheet’ can on t e t opsi
imFeag.fHbg thakient ikBides arﬁlaaportluﬂ 4&1ﬂwd| anfinisfo-thmical portion

ﬁgbfgg{héﬂtgglﬁgé'g rfaﬁf ﬁ?/lme rlg a'bgpgsh E)g;ﬁygmél ?’6‘5 qfithg, roller
a3 enbodi nent, | ooki ng

A light beam 1 from a light source (not shown) is incident on the lower part of
the portion 433 of the end of the roller 43. Thus, this part of the portion 433
acts as a prism (cf. the prism-shaped interface element 3 above). The light
beam 1 passes through the roller into the glass panel 5. Preferably, the roller
is made of flexible material such as silicone rubber, so that the contact area
between it and the glass panel is not just a very narrow line parallel to the axis
of the roller 43, but includes an extension in the perpendicular direction (i.e.
the up-down direction in Fig. 9(a)). Thus, a strip zone 47 inside the glass will
be illuminated. Those inclusions which, at any moment are within this strip 47
will scatter light out of the major surfaces 4,6 of the panel 5, and some of this
scattered light is observed and measured. The whole glass panel 5 can be
inspected by rolling the interface element 43 about its axis across the surface
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towards the surface 4 of the glass panel 5. Fig. 9(b)
is a view of the enbodinment froma |ocation at the

wedgs/0ef32t he panel 5 (specifically, at the boPCDRGTIN3/000294

Fig. 9(a)). Fig. 9(c) is the enbodi nent seen froma
position at the 10 right of Fig. 9(a). The roller 43
has an outer profile which is cylindrical, and its

| ongi tudinal axis is parallel to the surface of the

gl ass panel 5. The axis is parallel to the left-right
direction in Fig 9(a) Preferably, at | east one end
of the roller IS_no lat, but instead has a

By Hius r@omgctheusgrle Havcﬁ goyn the duectinndndicaéad by ghe-agows in Fig.
%g%) g:f)] it includes a flat portion 431 and a
s%o CoHi cal portion 15 433, both being rotationally
symmetric about the |longitudinal axis of the roller
3. ligh ml froma_light source
Fiis. 4ok B Rt RBowovaeienim ot the praiisSrbpanas Tl crges, the
%Haﬁ’lf is'shewrPlibfedds a di %&lontéb'rl%sgéﬁ&nﬁftotlﬂ"@ ®ey.tion

20 acts asaprlsm ct ri snrsha
[ nterface el enent above) The |ight beam 1 passes

RS ! BTGl S55uRP AL 68 the o

sblitceone isufplRily raéunteatint ReatnNicatiie 26kt 48e0uRRIared to the
and the gl ass panel is not just a verl?‘(B narrow | i ne
r

paieapeeent of Figs. &akto YE), tarﬂbaddjtwr@l rafier His pravided @onnected
A URR o) P SEPRALG S S pfbies 1698 S Ty ne oter

fonrn
AGrcandbe i‘dsﬂia'di@vérhbe@lmpawéll5 white tHd lightrsaiueck 1Zliosmintained
|nclu5|ons h, .at any nonment are within this strip
peintigg in %%4§'Fe¢t|°@ht out of the major surfaces 4,6
of the panel 5, and sone of this scattered light is
observed and neasured. The whol e gl ass panel 5 can be

iTusmiag tte dFigyy9(ep Bhothgr vasantnis shbwweofdhe eemiodidieabinutigs 9(a) to

ks, S840 308 heitdre"SRMERt ot Higv: e Teyghy ofas the outer
rttbn bNthehw e nsqtﬁcmum méﬁhe@cbmcbhsombheme) rbd‘_t'tﬁe roller
a) and 9(f) show variants of the

Fi
SBabire helobirefs clamant 55 afiass o cloment 43 of Fig. §(a) by
the central cylindrical portion having areas 431 at its ends being removed).

Inside element 53 is another body 56 including the light source. Again, the
roller 43 rolls on the surface of the glass, and light source is supported to
keep pointing at the glass panel 5. The body 56 remains at a fixed distance
and orientation relative to the glass panel 5.

Turning to Fig. 9(f), yet another embodiment which is a variant of the one of
Figs. 9(a) to (c) is shown. This embodiment has a flexible (e.g. silicone
rubber) ring 57 which is maintained in an elongate lozenge-like shape by two
internal members 58, with a flat region between them. A light source 59
generates light in a line, extending for a greater distance in the left-right
direction than in the other embodiments of Figs. 9(a) to (e), so as to illuminate
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5 variant is shown viewed in a direction correspondi ng
to Fig. 9(c). Referring to Fig. 9(d), in this variant

woRoosobodi ment Figs. 9(a) to 9(c) the light sPUr/8€2002000294

is fixedly nounted in relation to the roller 43.
Conpared to the arrangenent of Figs. 9(a) to 9(c), an
additional roller 50 is proviged connected 10 to the
roller 43 by a rigid structure (e.g. a triangle of
rods 51). Thus, the roller 43 can be rolled over the
gl ass panel 5 while the light source 12 is maintained
pointing in a fixed directio urning to Fi g

o BidsT 2t f13ne.0 maie ihan halhet G suBataRtaly, fief gedion at the
%%ﬁ}m{ g@,ﬁjgt In this case, the interface el ement
rrayefbe t'h g 1 '

of as the outer portion of the
roller 43 (including the frustoconi cal portions 433),

t th | I [ |1
3 the Snbonts deeTagd gbou e el igh ' HlrEBRRKLBY a ligh
@bk CEHe RGdd 'cSHTY hayi |ﬁ9|c%'t&ﬁ-°scﬁ§ﬂna%’ballyf SIo%Rﬁ'@ k/iads the

renoved). Insid enent 53 i s anot her
ipagiel; dinn §ig. h#0(a) gthese ua dight Againm 1 terméergoargila’a%rpml through

ilei3es et Feaft Buinte§ £r8fn G debiedlns HeS, faSwever
kIeélVinbénticiras Nsotalimitelli e thigi @sg@@le ar& dvi€Hih eﬂhbascwe of the
relative to the glass panel 5 urning to Fig

yryendiont the l@%@l@lnrr@?ﬁy e dwmlaaf&dvﬂpnhrﬁnyoﬂumb@roﬂfe different
h
et 8% H8) 9, (Bled SyoRRET oL BBRE ol Shows

cone
m&hatrm'tlnam/ iam arrapgemeat én Iwhaemwl- la'réee1§ha‘pl¢1ebgla89\xpanei 5 is

a flat ent

alhiigatec Barc B oesetditadions Hisiia farm Redrise generaiod by four
ééﬁéﬁiv@glxqrﬁa &;r@é@ﬁh&tf sKbwhPAHECH anéﬂ%éed&s% 'pahbl( 5)through

|rect|on her ‘enbodi nents of
trespedtivesinterface eldrhemtisndit Ehe@leoentedFg. 10(b) which are not

PCT/ SG2003/ O a zone 17 (e.g. nore than
Wé??e’%“?sﬂ% @Cﬁﬁgﬁ%#%"ﬁ‘ a§ﬁ "region at the bottom
of the ring 57). In the enbodi ments described above,

the inclusion is illumnated by a Iight
In any of the embodiments described above, the detection of the light

scattered by the inclusions can be performed by the human eye (if the light is
in the visible range). However, alternatively the detection can be performed by
a camera 54 or any other detector which is sensitive to the light employed. A
possible such arrangement is shown in Fig. 10(c). The light scattered in the
illuminated region 17 of the panel 5 passes through a space surrounded by a
dark box 57 (used to block the background light) to the detector 54. The dark
box 57 is used to enhance the contrast of the image. It permits the scattered
light to enter and leave it perpendicular to its major surfaces (i.e. its top and
bottom surfaces) for easy detection or observation, but it can prevent ambient

light from outside.

In embodiments of the invention which include one or more cameras, the

output of those cameras may be fed to an automated image analysis system
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5 source to one side only, as indicated schematically,
| ooking towards the panel, in Fig. 10(a), where a

wo c@htedsenm 1 enters a gl ass panel through i nPEr/BGu®3/000294

element 3 and illum nates a region 17 of the gl ass
panel . However the inventionis not |limted in this
respect, and within the scope of the invention the

i nclusion may be il lum nated fg om any nunber of
different 10 directions, e.g. one, two, three or four.
For exanple, Fig. 10(b) shows schematically an
arrangemsnt in which an area 17 of the glass panel 5

PR AT g4 Pl SRR A0 may oo
mcgmﬁméﬂcﬁln@hptwbedbfd die pomder bhihclllsiits RieAfified However, in
through respective interface elenents 3. The el enents

GpOrE §0P|1'§t'%§teﬂh$@ﬁ’oﬁl*’%e'ﬁ§t't l%rcpgragan@d tﬁ qhs@rlmmt%)dlfferent
Q%ﬁessgp It@a§p8ﬁ| as' dls lﬁ"lné t?lm)dgg% pHi 8 I?cﬁﬁl% dns'i)cﬁ‘gs based

ove ection o
iamcones oo nore ari their pizef ehamjabd/reﬂm:tlhmymn eye (|f t he
light is in the visible range). However,
alternatively the detection can be perfornmed by 20 a

TGB! PEhBivsaMiuri YmissdifehPbf iy *ﬁt}ehﬁorﬁ ﬁﬂﬁhfch\fﬁeﬁeoare two

the light enployed. A possible such arrangenent
élabmourpera (notisiieyn) Arengedio gerwrater bghti beame 1a 1b having

|l d. 17 of . th | t.n
soHBAERT o i iy Ae e B8, SIS, parl B b R et in
kﬁﬁ#b@ﬁcﬁwl@r|d|@i@it|bn§0ahhef&eb§§ﬁ QIgh5‘éouTéhe é’%gpe&m‘; frferface

is used to enhance the contrast of the inmage.
Riement 65Re GibalWiickdmay be gy ob thairterfand eI@m@ats gdescribed

RAIRENHith bkt the Ifa%llioofagéb At ETebbedive Hgge[c?&é’%d 64b. A

bottom surfaces) for eas | SRCRCDNEFY
lyineri tnodl&nom)leﬂvlhu's samweﬁmghtl wbl_bh i§ [detected Dydde detectors 64a,

%gﬁ,g S of the invention .I%h i ncl ude one or nore

when e CorsesRANING 20nSt IRLdENE Annea thayngjesipad Thys, the
88 lj S

%%T/ SGZOO?,‘?% ihEBEBNAEE i S%efch Mﬁ%\é&&%@mlgﬁéﬁ@&hons can be

00294 16 i enment e
dei¢rainedhe i mage anaIyS|s system may be

Fig. 11 (b) is the section view of Fig 11(a). A beam of light (e.g. the light
beam 1a) which is introduced into the glass panel 5 via an interface element
63a generates scattered light which propagates as beams 71 towards
detector 64a. Based on a knowledge of the position of the inclusion 60 in the
direction which is left-to-right in Fig. 11(b) (this knowledge is obtained using
the other detector 64b, as described above in relation to Fig. 11), the three

dimensional location of the inclusion can be calculated.

Note that all of the embodiments described above will continue to operate
reasonably well even if the glass panel 5 includes regions at which its surface
is covered, e.g. by dots, as is typically for many panels of glass in common
use, e.g. as construction elements of buildings.



10

15

20

25

programmed sinply to record the nunber of inclusions
identified. However, in nore sophisticated

weedsaoasent s it is programmed to di scrim nate PCT/A€2008000294

types of faults, such as distinguishing air bubbles
fromsolid inclusions based 5 on one or nore of their
si ze, shape and refl ectivity Figure 11 shows a
further enbodi ment of the |nvgnti on in which there are
two |ight sources (not shown) arranged to generate
l'ight beans la, |b having conponents in the plane of
t he gl ass panel 5 which propagate in 10 perpendi cul ar
éhlth@b,lghoth@ inveition dnase Heen| ezg%ﬁm@@lu abeve dnrredglieat fo, particular
et eie, oAl Verididhs, AR ROSSpEUIY 1R GR6e Y i invention
abeavill ibgutldat y£ekilladdeaderespect i ve detector 64a, 64b.
A given inclusion 60 thus scatters light which is
detected by the detectors 64a, 64b when the
r Sin0 d C
PR SRARRE, PoeBBRlintin SfodifEnts BobUE ShBTPARITS' % @ glass
pheebeilt maaw altéraatmbly elog | apricanspardrd paimleofnaneﬂ\er Firgnsparent
e sect,i.on view. of F| 11 f
faghibl Whish B SnatiRor GAkG &) ot alehal (S7RERM & beam of
'Ilghﬂmhl%,‘ﬁ SHERMtEBNLEUPacE 8f M MH&EFWH%% 8h§BdsTtincidénce within
a generates scattered |ight which propagates as
Baanproprigiegyangs. det ect or 64a. Based on a know edge of
the position of the inclusion 60 in the direction
which is left-to-right in Fig. 11(b) (this know edge
s dltHougth thel description eibowe igeh esints o dbtecting faults which are
descri bed above in relation to Fig. 11), the th

ichesiensndhe | Gvantiom ist applicabie) t%l%w (%hﬁ%éaults Wh'Ch cause
%eéﬁ@ﬁ@%ggh%@ﬁ r’\@ét‘ﬁpﬁﬁ?? s witlinthé p& Q‘?g@hgﬁ@sscra%ﬁs) or faults

escri cont1 hue 1o op reason
el meeswfacef oftthe pared,se.gasehtches mldedms Ofén thmeaﬁaults can be

bty SREPSAR b S S oo
BeUishig HOMS] EmbueticRaRYBY e AlitdiHhted iRRYe Afllysis system.

Furthermore, although the description above refers to the beam 1 as being
“light”, this is not intended to imply that the light is in the visible range. Rather,
the term “light” should be understood also to include electromagnetic in other

frequency ranges, such as IR radiation and UV radiation.

Similarly, the light source 12 may be any of a number of possible light
sources, such as a fiber bundle, a line-type light source, a bulb or filament,
e.g. of tungsten.
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WD 2005/ 064321 PCT/ S&003/ 000294 17 Al though the
i nvention has been expl ai ned above in relation to

w@asosioeskar  enbodi nents, nmany variations are POFSGHI08000294

within the scope of the invention as will be clear to
a skilled reader. 5 For exanple, although in the
enbodi ments above the panel 5ds a glass panel, it
may alternatively be a transparent panel of another
transparent material which is capable of causing a
total internal reflection to a beamof |ight which
encounters a surface of the panel with an angle of

[ nce within an appropriate range. 10 Al so,

al t hough the description above is in terns of

qet eciq Prgat@?ﬁ* 'féﬁd&@cﬁh? 35 @its, | SUfchusd i?fb’ﬁ.hsiéﬂ?s‘? Withi® & fr@Rsparent
is applicable to any other faults wnich cause
panet whiahgs ddcdtedlin aniamipent aitudspherethe snethodicompising:

[ { h ks),. faul t t f f .
P palifig Tont 6Rh Bt Sotes futo’h ilEas 48 SBofit with the
¢ Peadd, tHhes iitadads irudingBrRash nirBehteviadd dlémehts Réving a
operator, but alternatively the can be distinguished

cofipetive indaxy highesfham thexambigntaimosaberea ahlepst some of the light

BEPAAD LRI oo MO BB B e
ighissnplatkl talongnal yathhalberehteotdliigletrnalsreflectiomeiswiealikddat surfaces

range. Rather, 20 the term"light" should be
@%H%? glassPanes @b i ncl ude el ect romagnetic in other

frequepe¥nfi i | 8ty . |
radi ati on&'@l%ﬁﬁalgwg&ta ﬁ%r‘%ﬁgﬁ%?yﬁe n?rzlé;( rlrtamx\é Wee %annye.
of a nunber of possible light sources, such as a

A O e R —
Ridrh SFROMA RO 29Body &of 1&:8bMB material which is pressed against the

glass, whereby the body is deformed to increase the area of the panel with
which it is in contact.

3. A method according to claim 2 in which the body is composed of

silicone rubber.

4, A method according to claim 1, claim 2 or claim 3 in which the interface
includes a plurality of the interface elements, each having a refractive index

greater than the ambient medium.

5. A method according to any preceding claim in which the interface
further includes a liquid coupling layer interposed between the panel and the
one or more interface elements.

6. A method according to claim 5 in which the liquid coupling layer is
substantially composed of water.
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1. A nethod for detecting faults, such as inclusions,
Wi thin a transparent panel which is |located in an

wa@nsoa32at nosphere, the nmethod conprising: dPCESG2008/000294

light froma light source into an interface in contact
with the 5 glass panel, the interface including one or
nore interface el enents havi a refractive index

hi gher than the anbi ent atnosphere, at |east sone of
the light passing through the interface into the

gl ass panel and propagating wthin the glass pane

al ong a path where total internal reflection is
realized at surfaces of the gl ass panel and 10

b | i.ght
gx?? r%g%@@%gﬁéﬁg%'}&?gah ‘ﬁgagy'“@ | ng %Vg' «%\nfi\emoqe iorﬁ more
werfacé ldernentsoinchmiecat fdast baeantafmeeitamennamddwng a portion

body of flexible rraterlal v@chls ) es ai nst tg
Whisdy haﬁﬁ?e@%fwa{h@rlﬁﬁw FREQEFSERAF 'PB"Y )é' W@dt'ﬁea irection

15 which it is in contact. 3.
Sér%rﬁflcﬁlgﬁtooﬁgﬂgg Wickh.

accor ocla|m2|n whi ch the body is
conmposed of silicone rubber. 20 4. A rret hod accordl ng
o cl

| ai th
Boct udeiethof aReRing t & Teeedife dttnuiBish thelhBiface and
lﬁljﬁt' étﬂ.lrée rfé rn@&iéd/@vérftﬁ%ar@l enlary theagbriibe offH Bé}‘iel which is

medi um 5. met hod according to any preceding claim
Iillhlﬂma’tﬁﬁi b%thei kgdrface 25 further includes a liquid
coupling layer interposed between the panel and the

one or nore interface elenents. 6. A nethod according

90 cl A meihod asbording e clditud dn wm@'h itmgiritelsf@dSe irkludes at least
subst anti al | conposed of water. 2005/ 064321
2asy] ent whicty rolis @yfehaae gi plythe pgpgl when the

m&qggérggngv?um in which the one or nore interface

el enentfs I nclude at | east one interface el enent
including a portion

10. A method according to claim 9 in which the interface which rolls has
circular cross-section when viewed in a direction perpendicular to the light
path.

11. A method according to claim 9 in which the interface element which
rolls is maintained in a configuration which is elongate in the direction in which
it rolls, the configuration including a substantially flat portion facing the panel,
the light source providing the light along the length of the substantially flat
portion.

12. A method according to claim 10 or claim 11 in which the light source
moves in fixed positional relationship with the interface element having a

circular cross-section.

13. A method according to any preceding claim in which the interface

includes at least one interface element which is a flexible wave guide .
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whi ch has a generally prismshaped cross-section when
viewed in a direction 5 perpendicular to the light

w@aiok/064321 A net hod according to any precedi ng BCEHBGRG08/000294

which the interface and |ight source are noved over
the panel to vary the portion of the panel which is
illumnated by the light. 10 9. A nethod according to
claim8 in which the interface includes at |east one
interface el ement which roll £0over the surface of the
panel when the interface is noved. 15 10. A nethod
according to claim9 in which the interface which
rolls has <circular cross-section when viewed in a
direction perpendicular to the light path. 11. A

met hod according to claim9 in which the interface
dfteneAt mathashacogding tosany phegasting Gdmiin which at least a portion

6P IHe Suradd 8P iflirhe, SHREORER, 48 Adtfofld ELLR A the tight
buhst enterathe irftbdace antlithe ;fcﬂ'ﬁd)lﬁl of tine interfate wHitte contacts the
Iight source providing the ght along the |l ength of

els heg RN foﬁ’flﬁCt'nEd'ﬂmon 25 12. A net hod

according to claim10 or claim1l in which the Iight
source noves in fixed positional relationship wth
flbe i At endthod atcordimg bam\dny peecading udlaim in which the ambient
cross-section. 13. A nethod according to any preceding

eﬂs‘m‘l'ﬁe\%l ch the interface 30 includes at |east one
interface el enment which is a flexible wave gui de. WO
2005/ 064321 PCT/ SG2003/ 000294 20 14. A nethod
a6cor & methed asgoisling &aliany of pieeetingwelaith iatwhichdhe scattered

ot aieelled Whrdtim@ifrdletbhe | Tght beam enters the
interface and the portion of the interface which

contacts the . . . . .
17. A method according to any of claims 1 to 15 in which the scattered light

is observed by one of more electronic detectors or cameras.

18. A method according to claim 17 in which the one or more electronic
detectors or cameras are electronically coupled to an automated image

analysis system.

19. A method according to claim 18 in which the automated image analysis
system determines from the output of the one or more detectors or cameras

the type of fault which scattered the light.

20. A method according to claim 19 in which the automated image analysis
system discriminates the defects, air bubbles and solid inclusions etc based
on their size, shape and reflectivity.

21. A method according to any of claims 17 to 20 in which there are a

plurality of the cameras and a corresponding plurality of the light sources, the
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5 panel, has a coating for reflecting light. 15. A
nmet hod according to any preceding claimin which the

wa@edssee321 nediumis air. 10 16. A met hod accorPCTgGL003/000294

any of preceding claimin which the scattered |ight

i s observed by a human operator. 17. A nethod

according to any of clains 1 4,0 15 in which the

scattered light is observed by one of nore electronic
detectors or canmeras. 15 18. A nethod according to
claim17 in which the one or nore electronic

detectors_or caneras are electronically coupled to an
gameras keingraganggd dryehservg dhe Mumipatesl regiamohdae panel from

[ laim 18 in which the automated i mage
gﬁ%?%/rgidg'%ét@snt%(i:m determ nes fromthe output of the one

or nore detectors or caneras the type of fault which

scattered the light. 20. A hod according to claim .

29 | P \AREROd RecaRIER @!f'mg%éwmﬂ%%de I 9By Hfclaims 18
r. ] I A g

1 26 1THRAER BRoHHES hegd 0 LFEeAT ophichs e posiion

oka detectedtigclugion iA the thickhesscdiretitionp afdhapanel cl ai ns

17 to 20 in which there are a plurality of the
caneras and a corresponding plurality of the Iight

99ur M Ethed \WecdriiRg A8 4aad pPéEEoﬁ?Q:%v‘rpﬁp%f’ch #e transparent

canmeras being arranged to ‘observe the illum nated
pageldnglaAss.he panel from different directions. 22. A
met hod according to claim21 when dependent on any of
clains 18 5 to 20, in which the autonmated inmge

anal yAiraethied eivcoriing 1o 2y éhelaipes 1t ioo2R iniwhictl éietrhrsbarent
inclusion in the thjckness direction of the panel. 23.

papekifadraneRagnhgolyd&iny preceding claimin which the
t r anspar ent

25.  An apparatus for detecting faults, such as inclusions, within a
transparent panel which is located in an ambient atmosphere, the apparatus
comprising :

a light source;

an interface including one or more interface elements having a
refractive index higher than the ambient atmosphere and transparent to light
generated by the light source; and

light source support means for locating the light source in a positional
relationship to the interface such that when the interface is contacting the
panel, light generated by the light source is transmitted through the interface
into the panel and propagates within the panel along a path where total

internal reflection is realized at surfaces of the panel.

26. An apparatus according to claim 25 in which the one or more interface
elements include a body of flexible material, whereby upon pressing the body

against the panel the body is deformed to conform to the surface of the panel.
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panel is glass. 10 24. A nethod according to any of
clains 1 to 22 in which the transparent panel is a

wo ec@sppseent pol yner. 25. An apparatus for detBCI/8G2003/000294

faults, such as inclusions, within a 15 transparent
panel which is |located in an anbi ent atnosphere, the
apparatus conprising: a Iigh% source; an interface
i ncluding one or nore interfa % el enents having a
refractive index higher than the anbi ent atnosphere
and transparent to light 20 generated by the Iight
source; and |ight source support nmeans for |ocatin
2e | |/§m1tap@amtu§ goeokding 40 cclaimal6 in whigh B1eshpgy ﬂsoCPW@OSGd of
Ay % gpch that when the interface is contacting
ﬁh paneP light generated by the light source is
transmtted through the interface into the panel and

ropagates within the ane al on path where tal .
8.1 iR GRPAFENS ASCPBHNG 40 I 2Bcoiam SBraraealn é? ippyghich the

RARFace? fheldfie S PR A5 RE ﬁya&fc‘?ﬁ@' Rlorftes! meajr_% g &W ing a
g boas

the one or nore | ace I emrents 1 ncl ude
frefactivesindeixegreater tlmul'e&aambpmrt rpedigsi.ng t he body
agai nst the panel the body is defornmed to conformto
the surface of the panel. 30 WO 2005/064321

Bgr/ S@@%&QQ&%“ac%d%@ to“%n?pﬁfibﬁsﬁrﬁ§ 215%@8 farthér including

claim26 in which the body is conposed silicone
n0eaes . fop goropiding ghe ainterfacsc wvith @y ligwidc paunhr%,lamraurﬁerposed

EitiPeefife enehaty K. 6e ol faord bR Bcb Bie R g "
refractive index greater than the anbi ent nedi um

30. An apparatus according to any of claims 25 to 29 in which the one or
more interface elements include at least one interface element including a
portion which has a generally prism-shaped cross-section when viewed in a

direction perpendicular to the path of light generated by the light source.

31.  An apparatus according to any of claims 25 to 30 in which the interface
is adapted to be moved over the panel to vary the portion of the panel which
is illuminated by the light.

32. An apparatus according to claim 31 in which the interface includes at
least one interface element adapted to roll over the surface of the panel when
the interface is moved.

33. An apparatus according to claim 32 in which the interface element
adapted to roll has a circular cross-section.

34. An apparatus according to claim 32 further including means for
maintaining the interface element which is adapted to roll in a configuration
which is elongate in the direction in which it rolls and which includes a
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29. An apparatus according to any of clains 25 to 28
further including neans for providing the interface

wowaoks/oe43ki qui d coupling |ayer interposed 10 bRCTEE€V03/000294

t he panel and the one or nore interface el enments. 30.
An apparatus according to any of clains 25 to 29 in
whi ch the one or nore |nterf2§e el ements include at
| east one interface el ement luding a portion which
has a generally prismshaped cross-secti on when vi ewed
ina 15 direction perpendicular to the path of Iight
generated by the |ight source. 31. An apparatus

antigdlyt fiptpgriion, thealight swiree being aranped terprovide the light
[ f e noved over the panel to
J@?@étﬁ§§83$ ﬂgﬁf Sﬂ%QQBQne| which is illumnated by
the light. 20 32 An appar at us accordlng to cIa|n131

in_which the interface includes, at
B o A e Bog Aeorang I AP o SIS 36 & e hich doe light source

fap ﬁ?g(‘ﬁ{ cafaed ltrgﬁgé&‘t%ftﬁé?%ﬂ? al mlg\ﬁggvéfgth{‘gu ace of the

tus accor |ngto aim the i
gpaminto nevepthedlight sairte maaingainingcliXear positisisal sretdtionship with

34. . aratus according to claim 32 further
el fge  ntai ni i

means for maintaining the interface el ement
which is adapted to roll in a configuration 30 which
is elongate in the direction in which it rolls and

whd.ch AR apoaéaﬁua apeorhing toeng 2f cleans 381003 wowhigh the dnterface

B P PR B P ', MR B et

flat portion. 35. A nmethod according to any of clains
31 to 34 in which the |ight source, 5 sug)ort means i s

at f-angd aPRAratyE ﬁ“?ﬁoé‘i“f‘g iy 6F claies 3o 3brinawkichrat least a
Fﬁkﬁﬂoﬁad?q e § ¢(|1 e|n d ?ﬂl‘fél‘cﬁtaﬂatbgtcﬁdrﬂbﬂg throt§A which
0S| ons er

tiona ein
the light beam enters the mterface and the portion of the interface which

contacts the panel, has a coating for reflecting light.

38.  An apparatus according to any of claims 25 to 37 further including one
of more electronic detectors for detecting the scattered light.

39. An apparatus according to claim 38 further including an automated
image analysis system arranged to receive data output by the one or more

electronic detectors.

40. An apparatus according to claim 39 in which the automated image
analysis system is arranged to determine from the output of the one or more
detectors the type of fault which scattered the Iight.

41.  An apparatus according to claim 40 in which the automated image
analysis system is arranged to discriminate air bubbles from solid inclusions

based on their size, shape and/or reflectivity.
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36. An apparatus according to any of clains 25 to 35
in which the interface 10 includes at |east one
wo paosobéaee el ement which is a flexi ble wave guP@dESG2003/000294
sheet. 37. An apparatus according to any of clains 25
to 36 in which at least a portion of the surface of
the interface, other than th?4portions t hr ough whi ch
the light beamenters the intferface and the portion of
the interface which 15 contacts the panel, has a
coating for reflecting light. 38. An apparatus
according to any of clains 25 to 37 further including
one of nore electronic detectors for detecting the
attered |ight. P 140 :
3 ihhegr e actrie e RSP E T8 A i there are o
S0 ARy OF tisey Bhmierad BAd gecorraspoRaiirigr pludality of thep lighttsourtes, the
one or nmore electronic dete&lﬁ

| tors. .40. An app t us

eryperas Rgindoarsanged 40 oPsEns Uvingied,reelon &rn@seoa% from

: [ : mis arranged to determne fromthe
gﬂ?%%ﬁ(ﬁ$§¥éé§one or nore detectors the type of fault
whi ch scattered the light. 41. An apparatus according
to claim40 in which.the autonated i e ,anal ysi .
491 AniBphartus glroRing T By et FRSEae At Sl 0. claim
20or C1diRF LY SindRRichIRe RARSHaRsHY & aRbRSis i@afeaged to
reflectivity. WO 2005/ 064321 PCT/SG2003/ 000294 24 A42.
deteaping thaupositicn ofiardetectedrinclysion inithe thigkneswudirggiion of the
mhiqh there are a plurality of the caneras and a
93??esponding plurality of the light sources, the
cameras being arranged to observe the illum nated
region of the panel from 5 different directions. 43.
An apparatus according to claim42 when dependent on
claim39, claim 40 or claim4l, in which the
aut omat ed i mage anal ysis systemis arranged to
determine the position of a detected inclusion in the
t hi ckness direction of the 10 panel.



