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Wopsesensed for detection of inclusions in gl asscid®bvés000294
4—ef—tehe—|—went| on The present invention relates to
s for inspection of transparent

tu
”“m|||||mﬂmm"mmmhnd | n partl cular forydetecting faults, such
si ons" 5 in those panels. In particular,

tibesst nvent i on rel ates to methods and .appar at us whi ch
are suitable for use at a site where the transparent
panel is IQc ent of a bU|Id|ng
However, tHENRS AIYADE JQF detecting ol indusigng
appl i cat| ons for quality control during a transparent
PieRedf thansyationr i ng process. 10 Background of
nvention Transparent panels such as gl ass panels,
: espeC| ally panels of toughened glass, are w dely

EheIRsgeent invenEen relates e umatheds aned apparasus sfoa lnmfettlon of

ttré’nsdef?éﬁteﬁénél]@e%ci fh Qr‘ﬁ%hléroiro yes%(g{ngsf?ﬁftg N?cszés "inclisions"

part'1 cul ar ass eI s are

5  iSuhphé pangls 8) plartujutan thBlramhtxmtnhr@latdefte&héthbﬁ@tdrtdsépparatus
are not .carried out, the N ckel

‘éf]\&ﬁ.ads %Uﬁeb'sﬁﬁaH%e R siguwbere the Frangparratipgnalss lacgted as a
ESrABbNER of ABLIldNey. HIASSvErBYhE 'Fﬁéth@&s %Hrbp(b%rr %' rﬁhy ¥lso have
di sastrous consequences, both for people I nsi e
anpRjisatipee fouiqualing, convel ohuringea giransphareahezrel manufacturing
éﬁ’%g% checks far inclusions and other faults should
performed during the manufacturing process for

quality control (QC), and also in-situ once the

10 Pacaireund ef Invehéibhed in the structures for quality
assurance. Several techniques are known for testing
gl ass panels to observe inclusions. 25 A first of
Tlfa?t%ﬁaf@t‘;‘)bﬁé@sddﬂsé’aeﬁlbhggnar@é rd Ig paHel oftoughened
m croscope (e.g. a portable mcr cop scanni ng he
glass.careyridely qmp@[yeg@n highbyispsitmictures, and there is a need to

inspect them to check for the presence faults. In particular, glass panels are
15 subject to Nickel Sulphide (NiS) inclusions and other defects (faults). If such -
checks are not carried out, the Nickel Suphide inclusions may cause the

toughened glass to frécture, 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
20 performed during the manufacturing process for quality control (QC), and also
in-situ once the panels are instalied in the structures for quality assurance.

- -

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

25  Afirst 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

*G00002*
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manual |y, or automatically using a CCD (charge coupl ed
devi ces) canera and inage processing software based

wonoes/dshisgshol d. Unfortunately, this process ~1Jdi%2003,000294

frer reerr e vl 110100 ~11~ *@00002* WO
2005/ 064321 PCT/ SG2003/ 000294 2 is very slow, due to
the limted field of view (F and depth of focus

(DOF) of the observation prdcess. Ni S is black/grey

in colour and only reflects light weakly. N S
inclusions are therefore difficult to observe agai nst
the generally high intensity of background |i ght
ba(maldmy dueftbdbeilioﬂgdaﬂ&lld Qéa'tetve(ﬁ(h\g) afd degtit ofSoduse (DOF)

SR NN T RBLLE RIS D Dol PR el
waaklynnwmdusnms atmﬂhegéfbré ammm fotstberid s gaiast ﬂhaejanerany
is very difficult to observe the tiny da

h&ga 'Uf@ﬂé\’ﬁ!é of ha@lfge'oua% aabi/@a@@dobﬁs reflggtiens and ﬁn@tt%rmgs of light
Afe B SR cob 3R R SLORLARL BERBIIGS Blacs pancis
anprirded emltH blgbk idots tooredute dines intansityt cbf&umlrgb’etrTrSSmltted

tect 1 ncluslons

P s PSR e i e

FRAAW FRRGRS BHUSEE bPBhd BbfEEd somewhere el se. Thus,
such techniques are not suitable for in-situ testing

and are inconvenient even as a 15 part of a QC

BRIl R 3t Phloat TG IRARIN HER altelith Elre.ass i

phot@ggé[:&mi mmkmll@ﬂdﬁghﬁ@dbﬁdﬁﬁt\s il thedeaek i hedynified and
scatﬁered back towards the front surface by the

Viseplisprinegdda datee 'B?'Uﬁ'PQﬁt Ie@wgfeﬂ@drmeﬂérta\la?ruowte
%H%Gm'aﬁﬁffeéﬂc%‘énénﬁsﬁ R g?% %% %o%ﬁ&?rel@rﬁ'm\sesuch

of theé panel towar t ont t he pa
t&ﬂhpmueﬁ@rem@ieumblesfbgmamw tmkiag ant gresrsddrivenienbeven as a

Eﬁ@f"ﬁ?@ﬁ @§%|@%%r| gﬂal ;lSIzg and .dept h of the

Thirdly, there are techniques in which coherent laser light is directed at the
front 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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However, in this technique only the area of the panel
illumnated by the | aser beamis neasured.

whwoodiensar e, nost of the energy of the |aser igm&t085000294

utilized, and either conpletely penetrates the gl ass
panel, or is reflected by the glass surfaces.

Furt hernore, contam nation og ei ther surface of the
glass can cause light scattéring, which induces noise
in the neasurenent, and hence in the inclusion inage
obt ai ned. WD 2005/ 064321 PCT/ S&003/ 000294 3

Fourt hl there is known a techni que enpl oyi ng Raman
Epudhl Noé@é@jﬁ kngwn gripenigue gseployigg Lféaiaampacuw@cmpy, in

I
T 0 Al SO OB S ol
spauied devicByis usedmarthegietét&o:%mﬁtaﬁp@ﬂalm Sdedrum. By
rreasuredéé;eﬁla anel with_those of speci fic

CUBeAYRe P REAIR Ob R mﬁ%wgf’&&aswl yathnihgse &f

Q@eélﬁ@gﬁbitél%bs tﬁ@ﬁ'ﬁé@%‘meﬁff@ﬁcﬂﬂ&oh@%ﬂ&?laQQN’SQanybe identified.
lows this technique to be used in a abor

H@W@M@é Areserddechraiogy oolycllowsolfis tebhnrnuertplbermuoamua)n

%&gﬁé&bmg Ehdé%rlt hgguér%tsl |ﬁ§§lf ﬁt@%ﬁiﬁ;ﬁ%%%&ﬁ%@k{lgq@hons For
this tesssionnit is beftdreguitddato rheas@ing thet dothpddiitest bRVidshR

8J as nel 10 which may or may not include
REPVRIPAHRCIUSIaNAriaerdhan flr amVutRliiaspeptien of esalass panel
[ w and useful technique
w@ﬁ%bgg{&#ﬂ%ﬁpﬂgpﬁﬁgﬁgogﬁd other faults in
transparent panels such as glass panels. -In

articul a%rhthe ipvention ainms to provide a technique
m&%ﬂg@ﬁor use in situ in a building, such
as a high rise building, where the transparent panel
%O is enployed as a structural elenment. However, the
h%@ﬁ%%qm In\@nﬁeﬂ aimnite gaovide ehnew eadpiseful teghhiauaéar -
?g%lrclhﬁgﬁr:;é%ﬁorﬁ(éﬁ& ottt HuS inPRabsdreft R such as glass
panels.

In particular the invention aims to provide a technique which is suitable for use

in situ in a building, suc\h 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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process. In general terns, the invention proposes that
a light-transm ssive interface 25 including a

w63 Rldsg, material (which may be either enti reIIy sol i

sem'sold (such as gel or jelly), liquid, or 5\7&?2003/000294
gas) is placed in contact wth the transparent panel,

and that a beamof light is transmtted through the
interface into the panel. |# the panel, the condition

of total internal reflection is fulfilled wth the

sel ected coupling material and designed geonetric

shape and 30 incident angle. The light beamis total

e ramall Z(prb physet edtran thdrpaselr asasttel idi®cdl intercept
2005/ 064321 PCT/ S&G2003/ 000294 4 ganel and propaga’?

Wl‘lﬁ'%sﬂfé’tbﬁrﬂ@fecmnletaﬁésqsmmf bl vaitatest, cagtieaves the
ﬂ)é‘r?élu?h@ rg(at@q{;éésjﬁ,{ echissedle *east ~some of it is

scattere pané This scattered |ight
is then observed 5 Because of total internal

LTS HiBteb iEmal Feaienniel R fardavel ajest Ablanceo
\ﬁ?ﬁ@lﬁ‘tﬁé painke Tl Method ﬂhﬁ%%al@éseﬁ 8 sxél@tgg%%rerm@ Blatively

single time in contrast to the
larasy arealof theeagehat @ single timghin mm@eﬁtcbghet meth ausl desicdbed
%5 ther faults is very easy to be observed or
et ed, because the scattered |ight makes the
defaults and inclusions stand out |ike stars. :
_gheref no magnification of an inmage i s necessary,
ke pRa ﬁ?fé’qa'l*ﬂht&epa% oy thednirejor Or&tlaprrfaueémovey easy to be
PSTLTO MBI, LePaho ] Flael TghP HRRSHAE RN
lnakléd)rswéandibuhhkﬂgsltacsaﬁlﬁTeaefmayncahmgrhfmaﬂmd)f\dnt iMage is

.of, t h nve These features nean that
A8 G g BRelcBkeR L B ot 1R P RiPE PR mgsgation
|srrequ1reld examRaiith Spe@nicophl widekd, feiRdiusbrRasi ofeR be
%P bui | di ng or ot her
visible to the naked eye, although cameras may also be used within the scope

of the invention.

These features mean that the present invention is particularly suitable for use
in situ examining a pane! 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 stfructure.

Furthermore, in contrast to the laser scattering technique described above, a
much Iarger 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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20 construction. In contrast to the Raman 't echni ques
di scussed above, the existence and | ocation of the
inclusions is typically obtained, rather than their
chem cal structure. Furthernore, in contrast to the

| aser scattering technique described above, a 25 nuch
| arger area of the panel ("field of view') can be
simultaneously tested than sinply the area which is
illumnated directly by the beam Al so, because of
the total internal refractiong all of the |light energy
wi Il be trapped inside of the panel. Only when the
light strikes on an inclusion, the scattered |ight
exits the path and thereby exits the panel. That is,
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pomeed iSgeondipuiteyt thedighf leakabep theviativast bflthe imddeshe h|gh;

very in aver | o spection
speectﬁ é@é%%ﬁg‘?é Bn%ﬁti’ég‘kﬁ Iﬁ&ehséarﬁaé’ﬁ &5%‘%&&9@””‘1 bt the
comhaiateaﬁftmélpame‘rages is high; all the defects are
bright points |like stars agai nst the dark background
of the other area of the panel. As noted above, many

t r mgnnecbabommmrw frarspacet papels rmmbaoat;irmfem patiedt) sush as

dot s on ide o that _results
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under these circunstances.
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polymer, which is capable 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 lighi from a light source into an interface in contact with the
transparent panel; the interface including one or more interface elements having a
body of flexible material which is pressed against the panel, whereby the body is
deformed to increase the area of the panel with which it is in contact, and further

having a refractive index higher than the ambient atmosphere, at least some of the light

passing through the interface into the transparent panel and
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Al so, although as noted above, the invention is
particularly useful for detecting 20 inclusions or
other internal faults in the panel (e.g. cracks, air
bubbl es and other foreign substance),. it may al so be
used for detecting surface faults such as scratches
or dents. Specifically, one expression of the
invention is a nmethod for detecting faults, 25 such
as inclusions, within a transharent panel which is
| ocated in an anbi ent atnosphere, the nethod
conprising' directing light froma |light source into
|nter6ace @Pntact with the transparent pane

¢ hBIGPREAVL, within, PUiRIRpat RanehaloBg; fPai é(‘@éf%l'f@ﬁ’eﬂitt@nal
haxdfiegtion (ThRp r@illzfeh exthel srfaBé of tHal tréﬂéb%nt é? t
or’me O

~agai nst thﬁ\@? Pg wher eby. t he bod

i ncr eas® a5t some éfaﬁEY afilig t\ﬁﬁ@‘iﬂﬁed tbyi thei faults and
cosxkiting theggahef. ur t her  having a refractive index higher
than the anbi'ent atnosphere, at |east sone of the

51 ght passing through the interface into the
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of | |%r]t e cattered by the faults and exiting t he

panel . PGt ernative expression of the invention is
an ap;aanratbdace‘ iocludiey @ot ionmofaintdrizice entdhtiBaving a body of flexible
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conform o thg:sudate ghthe paoelcand fLehemrhdviriger ifeﬁféetl\jenﬁdiékdﬁ@@br than
e . | ene

AR PR P8 GaBh E B S e P rc

agai nstthnesopmeeslupbbﬂnhéaﬂmfbﬁld&ﬁﬁ fRigh? f
?F’“rf ne 0&& [foe fur&L dh SOL%Q i 5" Bdsfional
ergt&qqsﬁ grsqcha{( at when the mterface 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; and

a detéctor_ for detecting light scattered by the fauits and exiting 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 embodﬁnent of the invention;

~ Fig. 2 shows schematically a second view of the embodlment of Fig. 1
in which the Ilght source is a fibre bundie;

Fig. 3 shows a second embodiment of the invention:



the anbi ent atnosphere and transparent to |ight

generated by the light source; |ight source sSupgR®fAG2003/000294

nmeans for locating the |ight source in a
relationship to the interface such that mﬁge% th' ovember 2004

interface is contacting the 15 panel, -1ight generated
by the light source is transmtted through t he
-interface into the panel and propagates within the
~ panel along a path where total internal reflectionis
realized at the surface of tH&® panel; and a detector
for detecting |ight scattered by the faults and
exiting the panel. 20 Brief Description of The
Figures Preferred features of the invention will now
be described, for the sake of illustration only, wth
referenq;ﬁg QOWh’aﬁ |§ é&dq,gcyyeag_)ff[:i&ur &) tbn4 sﬁgws s*:ﬁ?rﬂéncally
Prlnmp e un erl yl@tg
mJE‘ﬁW@fﬁ"t oroas g NjS inclugiemar ﬁféfmaltti\ﬂtﬂalllgl;lt in theeembddiment of
Vi o ﬁé‘ﬂ?ﬁ)@ﬂ fo e light
some |an]B§xf| bret%iﬁrﬁgﬁ"% b:iélﬂed %y Sl;J]ové\’ﬂ:'l é:%g'éﬁéjg
enbodi nent of the invention; PCT/SG003/000294
Recei ved 24 Novenber 2004 6a Fig. 4, which is
conposed of Figs. 4(a) to 4(c), shows schematically
the interaction of an NS inclusion or other fault
with light in the enbodinent of ‘Fig. 2, and
experinmental results obtained by such a technique;
Anmended Sheet | PEAI AU WD 2005/ 06432 1
PCT/ SG2003/ 000294 ti

Amended Sheet
IPEA/AU
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invention; Fig. 7 shows a fourth enbodi ment of th
invention; 5 Fig. 8 shows a technique for using the
enbodi nent of Fig. 7; Fig. whi ch is conposed of
Figs. 9(a) to 9(f), show a further enbodinent of the
invention, and three variants of it; Fig. 10, which is
composed of Figs. 10(a) to 10(c), shows schematically
three_fornms of the invention; 10 Fig. 11, which is
conpo§&d @mefgbf& Colllre%@ed@fclr'gi(fﬁ)a%mﬁ@)aexmamhelrmcnples

tail ed Description of
tﬁﬁg&yﬂ‘ﬂg |rre lﬁ]gﬁtsfég\r&ﬁ?%\%?';“?sﬁfl y to Fig. 1, the
over aFig. §tshwtsuaehlai emboenmﬁtldf&héflrﬁ{erﬁlﬁtﬂ I 15 Ced b
i nvengi o ISI|| rate A beam o ig emtte y
a IigE ? ”@ﬁ@&ﬁ}i'm%”toqfrt%t”@@ﬁ tieho an

i Nt er FRC® SRR étéaﬁmgte R WS PRAG PSR of FighH o

is in contact with a gl ass
i nvestigg&t wlChTIS@qnmeﬁeﬂam‘é:l@sk éitahto 3(fhabow géutral | y

wh din the
gl re@rﬁ%rf&ﬁﬁ%%%ﬁ%ﬁ %%% Hrgg a('gp‘ %fe desI a flat
g; rf gfgsz gwgﬁi;hf |B~°ctolrr]rﬁelﬁdgs:eg§g Fg%éﬁ 210“(3}5{6913@(05 OSHIW® schematically

%0 RthedBYaNtian: t he panel The beam 1 passes

PO 2k Pnichtis Bniios2ord a?%?“t(afa”%’”q HeEobS ABhgen:
Snﬁlq)dlrgeratsﬁtbamerﬁlo(tdl scussed below) a 25 portion 7
nel 5 and a portion 9 of the

Seah ‘ 9 odipeNBeam 7 travels in a
zi g- zag path through the gl ass panel 5. It neets the

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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surfaces 4, 6 of the glass panel 5 at |ocations where
t he interface elenment 3 30 is not present, and at an

woghocip t he surfaces 4,6 such that it is tot

WO
200- 5/ 064321 PCT/ SG2003/ 000294 8 internal ly Bdris s nonzos
refl ected. This neans that - unless the beam
encounters a fault, such as an inclusion - it wll
propagate al ong the panel unt®l it encounters the end
of the panel or is absorbed by the material of panel.
The beam 1 and 7 is ideal line which is used to show
the principle - howthe light is coupled to 5 pane

amerrely refiectet ghhisi rhesnd tat Lnimesathd BEARERAuhRrd BSault,
panel The, epbodi nent_of Fig 1 is shown in a different

BUsly asrarEinglusion A ityedrepadaty imong the panginmtibit edcoyntears the
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%é"éhhoé‘mﬁéﬁttdf ‘Flgjﬂ\@"sﬁﬁﬂﬁ% a-Ehﬁ'érerﬂ %W M lelpngl A beam of light

portion 17 of gl ass panel I's 1l

idl lﬁ@eneratﬁﬁtba/ca twtasw%n%whlm;s m»posmohed thaitheideam 11

.ha. Ho h

4081 B0l 4 Bl e Red 335 PR Bk K55 oane

. aﬂmercaﬁémnsafo‘emeenﬁhly vizRr aow thawedf agl 1 ﬁéﬂﬁa?ﬁfé?ﬁgthrt] source
Ing W

nents of t h ht beam 15 exten
1%2% @’ ﬁg&"dﬂeh\é/ by gencsates a bohibeargl ids withanlittle sivergence.
I
tepn%%d Fﬂgﬁtﬁérgﬁi pc:SrﬁBheI(?t d)fgﬁez' gﬁ%%%%?wﬁ%@qse lﬁn‘&ﬂ%m%@g i fot
diaritesldo epsloglajlme &s1t satbedipchides| theiditiee yoluene shavet skaded.
sab to 20 conformto

roug%megstsh ent{ Eea”& Lagga'ﬂ%ﬁ}g the beam, GRIPUIBS 8@@%6{2}?31'“ 1is
Imekm?duﬁm‘rm&marmw;ﬂwa(t lalléhe D@l @@fﬁﬂ)ogéﬁ%%f tllﬁ’é light'beam

a sdb %he |nterface elenent 3 and t gl ass
%‘a‘%‘é) g wntEm edanalsuBeet thesusiacesst. & atanglessudhdihat the
46 iRl AdfRctih RRMiizdd

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

9, thereby making it easier to move the interface element 3 when it is desired
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25 Alternatively, or additionally, the interface can
include a liquid |ayer between the interface el enent

W@ 2003064338 gl ass panel 5. The liquid may for eramsceodd@o0294

water. This too increases the total contact area (i.e
reduces the possibility of air gaps between the
interface and the gl ass panel, 5). Furthernore the

liquid may lubricate the coritact between the

interface elenent 3 and the gl ass panel 30 5, thereby
making it easier to nove the interface el enent 3 when
jt.is desired WO 200- 5/064321 PCT/ SG2003/ 000294 9 to
I%@ﬁ@%@f 3 differentasnp ohfenglaps prREehd abys paneibility istilfusirated in

I I d,e t
FRREOR Chdiehl bR by FEPE PR SR o
sounceel 213 arsbeddeediddte imetfhee ieteree iy avigtie mpet rdt have a

hav t
bl Brhar e Betrara oy Blesofl BORREL)s WRssal SemsPnibe
Rltema eRnaid ARy ﬂie?;gsspéﬁﬁél 3.A thePB&ARRA g'I’Bt(S'F@INn can be

shown) can be provi refreshing this liquid

PEgyigedfor éefgesmn@ gy ligwdrayerP .puapesasvoir m:duanlump for

e B el RBERER o B8RRI eLis B the
Bopidl f @mm%ttabhemmaand\@ﬁ\&rddménttahﬁasaﬁbmbféethbt e
Fi g. g ticularly suitable for uselnquallt
EE%PPHF%E ‘ﬂ%{eﬁ 5t parfigulgrly sydablsfae ise roaulity 6anirpias part of
@ﬁaﬁél@o@\ﬂmﬂ@k show schematically the

|nteract|on of the am 17 of light with an inclusion
10 in the panel 5. Fig. 4(a) is a view from one edge

I b I [
Plonsrad SRRl hol sehBatgly b freratitn Splhedibaryiz. o
lidtet \gittaas |mcﬂu$lbrh uoiin#ePandine FIQ%(@?I@Q%@Wﬁ%ﬁﬁBﬁ@édge of
@%E%?:‘nc:l dent ht. The scattered is easily

RRAdwhe Ea 4 g 2 \69Walﬂolﬁﬁg é‘PW@EdS gng of theausfaseart, 6 of
ﬂ@sﬁéﬂér Wﬂeﬂﬁ@gésé'@iﬂ rgéteg k. lh@lﬁs@ﬂ?eﬂo Seatfer the incident

I's an experi nent al ervati
hﬂhinﬁhe isoattersiddight ¢s easilytdbserverhor dsteatede bgdarbybsetver, for

gé:rlpﬁge S° oBRESAE 8nt ther'Sided or S?Eﬁ/eeéar? 5a lrgl. g?ct) ISS ggt
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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20 panel. The sane visual effect would be achieved in
the situation of Fig. 1, in the case that the

wionebhissisey 10 i ntersects with the beam 7. Note

that w thin the scope of the invention, the %@?@3?3/000294

may be on either of the sides 4, 6 of the panel 5,

since the inclusion 10 scatters the light in all
directions. 25 Fig. 5 illustr®es the conditions under
which there is total internal reflection of the |ight
beam 7 in the enbodinent of Fig. 1 (or equivalently,

one of the beam conponents of the diverging beam of
Fdlrgactlgr)\ in wihich Beahearnoivsropagates is nienotaxhby BheWhen the beam 7

|nte ee¢1 Ent 3 is selected such that its
T@VE c‘t‘?tﬂé REass ARd epgoytars aitherswiacertaer gt tie glaes in the
@na?eﬁe ReEe ' '
angl e of 30ntt53hregq%e§{r]n®mgntﬂte E’(-elg{g?éésusrsi Fsshtg'gn%ﬁ 'cg?%}tglg which s
sepotgdas 6wi ng t he refract| on, the WD 2005/ 064321
P /| S&G2003/. 000226% g % tion in which the beam 7

r sPAgRYYinglyy gl inWan GaNe thakihe begmyanests the
lsﬂﬂ’aﬁé 4 e eﬂcﬂ:%ﬁnoﬁ Iqt fae
o the %I ass in nﬁhgﬁwﬁﬁﬁfﬁ%{ﬁdgn{n gﬁr‘it%@t:ﬁntﬁ @ﬁ @ﬁerface

d@@i@t@ted by Obe Toeiincidant anmé whemtﬂrcbm is denoted by i,

denot ed as O 5 Correspondingly, the critical angle in
the case that the beam 1l neets the surface 4 at a
leatding tovBee'stibe sitefrastort ttscdnrbée&'i@%tﬁﬂtt h the
interface elenment 3 is denote e I nci dent
angl e when Or=Cc is d:‘enﬁlﬂe(lﬂ/b}b CP According to

"Snell's IaW of refra |on it can be derived that:

10 G ' =sin-' (1/n1) =S e Mihg/ ni ) When 0: ' <q <0, 1,

Wigerh ioghs <ty | thebﬁgl‘it'\h cheeglrec%e Hf_f . | §§§\%'Pm‘a propagate inside

propagate i nsi d t he ass wth

e gmathﬂeT&se illustrated in Fig. 5(b), is that
ni<ng. In this case, when O _G'=sin-1(1/nl), the
light will be directed into the gl ass panel and

Pirogikgdlative case, illustrated in Fig. 5(b), is that ni<ng. In this cas'e,' when

eizei’_:sin'1(1/n1), the light 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 inteface
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{> n,, n,< Ng, N1< ng, where ny, n; 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);

6i1,612 - incident angles,
0r2,0rg — refractive angles,

611, Bi2’ — incident angles when Org= O¢,
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inside the glass with TIR A third case, within the
scope of the invention, is that nore than the

worpevidsaze 20 may i nclude nore than one interfp%q%(;mmmwz%

el ement, 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 anal yzed | ayer-by-layagr according to their
refractive index follow ng the above 2 steps. The
followi ng conditions are given as an exanple, nl> n2,
n2< ng, nl< ng, where nl, n2 and ng are the 25

refractive i ndex of e dia_ 3 an | ass. The
rel evant paraneters taGrge— é@%ﬁ?ﬁ@%'eﬁomcﬂqﬁ%\@,a'w th
reference to Fig. 5(e) —%ﬁti&gﬁpglebﬂghﬁ%h@é@&'é’rément 3 to

Or2,O0g - refractive angl es, - 1 ncident
angl es when O g#qad,lay@ )05/ 064321 PCT/ SG2003/ 000294

- rtigal_angle fromglass to air, Oc, -
%%clzc?laénaq %ﬁé%@gfl?\@’m interface elenent 3 to liquid
| ayer 13, According to Snell's law, 5 it can be
derived that; 01'=sin-'(1/ni) Cc,=sin-1(n2/nl) Wen
'8@?3&9’1@@1‘“?dm§ light can reach the gl ass panel 5
t hrough prism 3 and }0_Layey,.13, and w || propagate in
the gl ass panel 5 vvit%ﬁ %]?R%L/{”)lgts surfaces. At this
point we will consideg=she'(ayargy | ost caused by
reflections at the bounda:% of the nmedia 3, 13.
Whehr BB Ter, Hhedliedt 'canfreashithe, glase ppaehks Itefoughdorism 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®(8, -6,)

" tan?(6, +0.)

R = Smj(el —er)
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 refiectivity 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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wo06d638:t0 O, R11 and Rl are near to zero. 'I;JE

perpendi cul ar reflectivities are, t al | (0; -01) R
- tan2(0; +0r) _sin2(0.-O) RL sin2(0 +0,) 15 Wen O
means when the 2 refractive indexes are close, 1%%gmnmomw+
reflectivity is smaller. Wen the two refractive

i ndices are the sane, the reflectivity is zero. To

i mprove the light coupling effdciency, a defornable

solid interface element 20 with refractive index

approxi mately equal to toughened gl ass can be used.

The refractive i ndex of toughened glass is

Fpr exishvhel ¥ hikl idmbsEmanti & ehe SH@&{tTonTFFQreﬁ]Bbél]ment is

reason, silicon rubber, which has refractive Ind
sppiivsteddietye obaevationdhat, sabnetechabovainn ﬂ‘nayfrtsé and second

SUETHErsES Bl S adB B i  Pedtlnclse 4 Wevgace ¢

aftthdi pamt ad thdddany tTien. [arfer thenheidemeangles the higher the
notiv the observation that, as noted above, in

ARy r%‘fj “Q%Td reflectsth TRwboli thenthird ephadingentoagf extaaded foot
| .

'ts@gtlléolrz %g i gg&%lﬁéﬁ s fh‘?fg&e{ﬁje&% {%-sﬁ%EEQQ&eﬁacg element

andihe, lightcbenrgiikis lterﬂlecﬁedalnm}ﬂtovmml thg lylagseparesit 2df any light is

Ko e SRS R % RS SRR 1900 1, i may be

peflstted WﬁdoWﬁfdﬁtﬁ@?a@i paRALS a§ammethle athttsceesmoR. i s

reflected back toward the glass panel” 5. |If any |ight
is further reflected back fromthe surface 4 once

R Ra st @%ag?niagdln‘\éntga%es@?ﬁeaeéﬂ gﬁjet Plgg#iéfo%nqgnt 3 was

the gl ass panel agai n
generally prism-shaped in cross-section, it may alternatively be provided as a

flexible sheet of deformable material (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 é location where that surface is not
in contact with the glass panel(in a way similar to the propagatlon 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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10 Whereas in the embodi nents described above, the
interface elenent 3 was generally prismshaped in

woroeseaeat i on, it may alternatively be provi delQ:I‘?s%zﬁos/ooozw

flexi bl e sheet of deformable material (e.g. silic
rubber). Such a fourth enbodi nent of the |nvent|on IS
shown in Fig. 7. The incident light beam 1l from 15 the
i ght source (not shown) entet¥ one end of the
interface el enent 33, and then propagates within it
as a beamwhich is total internal reflected whenever
it encounters the faces of the sheet 33 at a | ocation
where that surface is not in contact with the glass

CIRSHEAD, B SR o e LB EReS  baneciv
aloaviay/sh2et Yheantiweadgados tﬁ@&ﬁtﬁe ef ﬂP@rlﬁte‘HfacEr@ement 33.

interface el enent 33 which is touching the glass
panel 5, the conditions for TIR no | onger apply,

ef i ces
gyt L SR e G2 AE Lh  »
trolter 4% agishewnt ineFigi @tFlgna%(aé;ﬁs lam‘o? \h?ﬁ oA @lfl@odh‘ftﬁgslookmg
rface el emen
1fafeR, e [8fackr 4 f%?igl%éﬁtypg%%lgéi Is hE() e View of the
@lhl@cbdllﬁﬂen@fffdrﬁleﬁ'l’t%étio% 8 gl eé‘% e’f'é?’(stf?éccricfally, at the

optionally an object (e.g. can be :
odesn of eg. |9(ﬁ@r fFa@eQ(en)mﬁ etandmnentf sibén froni acposﬂndrhat the -

30 sho b

@?‘g\%lfc e ap 8? 4&3‘]{ LIS Prane \%chlg ?‘M‘S‘Qh and its
Mglmﬁmfﬁﬂ@w%ral)eliia th@p%uﬁt@h?i/ the g|af@;'s:%§r:ﬂc§/|e5 Ofhélaxis is
I t eakage o are
gl %9 ﬂ?f’egﬂ éﬂejawo&le%a'aa&a %R Fireferahlyi atdeast anreend of the
roneard %Ct@otQa?r@tﬂtmé%adﬁTdsna ﬁ@Whl(ﬁ*PJg U\F‘EBy tid'§ashed lines
role of the interface e I'S per

in Fig. 9(b): that is, it includes a flat portlon 431 and a frusto conical portion

433, both being rotationally symmetric about the longitudinal axis of the roller
43.

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 tha_t the contact area
between it and the glass panel is not just a very narrow line parallel to the axis
of the rolier 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 Iig'ht 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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roller 43, as showmn in Fig. 9. Fig. 9(a) is a top view
of enbodi nent, | ooking towards the surface 4 of the

wohashepanel 5. Fig. 9(b) is a viewof the enmpodinent

froma location at the edge of the pane

(speC|f|caIIy, at the bottomof Fig. 9(a)). Fig. 9(c)
is the enbodi nent seen froma position at the 10 right
of Fig. 9(a). The roller 43 h an outer profile which
is cylindrical, and its longitudinal axis is paralle
to the surface of the glass panel 5. The axis is
parallel to the left-right direction in Fig. 9(a).

Fir #iusr miolving thie $tepsA7 @ng. iertbe afirettion indikatel by the eﬁﬁ&ws in Fig.
%‘I%h%'?f?# |nstead has a profile which is shown by t

zg in Fig. 9(b): that is, it includes a

flat porti on 431 and a frusto-coni caI portion 15 433,

both being rotationally symetric about the
IFiggi Hetn QI skiw wariarte of dhé ereviads embadimenbdanllicases, the

Vel S TRYeEfn o FhelR e erehoRdiisa e B

roller 43. Thus, this part of the portion 433 20 acts
the prismshaped interface el enent 3

a pri
g%é%fé'jgglt%#é'gl Ol 'rbt%ﬁwﬁr'@rafs@e%mbﬁd@@ﬁ Fige 9(e) t@d(c) the light
t I Br I I l.er
it e 8 Ol LRI P iy oo
ﬁﬁ'@ﬂgﬁl’ﬂsl‘ﬂ: @fﬁﬁﬁ@ﬁ Y4akt 9(cptareadditibnalindliehso ¢ Eﬂﬁndw&innected

5 REloEL3 Y KSR 8 SRt £ T, e roer
perqeertst mnearoxebrrta@tgl@é”s bAn&-5 ARilk ee I}iﬁhtdsgymtﬁ 1@‘%§‘n‘\éiﬁtamed

in Flg 9(a)). Thus, a strip zone 47
RPintin b%aiﬁ'x%ﬁj'ﬁ%@tm Those incl usions which, at any
nmoment are within this strip 47 wll scatter |ight

out of the mmjor surfaces 4,6 of the panel 5, and sone
dtirning ¢o Fsg:e&(ekaedtﬁeir yhtianisis @heanvettha e beHEENE th Fﬂj@@(a) to

S 0 Gidhe iAsTRs Rema Ba SachbdbovBk Sups dbe outer
YR 80k TR A0F280cchtal gl Y. B e rter
P rONSOW Eoﬂ:p\g (i.e. the element 53 differs from element 43 of Fig. 9(a) by
the central cylindrical portion having areas 431 at its ends being removed).
Inside element 53 is another body 56 including the light soufce. 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 flexibie (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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9(a) and 9(c). Figs. 9(d) to 9(f) show variants of the
previ ous enbodinent. In all cases, the 5 variant is

wehoovizewed in a direction correspondl ng to E‘C@/SG2003/000294

9(c). Referring to Fig. 9(d), in this variant of

enbodi nent Figs. 9(a) to 9(c) the light source 12 is
fixedly nounted in relation tg the roller 43. Conpared
to the arrangenent of Figs. %a) to 9(c), an
additional roller 50 is provided connected 10 to the
roller 43 by arigid structure (e.g. a triangle of
rods 51 Thus, the roller 43 can be rolled over the

q 4ddenzong 15 (@Bl enemethanghelf f theesulstantiatyi fintaiegizh at the

ed direction. Turning to Fig. 9(e)
gir?(ﬂampg{/riae?rl"g%?v?ﬁs shown of the enbodinment in Figs

9(a) to 15 9(c). In this case, the interface el enent

f
13, RYeriBou S ieyBRe 5 oBsrinBFiopordiominaiagyby a light
diuréheor ohé afide 5é’nI¥S a@,olﬁd"@étbev"séHe)n?%uJah? h%cﬁ{'ﬁttoﬁrgrds the

dlffers fromel enent 43 of
Paneh d'lnl Eig. po@i wrherava ri@l'ririe%nnleraers tas gleisgs pheéinthrough

3 bod
|Inc| gl ng '{nh"ﬂl?:sdgn 'Ig‘{ﬁ%gess id%ganoﬁﬂé)fé@glgéﬁseﬁ)a'@ However
rtbdal isventidrhds smmtf detedf il hBisO respect,28Ad | Wilhih ﬁ-;géréfcgﬁésof the

rte kee oi nting at_the gl ass panel

30 et st nsiSih By s Tuireinatnsh Hotncaii et of clferent
r t BRaOh@sS ur I D
yogﬂte@gdr)]rgfhgﬁg egﬁgdltﬂ%n tﬂsﬁ? cF]rSfoura }{\E/]%rplgé%r?]pg% {: I gé@ shows
schematicalys anggayngemeuj in svisiblovam a?Fdna S?eobﬂmﬁ gwh ds pasel 5 is

cone _rubber ichis
Al Bl<t, folifolh eunEitoobhedute fud hapipe T igpnersied by four
|re$;mfd11|&b gy BedS (ndd Ehowrnf WHicH %até?rkhgeél%%atn%?@ through
ht source 59 generates light in a line,
é??@%&'vﬁg‘ﬁ%?ac& glemerls ¥ dhanclements of Figf ﬂOfb)gWhl(ch) are not
[ odi nents of Figs. 9(a

C‘*’ré@&ﬁt ,"(‘-)sptc'agt e Bl o BB e a3t
PCT/ S&003/ 000294 15
In any -of the embodiments described ab_ové, 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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a W der zone 17 (e.g. nore than half of the
substantially flat region at the bottomof the ring

wWo00s/bd13iihe enbodi ments descri bed above, the i /§¢408§)000294

is illumnated by a light 5 source to one si
as indicated schematically, |ooking towards the
panel, in Fig. 10(a), where a |ight beam | enters a

gl ass panel through |nterface|6el enment 3 and

illum nates a region 17 of the glass panel. However

the invention is not Iimted in this respect, and

within the scope of the invention the inclusion may

be ||I [ um nglt ed from any nunber of different 10 :
di"?%gmec%‘% Ry @ cepputensieviaer ctherintager anﬂgsrsemmemay be

émdr ggﬁﬂ}g ?85@'@%}92@51%%‘;’@" lﬂgruggo%emﬁ tmqqa{-g)dvever in
fﬁmﬁﬁ?f&‘(ﬂﬂhl&ilcﬁfeﬁ embatiments dns psigraniniathto RRsgmitate different

respective |jight sources (not
gﬁ@%«%)a&fmﬁ @% Sé’r#‘e?s réf?'g%?bmp% ubblasiremgiplid inclusions based
r es jpeetorvRolNbfihbachze| HaBBtmBrefilbEyif) ement s of Fig.
10(b) which are not 15 present el n F\llI . 10(a) are
shown dashed. In any of the enbodi nents descri bed

alb@;Yl?e 14 AR § ‘?&hﬁé‘r ﬂwb%gﬁn%ryg(?ft Hhe ﬁﬁ?éﬁl%rgsg VW‘Fh I{]}fge are two

i nCl usi ons can be perforned

| igititsauwces rinohshwive) Hreang@R®) gehev¥elight beams 1a, 1b having
%é}ﬁr natlvel he d tection can be performed by 20" a

P?xn%'lt orI it doe oglagpi danek Semdiigh vleropegate in
tlb@fpbhdlbhlaﬁ”@ﬂr@d‘tﬁﬁ}s Aarh %?' c‘ﬁ ﬁ s8ik gn%e?%sg)ec iVe interface

shown in Fig. (c). gred
i $lemant A3 6%@.@@@7 nasdy meap;amél thé peertee el described

K box d bl ock
AR, LSRRG s o8 et oA stesprrtve dScion psy64b. A

@Velsmbltls)oerﬁmm sdettereoMighasthic id H8tekbiROS Y thd detectors 64a,
mtst e scattered 25 light to enter and 1eave It

bp&ﬂ‘&“ S FOHESPRRAIRY; %ﬂ”%u@ﬁ‘ lighdsinciude. thiet mctusporan“ﬂmus the
qmgmm DthaGREsiRY 69%3’?&'&? %‘fttbg rb@rk}eﬁ@?g a(gl o qu bns can be

but it can prevent anbien
qateanimedt s of the invention Whl ch include one or nore

caneras, the

~ 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 knowledg'e 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.
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i mge anal ysis system WO 2005/ 064321 PCT/ S&003/ 000294

waglismekement ed by a conputer device. The | magecT/SG2003/000294

anal ysis system nay be programed sinply to record

t he nunber of inclusions identified. However, in nore

sophi sticated enbodi nents it %Z progranmmed to

discrimnate different types of faults, such as

di stingui shing air bubbles fromsolid inclusions based

5 on one or nore of their size, shape and

reflectivity. Figure 11 shows a further enbodi nent of

f"ﬁ@cﬁu eH1§ dnventiopninan hersr @xalainedabaviegit reletiercds particular
AWM r . i.ght beans |a b . .

o RS B afbrbs 78 el YW BiSEEonSatingginvention

wisiwill ber dlpag & e skilletiGepdependi cul ar directions, and

for each light source, a respective interface el enent

63a, 63b (which nay be any of the interface el enents

e cardrfple ' for¥ L Ofid et);

and a yegpé??@ggmi??%re%\%a&%g&% tb%d"l& t/Heenpiliﬁ%’:(ll éslls‘o glass

eanehul mext allerativglyt bena dnanspatenepaedl lof drfegher transparent

- -84 4h when_ t he corre ndi ones of
RGP W% cpBARREadslfo F ST PRReb RBRNR R whoam of
tiget whidtushesuriiérs & safate of thdgaRSPENEh HHGR! of incidence within
directions, can be determned. Fig. 11 (b) is the
SDARRIAPURISV ISR g 11(a). A beam of light (e.g. the
l'ight beam 1la) which is introduced into the gl ass
panel 5 via an interface elenent 20 63a generates

gdsq. tajthagh titet deddriphiopraijmagaises teembedntdctingowanswhich are
§&L8 a..Based on a know edge of the position of
ﬂﬁcté |éc%’ugﬁgn'%’§”ﬁﬂntﬁe ap&ﬂ?é{"&'?i 3 Qthes faults which cause

kehttering of 0hht, iMp&it@ulal Hbis Withinsth i
- obt Si an%I us?gf?; lt:)he gt her dset ectngtr E?fge?%’%gea}ccrrﬁggsa or faults

9BdDe SUiface et therpanglre.g. sealchesins demtecOfte therssi fanits can be
LREAL LA fréMtddhCoHE FRUSAY bh anc R &Ul R 6% al?eSrnatively the can

be distinguished computationally by the automated image analysis 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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Note that all of the enbodi ments described above w ||
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 commpbn use, e.g.;@S construction el enments
of buildings. 30 WO 200-5/ 064321 PCT/ S&G003/ 000294 17
@I#irlﬂgUQh the invention has been expl ai ned above in

ion to particular enbodi nents, many variations
are possible within the scope of the invention

Wi Il Bemelearfof Qeécﬁ@ kr‘éeuﬁ Sétgﬁdﬁ i ﬁs%ﬂg @Fﬂg@l ﬁ'ansparent panel

al though I1n the enb ove t ane
l; i yel ar ent
Ahiehis opARS n ph PRt SniepRee e ey CohbAip:
capabl e of causing a total internal reflection to a
beam g¥rectingglightfiemnh aclighusauses intosanf intesfase inheoptanteiwith the
with an angle of incidence within an appropriate
frapgparent ppanek dhe dnteregey inctudingdens: of marerintafase elements having a
terms_of detecting faults which are inclusions, the
Pedy At ﬂeﬁblpsma}ﬂﬁla?wa@helsmew agaiest theranel, wheseby the body is
cause scatterlng] in particular faults
defermed {o,dncreass) es%réﬂ sth% PRBRIsWith whickuittis in santank and further
surface of the panel scatches or dents. Oten
pavaga reffactive E‘Qﬁx B@histhan e agbieatatMosphsie .« depsbsenae of the light
visual ly by an operator, but alternatively the can be
B?%sﬂfign ?lﬁglet!l‘ec'a a2 tinta e tansRaremtepansl Ghdtrsapagatige within the
g%%5|s system Furthernore aIthow%P t he

[t .paﬂe'aﬁmpea Pathewiere dotahisteseal reflectian iscrealized at surfaces of

ht", this is not intended to inply that the |ight
h?t 3nspaent panet agd range. Rather, 20 the term"light"
shoul d be understood also to include el ectromagnetic

i n ot bisdervifg aRslighYsdabee Dy thelEltaand Bifimflindtdapgl. and
WV radi ati on.

2. A method according to claim 1 in which the body is composed of silicone
rubber.
3. A method according to claim 1 or claim 2 in which the interface includes a

plurality of the interface elements, each having a refractive index greater than the

ambient medium.

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

elements.

LLOYD WISE
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Simlarly, the light source 12 may be any of a nunber

of possible light sources, such as a fiber bundle, a

line-type light source, a bulb or filament, 25 e.g. LLOYD WISE
of tungsten. LLOYD WSE 18 Clains 1. A nethod for

detecting faults, such as inchgsions, within a

transparent panel which is |Iocated in an anbi ent

t rmsgh.ﬁ R? taggorgﬁél?g QIaﬁ'rQ'mﬁ chrﬁq é&lg %B%@%ggl %ﬁ fnﬁastantially

ron1a sourceé Tnto an in a
rent panel, the interface including one
Egﬁﬁnréhﬁﬁggg?ace elenents having a body of flexible
mat eri al which is pressed agai nst the panel, whereby
the body is defornmed to increase the area of the

ganel A%étho&"%'cné(]dfnb th %R%:ﬁ &%an@ aim3A ik thB%he c!?q%rg%terface

a refractive | an~t he anbi ent atnosp

Blen RS incRRYEE a0 a%p%nls' Arfac® aiSha% ﬁw@ﬁigfﬁg Bkb‘?tl n which has a
eh gat iG

interface into the transparent panel

p’gﬁé}h Wy bin-4Rafd P RE&dbn %‘éﬁlwfu{ ze é‘dﬁ’@&lgp \;Mégrée%g}cular to the

internal reflection is rea at sur
i fransparent panel ; and observing the |ight
sl,%}gtp%ered by the faults and exiting the panel. 2. A
met hod according to claim1 in which the body is _
conposed of silicone 15 rubber. 3. A method according

70 cl Al MetholladebRANY fo bRy Wc@&ny@alhnheﬁﬁﬁﬁeth%q%Hg&s and light

a plurality of the interface elements, each

E&frﬁé‘ﬁFé MBved GIRF tH SiMeflo fhe doRion BT iR nel cH |‘inllt?rﬁmated by

A net hod according to any preceding ¢ alm
tmg|h{ace further includes a liquid coupling Iayer
|nterposed bet ween the panel and the one or nore
interface elenents.

8. A method according to claim 7 in which the interface includes at least one

interface element which rolls over the surface of the panel when the interface is moved.

9. A method according to claim 8 in which the interface which rolls has circular

cross-section when viewed in a direction perpendicular to the light path.

10. A method according to claim 8 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.

11. A method according to claim 9 or claim 10 in which the light source moves in

fixed positional relationship with the interface element having a circular cross-section.
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LLOYD WSE 19 5. A nethod according to claim4 in

which the liquid coupling |ayer is substantially LLOYD WISE

conposed of water. 6. A method according to any
preceding claimin which the one or nore interface 5
el enents include at |east oneyjnterface el ement

i ncluding a portion which has a generally

Hﬁ.i SmASM@‘ﬁ\'%g atcOrdih :t%cér{;yggﬂ'gx\%og@%_wagnw&whgzpﬁggiirqtgl%éeo%cludes at

per pendi cular t0

' i, lLatmin which th
RERE0A bR Bt GAEH L R hal G ouer ¢ ne

panel to vary the portion of the panel which is

illTumnated by the light. 8 A nmethod according to

A4 N e el 946 PRg S5l 5886 g o e
Gl MOS0 I o P R amers e
irftbrratelaR el SO of ﬁEQﬁéﬁﬁﬁghﬂﬁg%Faggs;’ ﬁ%\ﬁagmd:bag a coating for

direction perpendicular to

ording to claim8 in which the interface
éﬂffgﬁngr%l%?ich rolls is 20 maintained in a

configuration which is elongate in the direction in
which it rolls, the configuration including a

bst ' ' 1 ~hhe.liaght . .
380 LA Nk by RO BRARE A HSAR ey ol o
substantially flat portion. 11. A nethod according to

claim9 or claim10 in which the Iight source noves in

35, Ti xephelRal hédRdhg rt@'a‘"?\&i GBsttimy Wdid ik r\ﬁrﬂtrg%%é {;@g@ered light is

el ement having a citculaf cross-section

éBsekded By HRLMAH opeRdrdi Ng to any preceding claimin
which the interface 1 ncludes at |east one interface

el ement which is a flexible wave gui de .

16. A method according to any of claims 1 to 14 in which the scattered light is

observed by one of more electronic detectors or cameras.

17. A method according to claim 16 in which the one or more electronic detectors or

cameras are electronically coupled to an automated image analysis system.

18. A method according to claim 17 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.

19. A method according to claim 18 in which the automated image analysis system
discriminates the defects, air bubbles and solid inclusions etc based on their size,

shape and reflectivity.
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13. A nmethod according to any preceding claimin which
at least a portion of the 5 surface of the interface,

other than the portions through which the |ight beam  LLOYDWISE

enters the interface and the portion of the interface
whi ch contacts the panel, has,a coating for

reflecting light. 14. A net ho%i according to any
preceding claimin which the anmbient nmediumis air.

10 15. A nethod according to any preceding cl ai m in

‘Q’G.i ChAﬁh@th?@@cﬁ@rﬁﬁmg gggtcla'irﬁs 18?5’ %5 Ynearh% tﬁ‘%rF ﬁr?n? piurta%ty of the

oper at or ding to any

T S ey e .
%F‘rﬁﬁ’qéﬁ te%bggrvﬁltr?é imlrﬁﬁa{e% |'oﬁt8f Hé}aﬂglefo% (1Blcht directions.
el e ég\ ?%5

ctronic detectors or Fe-el ron
coupl ed to an aut onmat ed |nage anal ysis system 20 18.
A met hod according to claim117 in which the autonmated

QﬁmgeAa}ﬂé‘thB& lagcot qmcla%tﬁrvme'ﬁeoselpgégﬁ’%totﬁe ng/ucgf c;lglrfng 17.t0 20, in

e
the one or rmre g ectors or cane ul't

Mlcﬁhthécﬁhérﬁ { Lrggﬁlérﬁﬂfsrs négtema‘ degr%%sgﬁ% 60%'“%9 (%f a detected

ca|m18|n ed i mage anal ysi s

#@u@iioﬁ%m@tn@kﬁésst cftitl GEASparidl.” bubbl es and sol i d

i ncl usions etc based on thel ?aSI ze, shape and
reflectivity. LLOYD WSE 21 20. A nethod according to*
any clainms 16 to 19 in which there are a plurality of

e r : :
P2, Raehgd Sebahoc a5 ReREIMEoIn T khieK (08 tshGaareny panel i
Resi |l um nated region of the panel fromdifferent
glrectlons 5 21. A nethod according to claim20 when
dependent on any of clainms 17 to 20, in which the

aut omat ed i mage anal ysis system determ nes the

P®si t AGRetRdd BcsbRdiRg teEhy of claims 1 to 21 in which the transparent panel is a

transparent polymer.

24, 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 body of flexible
material, whereby upon pressing the body against the panel the body is deformed to
conform to the surface of the panel, and further having a refractive index higher than

the ambient atmosphere and transparent to light generated by the light source;

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



10

15

20

inclusion in the thickness direction of the panel. 10

22. A nmethod according to any preceding claimin which

the transparent panel is glass. 23. A nethod LLOYD WISE
according to any of clainms 1 to 21 in which the

transparent panel is a transparent polymer. 15 24. An

apparatus for detecting faults, such as inclusions,

cat | :

e ATROAET B U5 WD B ERH TR o o

ace i ncluding one or nore interface
eﬁg%%ﬁygﬁﬂgdﬂﬂgﬁg body of flexible 20 material,
wher eby upon pressing the body agai nst the panel t he
body & deteteideneetecting ligbhsasattareddytthe fasits fand exiting tHecpanel.
panel , and further having a refractive index higher
than the anbi ent atnosphere and transparent to |ight
generated by the light source; |ight source support
means for |ocating the |ight source in a positiona
25¢| atiNoRRAF PUS §cedinp e slaina @4 is wdicht thatboslémcernposed of silicone
interface is contacting the panel, light 25 generated
rWoberhe |ight source is transmitted t hrough t he
interface into the panel and LLOYD WSE 22 propagates
within the panel along a path where total interna
reflection is realized at surfaces of the panel; and

28. deinpCdpphrdt®y aé&?cﬁﬁgf ioncgalJn' Mr c?aﬁﬁtiﬁﬁ% Wink r}ﬂelffféél baudes a

and exiting the pane An appar at us accor di ng

pﬁlréllt)mo?-‘ihé rht@ﬁéc%heiehw%ngo@éch $ayPEPrL$efactile Sih(jﬁéfgt:égter than the

An apparatus according to claim

aﬁ{bqaérﬁrh?e'a,dnm which the interface includes a plurality
of the interface elenents, each having a refractive
i ndex greater than the 10 anbient nedi um

27.  An apparatus according to any of claims 24 to 26 further including means for
providing the interface with a liquid coupling layer interposed between the panel and

the one or more interface elements.

28. An apparatus according to claims 24 to 27 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.

29. An apparatus according to any of claims 24 to 28 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.
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27. An apparatus according to any of clains 24 to 26

further including means for providing the interface LLOYD WISE
with a liquid coupling layer interposed between the

panel and the one or nore interface elenents. 15 28.

An apparatus according to clahfs 24 to 27 in which the

one or nore interface elenents include at | east one

'36t er fAﬂCa%pS a‘?ﬂgegéﬁg“ﬁr? H,d&&ﬂ, ?% El whig o[h&m{?%fzg\%égj%pﬁ agleast one

genera Cross

[ e i
A S A 3 P by e o
Afgveg di ng to any of clainms 24 to 28 in which the
Interface is adapted to be noved over the panel to

vary the portion of the panel which is illumnated by
the light. LLOYD WSE 23 30. An apparatus according

59 cl ?«ht g%?rdtﬁh o?clﬂné I&?al ggflﬁ%léhr}ﬂa lﬂrﬂ@ﬁaﬁg%ﬁ\%ﬁ{ adapted to

one 1In ace e I ol

Irﬁaécaecu%la?eﬁasg%&ﬁon"men the interface is noved. 5
31

apparatus according to claim 30 in which the
i nt erface el enent adapted to roll has a circular
cross-section. 32. An apparatus according.to claim30

@2‘” h&h b WESIIaHQ;' atdo ® dig %ﬂuﬁh@ri iﬂi:l[]gln%?ﬁeans {are@%ﬁfaef‘ning the

el enment ich is adapted to I'n a configurati

mrfé%e'e?erﬁéﬁr\ﬂﬁ&ﬁ id Fdéjeﬁgd tdl%lldihrae%dfgpfd;ll%%&ggr%IP%ate in the

rolls and which inc a substanti

Hfﬁ@ctlbh HvhizR W B ark?d?}'vﬁ%h ?ﬁc,r s eadstgtaﬂf@gi f%f\pBHi%H | ljgg W5ht source

al ong the substantia ['at portion.

BEiRGaFhAged @ qu@ameagrql SortPineubbfihul A Bl SOur ce

support heans 1S arranged, as t ace noves
over the surface of the panel, to nove the light 15
source nmaintaining fixed positional relationship with

BBe i AtrRéthéd Becording to claims 29 to 32 in which the light source support means
is arranged, as the interface moves over the surface of the panel, to move the light

source maintaining fixed positional relationship with the interface.

34.  An apparatus according to any of claims 24 to 33 in which the interface includes

at least one interface element which is a flexible wave guide sheet.

35.  An apparatus according to any of claims 24 to 34 in which at least a portion of
the surface of the interface, other than the portions through which the light beam enters
the interface and the portion of the interface which contacts the panel, has a coating for

reflecting light.

36.  An apparatus according to any of claims 24 to 35 further including one of more

electronic detectors for detecting the scattered light.
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34. An apparatus according to any of clains 24 to 33
in which the interface includes at |east one
interface el ement which is a flexible wave gui de
sheet. 20 35. An apparatus according to any of clains
24 to 34 in which at least a pgrtion of the surface
of the interface, other than the portions through
which the Iight beamenters the interface and the
portion of the interface which contacts the panel, has

a7CoannNgpdfhtus ra‘ézcbﬁﬁﬁd 9 cldir s f%ﬁwe?%cl@er | nc%&{?Hﬁated image

according to any of clains 24 to urt

QRGOS dRfePn HILAGEE B! focHifh €T r ng,

sca?t eréevg ['ight. g’LLOYD \c/:\I'SEE &é?féd)f %’#&A%)dgrﬁ%gdae o nl?&e electronic
Aefeeford.ng to claim 36 further including an automat ed

i mge analysis systemarranged to receive data output

by the one or nore electronic detectors. 5 38. An
apparatus according to claim37 in which the autonmated
BEROE ARNGHPAPAtSs aBYSHR toSciahT 8PISWHIG et 54 ﬁ etgﬁngfedfir e analysis

the output of the one or nore detectors t

bt igBirBRgRCRtdelsrffhd fiém |th@9@t{3ut1<9‘ tRS oné\Br ng@r%k‘t%rs the type

according to claim38 in which aut omat e

anfall wihfch seYtéredthelightr anged to discrimnate air

bubbl es from solid inclusions based on their size,
shape and/or reflectivity. 40. An apparatus accordi ng
to any of clains 36 to 39 in which there are a

BbUr aAhtappatdiuhacédBing aBEdIaAM 981Gh Wi IRSARDMALIY image analysis
plurality of the light sources, the caneras beilng

8yt G arraryeals aiseBminage it b&%léﬁ?&ﬁ’ sbIRGihO0siBhs B5‘s‘°ed on their size,
panel fromdifferent directions. . An apparat us

864 &Hddt réfectilifi. m 40 when dependent on claim 37,
claim38, or claim39, in which the automated inmage
anal ysis systemis arranged to deternmine the 20
position of a detected inclusion in the thickness

d0.r ecAn @ppafatishsccping] to any of claims 36 to 39 in which there are a plurality

LLOYD WISE

of the cameras and a corresponding plurality of the light sources, the cameras being

arranged to observe the illuminated region of the panel from different directions.

41, An apparatus according to claim 40 when dependent on claim 37, claim 38, or
claim 39, in which the automated image analysis system is arranged to determine the

position of a detected inclusion in the thickness direction of the panel.



