~--MODI FI ED- APPARATUS: AND- METHQOD - FOR . ASSESSMENT, - EVALUATI-ON- .. AND GRADI NG CF -

f‘_’;fGEI\/BTO\IES TECHNI.CAL. FI'ELD : 5The: present |nvent| on relates: to apparat us: and'gr
“methods for-assessment, eval uation and gradi ng of gerrstones (i'ncl uding 5

- inorganic ‘and or-gani c gemstones) and:: ‘mnerals; such as . opal's,  pearl s and

~di'anonds, 340 3140188 mi neral specimens. - ln partl cul arPCT/h@OQW@s@nt

i nvention: rel at es to a digital anal yser for such genstones and m. nerat s

~‘which incorporates both hardware 10 ‘and software. Although .t he - 8
-_-__:.backgr ound of the invention and the preferked enbodl rrents of the rnventron

.wi'll be herei nafter descri bed- vvrth r ef erence to the assessnent, eval uatron e

”.evaluatron and

. and ‘grading of. opal s and: ot. her coI oured gem;tones--f-r-t--vu II be. apparent to

- persons - skilled M@[ﬂﬁgDafrFtpA & - , fed - jcation ;_ :
- that the invention descrfbed hef ot 11T :
“application‘to all gerrstones amakr[]m,nae\r[mu@ OFFGENMBS understandr ng in

. this specification, the term"genstones(s)" w Il be used when referring to-
cab 'l gemstones and m. neral s that fall Wit hin the scope of::-the rnve'n't i‘on. The_
. present inventiqn. elates to appar at us .and met hod for 20 assessnent,
tain:genstones. that have both faceted and/or

" ’cabochon surfaces J"'@J‘P@e‘ﬁ eﬁttoﬂe?a@é@iapg&%ﬂ%hér{deﬁe% gb QS}(?P %ns”g’}rﬂ%lﬁ'gﬁ

~aquanari.ne and al exan . ease .o rence:in

~:such gemstones %ﬁ@[uﬁtﬁbnbﬁrdgé&h@@fé@ﬁstérﬂise(fnﬁ:ﬁs@mb%(ﬁféa seh%t%%’r genstones’.

.25 BACKGRClJND ART. . - rrent .opal. assessnent:-and evaluatton practrces _
are highly’ subj getristiopes)sardheyermts shasadoms, aesmmaamondgfashum%s obser ved

factors such as: WD 2010/ 040180 PCT/ AU2009/ 001332
: e o mmeral specrmens In partrcular the present mventron reiates to a drgrta!

T analyser for such gemstenes and mrnerais whrch mcorporates both hardware o
"'itﬁf;andsoftware B T T
e Although the background of the mventron and the preferred A
S embodrments of the mventron wril be herelnafter descnbed wrth reference to the |
> :_'assessment evaluatron and gradrng of opats and ether co!oured gemstones 1t .f .
. will be apparent to persons skrlled m the art that It i is the mtent of thrs |
| 15 ' specrf ication that the rnventron descnbed herern be not |mrted thereto but have o 5':- ..
U wider apphcatron to all gemstones ancf mrnerats For ease of understand:ng rn L
| thrs specification, the term gemstones(s) wrii be used when refernng fo ail '
.gemstones and mxnerals that fati wrthm the scope Df the mventron B _ 2y
. The present rnventron aise reietes to apparatus and method for .
20 - a'ssessment evaluation and gradmg of certam gemstenes that have both:
faceted and/or cabochon surfaces, such as opals dramonds sapphrres rubres
emeralds, aquamarine and alexandnte For ease of reference in thrs |
 specification, such gemstones are to be hereanafter referred fo as co]oured

gemstones”,

25 BACKG ROUND ART

Current opal assessment and evaluation practrces are hrghly subjectwe |

as they are based on a combma’rron of human observed factors such as |



-scoring the flashes of colour as the opal is .noved, the body. tone, col our,,

“obr ghtness and pattern. The fact that Austral ia contrr butes 95%. of - the:

. world's opal s:is-both . a blessing and a ‘curse. Overseas: “buyers” often-do not
““have the raining to assess the value of opals being s l'i ed: éleadrng to-
Cdifficult “g)Wé t¥hti ons between buyer ‘and sel l'er).; 3%%8 ARy descrrbe
~a particular type of opal .in: sufficiently concise and obJectrve terns for:-
"~ the . suppliers to be able to provrde the aofroprrate opals - ‘Most o
- genstone. assessnent i s nade using:a nagnrf cation:10x Ioupe.: The genstone
s observed by . holding it ina pair of : genstone tweezers and 10turn|ng it
~(using pitch, roltl and yaw) to observe l.i ght -interaction: with the: genstone
~and ext ernal - andchiMghB ahstdaas 86baF Assthb &al is maved, THE bS#PIdRE! ?eﬂsurnat ure of -
o current. opal assessment and eval uation practices.creates difficulty-in-
- negot i ati ons andrighbessatd pdttedh. sTioy facothat Austiahie cordribeob5% sfdRe hetiyleen the

~.opal ‘miners and ‘the buyers ‘15Ther e ‘exi st _a: nunber' of -key characteristics

- on-whi.ch an opalopalsis beth ereeewgfetda@esea%eseeﬁreweasoﬁen ‘d&)ﬂ@ma‘{eﬁhm) and

ar ea Of _ f | ash I%ras httr(])eassgessl%gdxalu

?opa(?s erng supplred (teadmg to drﬁicult
| 5 - negotrat ons between buyer and seiler) nor can they descrrbe a part:culer type:f' o '
" ofopalin sutﬁcrent!y concise and objectrve terms for the supplrers to be able to-';'_ TS
...provrde the appropﬂate opals _ _ o _ : VL R
Most gemstone assessment is made usmg a megnlf catron ‘I(}x £oupe ::
” The gemstone zs observed by holdmg it rn a pair of gemstone tweezers and i
o 10 'tumrng it (usrng prtch rol! and yaw) to obsewe Erght rnteractron wrth the
[ gemstone and external and mtemai characterrstrcs _ | | S
' _ The subrect:ve nature of current opal assessment and evaluation - _' |
' practlces oreates diffi culty in negotranons and substantra! dtstortrons in the SR
terms of trade between the opal mmers and the buYﬁfS :'_ _ . |
15_ . There exist a number of key charecterrstrcs on whroh an opai can be
| gradedfor its va[ue such as ~:___';'f_ f: - e S
e _Colour (hue) and area of ﬂash
W .Brzghtness R |
| "+ Bodytone: B -~
20'. s Pattern =
| » Shape _
s+ Other characteristics _' _
In rterms of relative importance to the overall gemmological value of an
opal, colour and body tone combined have about a 40% welghting, followed by '
25 - brightness and pattern, each at about 30%, with the remaining characteristics
being of much less significant trveighti'ng. In terms of seeking an objective -

assessment by a human abserver, colour appears to be the most difficult,



~Shape O her- characteristics In terns of relative inportance to.the.overall.

~to-provi de an obj ective and aut omated ‘anal ytical

- gemol 0gi cal ‘value of ‘an opal; col our: and -body t:one conbi ned have about. &
2 40% wei ghti: ng, fol l'owed: by 25br| ghtness and pattern, each at" about_ 30%
W t h the renai ning char act er| str cs bel ng of nuch I ess. significant =

'r-col our appears to be the nost diffi cuIt followed by brrght ness Wm ch

. Seens ‘easi.er. to. assess- and quantlfy rranually, ‘as i s:-t he pat tern, of vvhrch
- there are 28 main types. . Colour: is @ifficult for .a human observer to':'
- assess. because of the foll owr ng: (1) The contribution: of each: coI our:
- changes: wi th: view ng angle, that is, wth pitch,.rol'l and yaw. Al

“sorientations-ar ch.is
odif cult “due’ tgfo%%veetaﬁ)ywped g%ﬁﬂ’&%%ﬁ%&%&ﬁ%&@ 8%%%%"@?’“?\@@% and§
~their eyesight vayis &l @ftern, ofwhreﬁthe@lérezsmamtweeld- is difficult to. .
;;accurately assi‘gn-a shade-:according-to:10a. col our: reference chart because
“the conditions ‘for vﬁemung ct!ffwltrfbghhymmabbsdﬂ/eto assess bEsaosepiatiad  t he.

: probl em synt het| c or ‘man-made replicas of. opal s and- ot her gemstones are :
“inproving, and i "W cases (eg di amonds), i's extrenel y di fficult to a

~detect the nagtural g om .t nthetlc Ver i f

e pentt o OETRenLbABS e B et ht Vi St by
~adopt i'on -of “obj ective a ek, qaﬁéﬁ@yﬁmahﬂ/bh&ﬁéhoﬁgtah@ﬁﬁodemte ateg)q,eaapproach; :
_ |nage capture.
_device for the gradi ng cobudéstimtids, wiicidisstifiagitlei to thiSirRedEpérchiiiontind39, 867
("the Patent”). Al'though al so referring to use of the 20 method and device: .
“for the grading of - oparssbraﬁtreawe@ry@éhsmemsnd thﬁtiteY‘aii@?tO’éﬁﬁbﬁes unsuited to

- opal s and‘is poorly anes, anonds. The i mage
. capture- devi ce.and m(,sa%j og t!hgéiggsgas @’ﬁg@f}é’ algg‘t"g %%S%? Q?‘f%wcpﬁynggt@mstone _-
- novenents. ofqepirtch, ol coﬁﬁuﬁdréf@r‘éln(é'éléha?ﬂzéc}éﬁs&@tétdéﬁ@lt;&{s fomﬂﬁﬁngs% as . to. - '; :
~di'splay: the ! pl ay’ of ‘col.ours”: he .genstone; as the genmstone gst age rs -

_' _:g._not t | I t abl e. Nor does hidiéy mabam disclose t he assessnent ~af - al |-
Bhe .' e To compound the probtem synthetrc or man made rephcas of cpats and
L cther gemstones are rmprovmg, and in some cases (eg dlamonds) 1t ig:
extreme!y dsff cult to detect the naturai gemsto ne from the synthetic Verifytng.
) 15 5 the authentrcrty of the gemstones is another probtem that may be resotved by
o adoption of objectave and automated anafyt:cai methods R
: : One approach to prowde an objectrve and automated anaiytrcat method
| e and image capture devace for the gradmg of dramonds 1s drsciosed m US
" Patent No. 6 239 867 (“the Patent") Although atso refernng to use of the
.:: 20- method and devrce for the gradlng of opa!s and other gemstones that
| approach is unsuited to opals and is pooriy surteci to other gemstones even -

* diamonds. The rmage capture de\nce and_m_@thcd disclosed in the Patent do i
not allow for gemstone movements of pitch, roll and yaw during the capture of =
images so as 1o display m‘é "‘ptay of colourS" of the gemstone, as the'gemstohe‘:: :

25 stageis not'tiltabte.' Nor.does the Patent disclose the assessment of all - -
| segments of the face of a gemstone for' ea'ch of colour, brig htness, body tone-

and other characteristics, many of which are especially important for opals,



. not swted to the assessment of opals, where it i's-the entir

. .segrrents of the-face of. a gemst-one- for each of. col-our,. brightness, -body.

- -tone- and other characteri'stics, many of which are espeCI ally inportant: for _

-opals; 0 2010/ 040180PCT/ AU2009/ 001332 before grading the genmstone for: each‘

._-'charact eristic. Rather, the Paten di-scloses a nethod of sanpliing a snall :

area. of ~a dYAHBHYBY noving a camera through a contr of FEEUHEYOUEHNY aver agi ng_

. the totaI |‘llum nation data in that ‘area to assess the col our of - the _
di’ anond.: .. Such-a Ilmted ‘'sanpling is not: swted to opals as itowill not

~dirsplay: the pI ay. of col ours™, ‘body' tone andl brl ght ness. of an opal over: aII

: :segrrents In: parti cular; the Patent states that gemstone col our- anal y5| s is:

.~done" by obt ai ni ng -average ‘red; green and bl ue (RGB). val ues for -colour: 1

~images in the | TG Bl eeebﬁeo&j ibesh eltehilif %ﬁﬁtﬁﬂetﬁmgnﬁot ablie-

facets, and tha ng t coI our of "a smaller

- predictabl e and tﬁmeataeneed)@ursaheedg B@iaf a@éﬁcﬁlaﬂﬁﬂmoﬂ'@%@nd%“r&fﬁggh%}% ?L g

_-opal t hat requi rtteugbheuntrees essamhaveraging thEdetatituminetion déte in tregerezapt Ure
~.device disclosed in the Patent filters the-|ight' between: the genstone and
Lits camera, and 3%F% g celoyt ddhe %‘%@”‘éﬂ tical to 15the anal yS| s of colours.

- That device ag so- usegU?t;H 8hmﬁb§g§§ Inéhél "uﬁta,é)t& dall fttgrell; 03 erf,-ayt t he:

 genstone and ‘a gl ass plrate upon 5 Cent ®i mrerse

- the gemstone so By O COISUFRY Bo8Y fohk 2A8 Brigiséstloriah o Qﬁoxterelte Feh@nyef 1ight
“though the gemst?ne for-the dg* ection. o?ﬁ l.aws orbco o&r |Ebcl us?ons These-

'-j:features of ‘t he pammykarchefatast Blﬂtﬂsdl%t@edtstmetmhtudamijmsmﬁ&@ hyrbtitétmnEat ent:
- are unsui ted to opals and are poorly suited to.-other genstones, = - Th_e
~beauty of col our®irageed. et AehRrRIRERL yauas oI dnAges indes iragel nixpht .

“Factors attributj g@?’tjgtmegf ﬁﬁﬁggﬁgtangthe %@éeﬁ?%n‘c’:“that gl uﬁf‘%ﬁlflr our,

'ﬂchanglng col our S erns ency Misfre ah br|II| sion .

~and 25Col ourggl eemgnﬁmemereeeeémoeeptéatc@améyree&cuwétceeer Féetjtn@ gel by - .
their . .atom.c structure,..geonetric. formas an expression: of the: atomc

-.-_'_structure and tdbeaines. a'EheeﬂS)mqod'weswe%mpttsmecetortmameesemdt cpfrqpeiscafhere s

. roperties. - Each crystal m-has defined optical pro ertles The can
'_"Ee P L |t ISthg ntrrefacg t%eopa?that rqulres co%urassesgmet _ y R

S Furthermore the 1mage capture devnce dlsclosed In the Patent f lters the o
| Izght between the gemstone and its camera and thls is stated to be critical to o
15 the ana[ysts of colours That dewce atso uses hzgh \nscosny lmmerelon oft
- _etther between the gemstone and a gtase plate upon whtch it IS centra]iy placed
'.orto 1mmerse the gemstone so as to remove gtmt and ass;st in the 5 '
| transmissmn of hght theugh the gemstone for the detectlon of ﬁaws or oo!our
mclusmns These features of the :mege capture devnce and method dlsclosed
20 : in the Patent are unsuited to opa!e and are pooriy surted to other gemstones
The beauty of coloured gemstones depends entlrety on their effect on’
light. Factors attributing to the assessment of a gemstone wil.l' include colotlr,.
changing colour patterns, transparency, lustre and britlianoe, dispersion and .
e S | _ _
25 Colaured gemstonee are eeoarated intc crystal systeme deﬁned by their -
atomic structure, geometnc form as an expression of the atomic etructure and

the retationship between the structure and physical properttes



.Si ngly refractive. -..(isotrophic) where a refracted ray: travel s :in-a-single:-
“néwdirection at:a: const ant “new vel ocity doubly refractive - (anisotrophic)
““where a: Ilght ray i's refracted and split into-two rays: vvhlch take different -
- paths: and proceed wth: di fferent vel ocrtres 't he: medi um havi ng nore than L
one refractias1004ei8% doubly refractive uniaxial - m&@@wwwmm um
'fpossesses one.- direction parallel to which the two: spllt rays appear to: be

~isotrophic 10- .tthe optic axis odoubly refractive biaxial - where such a- ;
~medi um possesses two di recti-ons parallel o which the two split. rays appear-.-_
~to.beisotrophic. = .- . The follow ng Table identifies: the various oot
~‘geonetric. forns that- dlfferent 15 crystal systens. take: - Crystal" System_

TR oo SRR PR Rl e
: S v smg!y refractrve (rsotrophrc:) where a refrac’{ed ray trave!s in a _.:1 TR
| single new drrechon at a constant new velocrty _ _
'-_- ”.doubly refractrve (amsotrophrc) where a Irght ray IS refracted and
s B ' :.; . split into two rays whrch take d;fferent paths and proceed wrth
| | | drﬁerent velocrtres the medrum havmg more than one refractwe ﬁ:-: =
'7f:,ndex _. .: | ot ns S N
E _g-:' | doubly refractwe umaxral where such a mecirum poesesees one
. : :drrectron parallef to whach the twa spht rays appear to be 1sotroph|c.
2 '1'_0". :":;.::'-_ '__5:_—theopt:caxrs - e |
L s :'doubiy refractwe braxsai -Where euch a medrum Dossesses twu. R
S drrectrons paralie! to whrch the two spht rays appear 1o be |
 isotrophic. S o
The fo!!owrng Table rdentn" ies the vaneus geometnc forms that different i =

15 ":crystai systems take L

Crystal Systerh Examples © . . {Optical Character
Cubic = . diamohd,:gernet, spihel R Esotrophic__ N
Tetragonal . Zircon, scapolits :

Hexagohati ' emerald, apatite o ' AniSotrcphi'c Uniéﬁriai
Trigonal Sapphire, ruby, tourmaline ' ' o
Orthorhombic Topaz, peridot - |

Monochinic Kunzite, moonsione Anisotrophic Bie.xiai
Triclinic Sunstone . ¢ o | i

Coloured gemstcnes are further deﬁned by their chemical composrtron 3

and trace elemsnts which affect colours produced and the behavrour of f;ght



Ot horhonbi ¢ Topaz,.

B WO 20101040180 -

.Hexagonal emeral d, apatite Trigonal Sapphire, ruby, tourmaline . - . ...
| per.idot Ani sot I’Ophl ¢ Biaxi al Monoclinic Kunzite, ==
) n'fbo'n-s-t'o_ne'_' Tr| clinic Sunst one S SETALE PERE ST R O R

- _PCT}Auzéoékenjssz"._"_."';' S

| both reﬁected and refrac;ted and are ldeﬂtlﬁed by thelr optlcal propertses

7 specﬂr‘ ¢ grawty hardness mc!usmns and co!our usmg vanous known

mstruments Such ;nstruments :nciude~ :

10

15

20

25

- 10x hand Eens used for routme observat;on of gemstones

Refractometer - measures ihe refract;ve md ex of hght emlﬁed

through the stone

Ditoscope s o oo p*‘ééén? nadoublyreractve
" stone T | 3
| Po.lla.ri:scorié - de.termi'nesl'tne 'op't'ical' 'cnéracfef'df th.é' :st.oné.-.
 doubly or smgly refractwe and assnsts to ﬁnd the vanous Crystal
. .'aXISOfthestone O RN L

' Mlcroscope analysts of tnternal charactensﬂcs by extended

magmfcation AR

- Spec;ﬁc grawty dasplacement measurement in water

Chelsea filter - allows transmissmn of both deep red wavelength_é -

“around 690 nm and yellow-green wavelengths, around 570 nm,

that matches emerald’s emission and absorpﬁnn characteristics, |
recommended to assist the discriminatfon between natural eme.rald :
and its simulants such as green glass, tourmaline and peridot.
Spectroscope — meésﬂres the spectral emfssion and interference:_ :
wavelengths _ ' | |
SW/LW UV light box — measures the stone’s reaction to UV light -

fluorescence and phosphorescence.

Coloured gemstones are assessed on the quality of light refracted and

reflected — brightness and saturation of colour, inclusions present, quality of cut

and carat weight; the four “C"s as noted by the diamond industry - colour, cut,

clarity and carat weight.



“inclusions:an

Col oured genstones are further: defined by their chemcal. conposition and:
. .trace el ement's which affect col’ ours pr oduced and the behaVI our’ of- Ilght O'
:2010/:040180CT/ AU2009/ 001332 both" reflect ed and refract ed, -and are"
identifiedghy, {0%?(1150 optical. properties; ‘specific gr a‘ﬂctrYAmB@i!(ﬂ'f‘ﬁ?S I
: 8I col our -using various: knovvn instrunents. Such. lnstrurrents
~“includé:-  10x hand |l ens - used for routine observati on of geistones - :
: j'RefractOrreter - ‘measures the refractlve |ngex of Ilght em tted through the
.stone "Dichroscope - shows two. col our's -preSent. in‘a doubly refractlve st one
- Polariscope -- ‘determ nes the opti cal character -of ‘the.stone = -TOdoubly or_

Sl ngly refractive, and assi sts to find the various crystal axis:of. the

- stone .. Mcroscope - @iuysd @er@étomemtemééce@dmmtamsxanoaslgya@e@temﬂmd
~magnification Specific gravity --di'splacenent: measurenment in water- L
. 15Chel sea" fi | t errectaapleosdsiare. @asminsat, dmf@ﬂi%bﬁﬁgd@éﬁ C@@'@Qﬂa(\)o‘mtaﬂglﬂhﬁ ar ound

690 d |1 th d 570 t I d'
e et Raand e e DL GeS b £ Bha SRl %fqrﬁ”?f? | _S-.
~discrinination bepy gﬁg&pna%,% f‘#ouggg&@dgoﬁmﬁnméé cShElAR e tﬁﬁe 3. reen.

-glass, “tournmaliné pectroscope. - -nmeasures ¢ ral

- enission-and gnterfengnes aqeelbanginse foSW AMéwgémghhebcamﬁhmaw es the
~'stone's reaction to W light - fluorescence and phosphorescence.: Col oured

. genstones: ar e assw@wsssliron whieh thenbietderigéd. | Pone spediesighavta avide pdhoefof ect ed -

-'-j-brlght ness ‘and-saturation of.:col our; inclusions present, quallty of -cut: and

. carat. wei ght; th@?%&hef@@tlﬁsﬁfﬁ%sﬁ? ‘the diamond industry: - ~colour, cut,
o C| ari ty and carat vei @t ones are coloured by the selectwe absorptton of hght the e

L mteracttcm between light waves and electrons andlor structural mlounng For L
| 10 - 1dlochromat|c (self coloured) mmerais, the;r colour i 1s a fundamental property, |
R constant and charactenstlc of that mmeral and the coiour IS due to the malor
" chemical compos;’uon of the mmerai When the colour arises from a trace o
| impunty in the basm chemlcal composttlcn the mmeral is ca[led al!ochmmatsc G
(other coioured) | _ _ | Nt
15 Pleochroism or d;chro:sm is the change in co!our ewdent as the mmeral SN
- is rotated under piane-paianzed itght The pnmary cause of dlchroasm or _
| pleochro:sm in minerals is due to adsorptmn of partlcular wavelengths of hgh't
This s&lective adsmptlon of certain wave[engths of ilght causes the transmltte_d
light to appear co!oured This colour is & functzon of the thlckness and the™ -
20  particular chemical and crystallographlc nature of the mmeral lf the adsorptzon{_
of particular wavelengths of light differs according to the optical path, the
phenomena of pleochroism is evident. This is observable in plane-polarized | ”
light when the polarizers select the light exiting from the mineral. This colour
depends or which optical path is viewed. Pleochroic colours are observed and

25  recorded in the mineral data and are generally diagnastic of the particular

mineral.



. Col oured genstones have faceted surfaces in various shapes - round, - - .=
“rectangl e, 'square, pear, heart, triangular being nmore.comon (virtually any

shape is now possible particularly wth lLaser cutting), cut and polished en

. thickness. and the 20particular .chem ca

“light exiting fromthe mneral

: cabochon - oval or round, -beads or tunbled, :carved an ﬁtége“ef-m-m:sh:apes_-.} L
- 5Almost . an)' ¢ *tan be found among genmstones, and YHEUMEU P nerals
- fromwhich they are derived. Sonme species show a wide range of colour. .. .~
‘whereas others-are constant. GCenstones:are coloured by the selective
. absorption of. . l'ight the interaction bet weeﬁ: Iight waves and el ectrons .. -
‘-;and/or.structural col ouring. For: 10i diochromatic (self coloured) nminerals,
.their colour is a fundanental propérty; constant and characteristic of that-
~mneral” and the col oWfldupedlyemétendexhibi vario Gedyred ofqmgéﬂefnbgnhsée the
mneral. Wen-the colour arises froma trace inpurity in: the basic chemcal
. conposition, thebeimgeral is called allochromatic (other coloured).: =i . .=
.15Pl eochroi sm or- .di.chroismis the change :in colour evident as the mneral -
“i's rotated under. pl afe- pbRHPERSE- IBnghieCYiawed (eday thastaeshowsentiorsm or -
- pkeochroi smin minerals -ifs ue tf adtiyor'pt i.on-of particul ar -wavel engt hs of -
clight. This sel ective ad%S? _tEi"l_Sj_ I%_\‘n.c_ ertai n wavel engt hs' of ' 1ight causes the
transmitted l4ght to,apPeasiaRhUESHe ligﬁl:'p%s% B¥hgh Bubnd Hﬁfé&f&lﬁ fsdee
_ [ and crystal l.ographi ¢ nature of -the
~m-neral; 1ithe adsorpti ofhrafghplae stosell ar - wavel engt hs of | i ght -di.ffers .- = ==
~‘according to .the-optical path, the phenonena of: pleochraismis evident. .=
~This i's observable in plepriUsol aplig@apseHbrodn t he pol arizers sel ect the
- ) . This.col our, depends, on, whi.ch: optical path
<NVl eved.  Preochrof ¢O8ER B eesi ereaniel PUdaah L L B iaba BeReeR et al
data and are gengidllifnshSRaRL bR celdna R Thidhub 85 wihIRERbeauty, Lustre

10 s pur:éiy'éh'éxte'rnél surface eﬁéci and dépe'n'ds'on the'am'QUnt'ah'd' qu_aiity'of':_.' S

'reﬂe'cféd'ligh:t.frém the_SurfaCé af {hégérﬁétone.- S

' The various types of lustré are described in the following Table:-

Lustre - Description | Example

| Adamantine | Hard and brilliant.  ~ - Diamond

| Vitreous | Likebrokenglass . - . | Emerald, ruby .

Resinous- - |Asresin. -~ =~ . .. . | Amber opal, some
_ R " fgamets

Waxy - | Seems covered with a thinlayer | Turquoise .~ -
. |ofoil. Can resuit from tht_é-:_ - L
scattering of light by a.

microscopically rough surface

Pearly Overlapping paraliel lamellae Moonstone

Silky Finely fibrous structure Gypsum

Metallic The brilliant appearance of metal. | Gold, pyrites.

15 Shéen is due fo reflection of li'ght. from below the surfacé of the coloured
gemstone. It is caused by the internal structure of the gemstone and there are

several distinctive types, as described in the following Table: -



distinctly transl ucent - sone. Ilght passes: through but no- Obj ect can:be

- Col our ed. gemstones exhi-bi-t - various ‘degrees. of: transparency,. these being;-
transparent - an-object -vi ewed thr ough t'he stone shows outli.nes clearly: and.'

seen through:the stone opaque -no.light  passes through “Lustre- i's a i
.basic essewto @livehes act er  of cut and polished. gemstommkmw/doﬁstﬁparts o
~life and brilliance and has nuch to do with thelr beauty. Lustre 10 is’

. purely an external “surface ‘effect and depends:on the am)unt and. qual | ty of
~reflected light fromthe surface of “the @mstone “The -various: types .of:

- lustre are- described in the followng. Table:- Lustre- Descri ption. Exarrpl e
_E'Adanantl ne . . Hard: and bril: i, ant Di am)nd Vtreous L| ke broken gI ass
~Emeral d, _r_uby ReSI nous : - : :

Sheen Degcﬁptioﬁ'_' LIS 'Ex'a'z'n'ple R

Iridescence - Rainbow effect often observed | Quartz, calcite, iris agate
. i in cracks and flaws in a stone. | labradorite, orient of pear!

Labradorescence | Diffraction at alternating layers Spectrohte Iabradonte

Adularescehce- Sheen of silvery light Cross‘ng-' 'moonstone : ':'j-.*--j:._. '
S RS thegemstonecaused by AL
' aiternatmg Iayers of dtfferent
| feldspars - '

Opalescence - Scattering of l:ght from emall - | Common opal/opal glass - |
PR g parttctesmthe stone, mtlky N g D b

translucent effect .~ - [

Play of Colour: | Used to describe the_ c;olours_ | Opal
S . |seenin precious opal B

Chatoyancy: | Reflection effect due to parallel | Quartz, tigers-eye,
b fibres, tubes or needles of : 'c:;hr'y_soberyl T
indluded substances ona R B
cabochon cut stone

Asterism | Mobile star effect from parallel | Ruby, sapphire, -
- !fibrous inclusions aligned with | almandine gamet -
specific crystal directions chrysoberyl, dio'pside"
Aventurescence | Specular reflectionsor. . Aventurine quartz, -

spangles of light reﬂeoted from |sunstone -

plate like inclusions. -

Inclusions whi.c:h interfere vt'ith the transfet of light through.the co[oored o
gemstone may reduce its value, whilst other ihclusions prove its authehtioity,i'
5 yet other inclusions provide a welcome effect such as the layered rutile needles._
present in star sapphire and.ruby which if present, cause a pleasing star effect
to appear on a cabochon cut corundum (sapphire and ruby) or the chatoyancy

of cats sye chrysoberyl.



o AS resr n..Anber ;. .opal ,

- some garnets: Waxy Seems covered with.a thin layer: of

oi'l. Can resul t fromt he scatteri:ng of Light: by a-mcroscopically rough -
_.'j-surface Turqu0| se ‘Pearly Overl.apping: parall el lanel| ae. .Mbonst one Si't ky
- Finely fibrous structure Gypsum Metallic The: brilliant: ‘appearance - of et al

- Gol d; pyri taswickkBleen i's due to reflection of light fcombedsmibhe surface

Cof the col-oured. gerrstone 1t i s caused by the internal structure. of the_-_-'; ¥

“genstone and there are several d| sti nctlve types as, descrl bed in the L

L Tolhowing Tabler- 1y b S P A0 e s

Tradltaonally, colour gradmg at gemolog:cal laboratorles |s carned out by

' the human eye For |nstance when coiour gradmg a d[amond a gemologmt
wrl! line up a master—set of dlamonds {featuring a D to y4 colour} to whloh the ""f:: e

' dlamond S colour is compared The master—set of stones and the dramond are

placed ona dull white countertop The master—set is lmod up wrth lrghtest (the

top colour) ﬁrst becommg progressnvely darker The cllamond s oolour IS then

- 'compared to the colour of each stone of the master—set untll the grader

10

t mﬁuences the eye’ s perceptron Th:s results in devxatrons in colour gradmg of .:_:'. '

peroelves its colour to be the same

Several problems arise when a human observer gracles a dlamond

- eVEry eye has a dlfferent colour def mency" Thrs means that every grader has

defi crenoles for certaln colours Further, the colour and lntensny of llluminatlon e

: _large diamands (a few carats) and small dlamonds {a few tens of pomts) as

15

20

25

" most master-sets feature diamonds of around one carat in size. Frnally, larger S

labs will use two dlfferent master—sets W|th mevrtably slaghtly dlfferent colours =

'As suoh colour gradlng wrthm the same lab or between |ts branches may vary. G

There have been numerous attempts to prowde standardised reportmg
systems for the oolour gradmg of gemstones One prom!nent system 15 o
provided by the Gemologlcal Institute of America (GIA) lts report provudes :
detailed information about the dlmensrons carat weight, shape and cut ofa |
gemstone. GIA reports also cover any treatments or enhancements that have
been done and of course, whether the stone is natural or synthetic. A GIA
report utilizes a standardised "coloured stone grading system” chart to graph
the hue, tone, and saturation of a stone. Gemstone colour grading is broken
into three quantifiable categories: intensity (saturation), hue {colour), and tone

{lightness/darkness).



-;\WD 2010/ 040180PCT/ AU2009100. 32 Sheen Descr.i pti on Exampl e 1 ridescence

“Rai'nbow effect often observed in cracks and- flaws in'a stone: QJartz i

“calcite, iris agate, 1abradori te, orient of pearl Labr adorescence 5 S
- Diffraction at alternating | ayers: Spectrol ite, | abradorite Adularescence -
' Sheen of - sWo/mIyo4bBght crossi ng. he: genst.one caused byP@l/A@?lﬂma!mmg Iayers of .
. different . fel dspars- noonstone Opal escence Scatteri ng:of light fromsmall .
~particles in: t he. stone om I ky transl ucent effect Cormon opal /opal gl ass

= ay of ‘Colour  ~ " - o NG

to the gemstone hue chart The "hue is the actual "colour" of the materra]
'(blue green red, etc) | 2 R
. ‘The G!A nomenclature also spec t‘ ies srx levels of saturatron.rangmgl
o | 5 "~ from" grayssh" (neutral gray) to "moderately strong" to "vnnd" accordmg to a
. gemstone saturatton chart The term lntensnty" is also used to descnbe a .
'stone s saturation. | | o
: o desorlbe the darkness or llghtness of a coloured stone the GlA
'.system nas nine Ievels of tone rangmg from "very very llght" to very very dark"
: 1 0 accordmg to a gemstone tone chart A numerscai vaiue IS ass;gned to each
T label for use lnagradmg report _' IR i |
o with the exceptlon of hue each of these parameters by themseives are. ._ _
| relatwely meanmgless and they must be used together to meamngfully reveal a 5':;.: L
gemstone s colour qual!ty Taken together these three paremeters W|Il prowde
| 15  a stmple numer:c code that can quu:kty and accurately quantlfy gemstone o L o
Reports are also prov&ded by the American Gem Trade Assoclat:on and
| .by Amerlcan Gemologlcal Laboratones Ali of these reportmg systems . :
however use different orltena and standards of oolour gradlng and S0 can be
20 confusing when considered together " ' '
Alongside colour quailty as a criteria forgradlng gernstones, brilllancy is -
the amount of flash the gem returns to your eyes. Most diamonds are 100%
briliant. An average brllli.a'ncy of 50% means ha:lf of the stone' returns ﬂesn; .
The Giloelin Gem Laboratory in Lucerne, Switzerland (GGL) Is one of the
25  leading testing laboratories in Europe, testmg coloured stones fancy colourecl
diamonds, colourless dtamonds and pearls. They also test diamonds for any -

sign of (HTHP) enhancement, Coloured stones are tested_ for the usual'-



..Used .to describe the colours seen.in. preci.ous opal Opal :Chat oyanecy . -
- Reflection effect due to:parallel fibres, tubes or needles of “incl uded: _
.. substances - on a cabochon -cut stone Quartz,. tigers-eye, ‘chrysoberyl Asterism

':|\/be l'e star effect fromparallel fibrous i ncI usi-ons ‘al.igned wth- SDEleI C
_cryst: al - di weczbmmmssd?uby, ‘sapphire; -al mandi ne garnet G‘Iﬂ'ryﬂanb@mpia,sz di.opsi: de

. Avent urescence Specul ar reflecti ons or spangles:of ‘light reflected. from

“plate Like inclusions Aventurine quartz sunst one 1'ncl usi ons: whi ch

interfere with the transfer. of Ilght thrdagh the: col oured gemstone rray

reduce i tsvalue, whil st ot her inclusions. prove i ts aut.henticity, . 5yet
-~ other inclusions provi de ‘a: wel cone ef fect such as t he . layered ruti I e

needl es present, éfr ?Eﬁrof%%ﬂggbélguxaegt Y H’&ﬂb&ﬂ?ﬁé agr\f\??ilez%] f{’@é%ﬁ qrp@ é

o pl easi ng: st ar on' & tabochon et &ar un
T UbY) or: the Crﬁb%ﬁd&é/re@ést@@ﬁ cRME, 6@6M5mhﬁééﬁence cut, and symmetry

Generally, the gradmg cntena for coioured gemstones in order of

nd

decreasing rmportance, can _be summansed as comp_nsmg the foHowmg,-.';. ;  : : -
s ot L R L L P e
o .'_.:_ e |
 _ - _Slaturatioh___':'
.. . Brigh’m.ess
o cut
C U spabe

o Proportion
Y Symmeiry_
| Clanty |
e inclusuons mapped _
15' "a Verification of type as pertamlng to gemstone vanety
e Degree of’transparency of the gemstone. -
| Carat Weight '
» Asper mdué’try standard
Scintillation | o
20 e Surface reflection/refraction fr.om smailer facets — "tWinkiing" effect as the
stone is moved
Brilliance
»  Return of light from the gemstone which has been internally reflected and
hence has colour produced by filtering through the coloured material of the

25 gemstone



- genvl ogi-cal |.aboratories is: carrred out by the hunman eye.

: -WWD. 2010/ 040180PCT/ AU2009/.00 .332. 10. ~Traditionally, colour grading at s
3 _ For instance;
when colour: grading a di anond, -a_genol ogi st Wi II l-i ne:up-a naster-set: of
codi-amonds (featurr ng aDto Z: .col our) “to: WhICh the di anpnd''s ‘col.our is
.conpared. Woeonwmsdigr - set of stones’ and: the dr -anond armilﬁwzawerdiaon a dull:
~-whi te ‘count ertop. . The. master-set is- Ilned up wi'th Ilght est (the top col our);;:
. first, becom ng progressively darker. The dianond. s -colour is then .compar ed_

'75-to the col-our: of each. stone of ‘the master’taset until the grader percei ves:

-~ for. the col our

" its colour to be the sane. Several. . probl ens ari _se when - a human observer

gr. ades ‘adi-anond; 10 every eye has ‘a different -"col our: defici ency Th| s

. means that everipy Qféader has deficiencies for certar n coI our s. Further tf--h'e;
colour and-Intensi ty of i'lJum nation.influences the eye's . per: ceptr on. - Thi s :
~resul'ts in deviat iSuiace fRagmb @ﬂthegé#@tdﬁe -Ghalb 8680 dh e AREls s (7, Brfs ﬁgﬁats)
“‘and smal | dianonds (a few tens of. points) as nost- master-setg

diranonds - of ar oundusheeraducas sharp siiged sdf'rfau:alrefgectldnra;r\g}ere 1 | adiee ﬁVothelése two -
~different rraster sets-wth inevitably slightly different colours. As such

" col-our grading w ﬁfﬁuﬁ%\/%d&?éspﬁﬁcnge BelloiBen.it's branches nay- vary. r
- There. have erbgggrsr&us attenpts.to provide" standar dised reporting. systems'

; i'ng of genstones. One proninent. systemis ‘provided: by
~the Genol ogi- caly ) RSl RofindoREkIAG ub G Mhite t‘rg{tﬁ .rrt@rreabeer‘a%mse digdetai | ed
~information about- the dimensions, carat weigh cut ? :
- genstone. G A repondrs claerectemimexfdmmnﬁs%@ﬁr&ombrmﬁﬁamb@!oﬂh@t have

-~ been done and of course, whether the stone is natural or synthetic: A GIA

. report utilizes a%ﬁﬁﬁﬁﬁ‘r’éﬁ‘%@éper@@ﬂour ed stane gr ading: systent chart. to
w-graph the hue, %or;e' ‘and- saturation of a st one ‘Genstone col our grading: |s e
‘broken 25into three quantifiable: cat egories: i ntensr ty ‘(saturation), hue . -
~(colour), and t,oneréﬂdfmgﬁme%eerkeﬁerbhara&tsest@&eee%ﬁé es and 'abels Up
to thrrty one gemstone hues accordi.ng e
S DISCLOSUREOFINVENTION ' T SRR R S S

lt is’ an object of the present |nvention to overcome or substant:a!ly
Iy ameirorate the aforementroned shor'toommgs and problems of the pnor art or to  :: o
' 'at Ieast prowde a useful e!ternative o i
15 g Ttis another object of the present rnventfon to prowde apparatue and
o methods for assessment evaluetron and gradmg of gemstones in an objectWe,:-';;- e
. consrstent and automated manner so asto ei!ow stand erdrsatron of opaf and
other gemstone quahty arzalysrs and grades, thereby mprovmg the conf dence-
to trade of the seilers and also the buyers end addmg certar nty to the prlces |
20 they may be prepared to accept or pay for a gemstone :
The disclosure in International Patent App!icat&on No. _ _
PCT/AU2008/000450 is incorporated herein by reference. The apparatus and
metheods disclosed therein may, to the extent that would be readity appreciat’ed.
by a person skilled in the art, be useful for the purposes of the present

25 invention. This applies to both the hardware and software, and paﬂrcularfy to

colour calrbratron and segmentation and histogram analysis.



~to:the gemstone . hue chart.. The "hue" .is the actual "col-our" of the material
(blue, -green, ‘red, .etc.)).: The:G A nomencl ature al'so specr fies six: Fevels: _Qf g
5-'--saturat|on ranging 5 from grayi sh” (neutral grey) to m)derat ely strong"
“to. "vivid" according to a genstone saturation chart, The term™int ensrty"-"--

“is also usB@ PYHE&Eribe ‘a stone' s saturation.:To despcq'mﬂew?gl‘f@ Har kness or :

RN ght ness of ‘a col .oured stone, the G A'system has nine levels of ‘tone

ranging from"very. very:. Ilght tvery. very dark" -10. according to a Z::':: 5
o genstone tone chart.. A:nuneri cal vaI ue |s4assr gned’ to-each |abel for ‘use. |nj
agrading report. . Wth the exception of hue, each of ‘these =

‘paraneters. by thenselves are rel atively neaningless and they nust be' 'us'ed

- together to neani ng‘h\:‘&lréﬁnb%%'m@en@ﬁﬁ’ﬁh&@‘t‘s &‘o@@b@% agtrérzrttsvfoﬁaken

toget her,. these three parameters w provide 15 a sinple: nuneric.code that '

-~ can - qui ckly anda@@@summ@mrtﬁu@n@mdgragmgmrngtcaé@mmprrsrngastag@gpérs are -
~also: provi ded by the Anerican Gem Trade Association and by American. = = - -
Genol ogi‘cal - Labghigh sgeestonanaydie suppeded. dsortegnbring sneased inonewesing use

A s et »
.ﬁcrrterlafor r the em"
“returns:to yogré?éeiﬁ{ffliekg1 19%@%&3% hltgfr“gqﬁé(o é(;/r’oﬁ?)t H‘?I'ﬁggr?#%kﬁft%ty age 9

~brilliancy of S{fhgassgbablases vérlgaa@@msbﬁtoﬂms;dmm tokhg irfidek i Gem |
- Laborat ory . in Lucerne, -Switzerland (G3) is one of 'the 25l eading:testi ng:
~l'aboratories i rﬂtﬁhmtl@tal taseranepatest IGmmﬁehD@tF“@r@@CBﬂhﬁhewr@eblmhghmodrcam)nds

.~ colourless. di anonds, and r al so test--di anonds. for .any si gn of - B
REL enhancen@ﬂada@tﬂdda?%'@ﬁ%trﬁe%té?aem%}gr% o fegigandor T T

refractron of the mcrdent irght and rnformation processmg means for cahbratrhg
i 1 O.E. and analysmg the lmages wherem the ;nformat:on processmg means is
: 'c¥anty, scmtrﬂatron brr%irance Eustre drspersron and sheen and wherern the s
| gemstone is supported upon the stage by securlng means engagmg the
*gemstone at its bottom surface e L
. 15 ' a Itis preferred that the stage is rotatable around 360° and tiltable around
o 90 and may be partofagomometer ' _' E L ._ . | L
ltis important that the camera and the or each Irght source be posrtroned |
as close as possrble together so as to mrmtc human opal gradrng, wherein the .
or each light source is as near co-rncrdent as possible to the camera ax|s
20 Preferably, oolour assessment of the gemstone is wrth an mstructron set -
for colour calibrating the images and then analysing the colour calibrated
images by segmentation and histegram measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is an isometric side view of a gemstone assessment, evaruatton
25  and grading apparatus according to a first embaodiment of the invention.
Fig. 2 is a view of the camera and lighting arrangements of the

apparatus of Fig. 1. -



WO 2010/ 040180PCT/ A132009/ 001332 12 par. aneters-of - clarity,. col our, cut,.
:'-;'enhancements as vvell as pI ace- of ori gi-n.. Dr arronds are: test ed for- clarlty
-colour, fluorescence, cut, and: synmmetry. “Cenerall Y the ‘gradi ng

“'crlterl a for coloured gemstones o order of decreasr ng- |rrportance can be

:::-.SUITTYB.I‘I sedv\momsﬂ sing:the foll-ow ng SR o CoI our” "~ RyE/Bx0wretisen .

- Bri.ghtness' Cut 10 Shape Proportion Symret ry. dari ty i.nclusions: n*epped :'5;

15° Verrflcatron of - type -as pertaini ng to: gemstone variety:: Degree of
“transparency . of the gemstone Carat V‘él gh‘t5 As per- rndustry s andard
;:Scrntrllatlon I -~ RELNEEH S

Frg 3is a wew of the rotatable and tlEtable stage arrangement of the | . =

- apparatus of F|g 1.

Fig. 4is a view of the apparetus of F;g 1 wrth lts housmg remowad to L o

. ShDWlntefnaIfeatU]-eS R . L - R
| 5 _;'::'j Fzg 5isa lsometnc view of the apparatus of Fsg 1 wath the door of the
© housngopen
8 | Frg 6 isa vrew of the stage arrangement shown in Frg 3 m .a. t|lted -

posrtl on. -

""" Frg 7 shows a BD array oube structure identrfymg the unsque S
5 10 ' i.characterlstlcs ofa gemstone denved from the use of the apparatus (mcludmg
llsoﬁware)of’:'gs L f°5 S '. '_ S '_ T
o Fig. 81 rs a 3D graphrcat representatlon ofthe ootours present in a
'gemstone denved from use of the apparatus (rnc!udrng soﬂware) of Flgs ? to 6 .
- | Fig.9isa 2D hrstogram summarrzzng the gemmo!ogrcal charaotenst;o of .
- 15: a gemstone derived from the use of the apparatus (mcludeng software) of Fags
: '.'1t06 T AR _ I i
MODES FOR CARRYING OUT THE iNVENTION

_ Referrsng fo the apparatus 10 shown in Fig. '! an opai Is abie to be |
| placed on the stage 11 or platform of a gon iometer 12 wrth the stage 'H belng
20 tiltable and rotatable by movement of the gonrometer as shown in Frg. 6. The -
opal may have a maximum size of 5 x 5 x 2cm for the stage 11. In this. o
speoiﬁcation, the tilt and rotation angles will be referred to by th:'e synﬁbol.s q':.-
and , respectively. A level or horizontal position of the stage corresponds to a
reading of @ = 90° when a calibrated electronic digitai camera tS and one or :
25  more calibrated artificial light souroes 14 {see Fig. 2) are directly ovérhead;
From the level position, tilting the stage 11 'eWay from the one or more Iight :

sources 14 resulted in a reading decreasing from @ = 90° o 0°.. g



.20 surface reflection/refraction fromsmaller facets. - "twnkling” effect.
-as the stoneis rmoved Bril | i:ance “Return of light fromithe “genst one whi ch

has been internally reflected and hence has- colour produced by fllterlng
g;through the- col oured material of the 259enstone “0 20101040180PCT/AU2009/00
332 13 Lustweriquifkace feature- of the genstone - analpgpysmmgmhﬂﬁ flneness
~of: pO|ISh hi-gh l.ustre produces sharp edged surface reflecti:ons while. Iow
l'ustre produces dull: or.fuzzy edged surface reflections. 5 Di spersron ;“']
._Resultlng fron1the breaklng up of -white E$ght into its, spectral r.* *1-q
~.components-nore: charact eristic of dianonds than ot-her coloured: genstones
- col-oured gens shomllom/dlsper3|on Sheen:-10a Pl ay of Ilght due to the: SR

internal charact | SCLOSUR It i
mernal charact er Bl dbelud MWL) fa D B R E?U%%i%’aﬁmd.taﬁwa&w Corat 'es;;-

" the aforementi gaﬁﬁbrefb@m@@mé?meatﬁéh@{t%@bﬁ%w%nﬂ @%Jr %?Hztvﬁ{g to at.

ol east prow de a useful- - alternative I:S.anot r}oresent
~ihvention to ptreMicdsing mpastatumsin iy 4rethb edsitiboof A8 HEBtIRIes 'Y Ahidtd-en and

- gradi ng of -genstones in an objective, consistent:and autonmated manner. -so. ‘as:
“to allow stand&teEsidmasmtess *Scﬂﬁa‘lgsﬁfﬁdha:)@mrad@n%w@ﬁbaﬂhay Bteyequidibgsi S and
z-f?:,:dzﬁyeize ﬁarg@zrr°%@£%r@mnrﬂf%sr%%§r4rge%asr%q‘ze%aa,ss'@égmzdai e
e accept or. pay ff%rca?negﬁﬁﬁg fover the shoulder). Thes is to rephcate the hghtmg ey
i - conditlons used for human opa! gradlng 3 _ ; B
| The housmg 15 has an access door 18 for andmg the opal onto the :;.-. '
_ | centre of the stage 11 The door 18 has a soienozd lock 19 S0 that rt can be. |
Sl 1_0.: . opened oniy When safe to do so such as when the stage 11 has ceesed any ;
il movement When opened the stage 11 will not be abie to move
' nght proof coohng fans wnth vents 20 are provrded at the top and Iower?'ﬁ__;"_' :.f e
srdes of ’the housmg 15 to allow for ccnvection coolmg of the appara’tus On |
| - opposite sxdes of the I|ght sources 14 and the camera 16 are & cooisng fan wrthf;' ot
o 15 vent 20a and aventgnife 20b. S Lo o
o There is a motor control unlt 21 Eocated wzthm a sec:tlon of the housmg
15 that is separated by a waH 22 from the camera 16, ltght sources 14 and the 3
gomometer 12 The unlt 21 has an onloﬁ’ swrtch 24 and indicator !amp, and o |
mciudes servomotor drlver cards, contactors of Iamps safety cm:untry and a. .
20 ~ main |sofator connecteci toa persona! computer {not shown) at which i image
calibration and image analysis will be controlled by software. A shaft and
gearing assembly 23 driven bythe motor control unit 21 controls the rotation
and tilting of the goniometer 12 and its stage 11 in cooperation with a -
movement [imit switch assembly. There is a homing inductive sensar or switch
25 A0 mounted towall 22 and a homing 'meta! spigot 42 mounted to a crank arm

44 of the motor control unit 21, The l:mﬁ switch assembly is positioned s as to

safely contrc! or preset the limits in the range of movement of the stage 11..



. The disclosure in international Patent Application:No.: POI/ AU2008/ 000459 is
“incorporated herein by reference. The: appar at us’ and rret hods: di. scl osed e

" therein nay, to the extent -that woul d be: readlly apprecr ated by a person

5 sered in the art, be:useful for the purposes’ of ‘the: priesent. 25invention.
 This appli e;a);togydagxtgm t he hardware and sof tware, and: mnmwbsarmhsezto col: our '
'-'-_.caI ibratian: and segnentation and h| st ogram anaI yS| S. PCT/-AL12009/ 001332

- According to the i nvention, there s provi ded ‘an: apparat us for assessnent '

~‘eval uation-and gradi ng of gemstones corrpf!‘r?sr ng. a stage upon whr ch a.

_fgemstone may be supported t he- stage bei ng encl osed in ‘a-housing. that
i npervious to Irght at |'east “one:light source.located in the housing: and

”:_-adapt'ed 1o project [ ont .one s.for-rotating and
~titting the stage som;{t)s&tﬁ%\gu?r%ﬁws C8 r'teﬂtaa?ﬁ%rﬁ% t°t%°5@nt¥tedwe to'the =~
~incident light, Aadi@kitRk of ARSI & « &b e ent the or -
. each Irght sourgeaand adap)te élgﬁ?%&e&sﬁ%(j?qwé H]% gﬂﬁgpbased on 'ﬁr“ '
-reflection and/ or r efheactrman 16fw!hrhierslmm@mtaw sygbhron&l&d w;fhftﬂé'?’r%\)e%n%

e

. processing -neans: for calibrating-and anal ysing the images, -wherein t
. i.nf.ormat.ion pr o@é&“@.swem%ﬁsreﬁe spriegefdmaaes slimutinie englestn onles &t qudntfy.

.assessing.on

s-arr. angerrent of

; clarit cintillation, brrllrance
lustre, di sp8rsi eqﬁ)aﬁﬁgv%rﬁggﬁﬂl E %"é%?%a‘?%% g%ft@f%r‘f@ag%%ﬁhfﬁ)rted upon.*
- the stage by se sur.face. It
i.s preferred thgtsl Biﬂﬁgegtg%rg}%sslg&?gtjg%a%t@ggﬁgﬁcﬁ%@6%g%¢ryP %f"a‘?ﬁtﬁé B#'ound: 90,
~‘and may be par t wifle bodiiny thiarbmbra drd light soupessiaB, dridvikdit g aARd the or
- each light: source be positioned as close as possible together so as to:: .
“'m mi ¢ human’ opallgfyrsadfcﬁgwmméﬁ%ﬂnﬂ fhhé”é!ﬁgleaéwelrbfgmn stage fized prasmeear..
co-incident as:possible t ‘the-camera axis. 20 Preferably, col our
rassessment of: t é‘&ﬂ%‘t’b‘ﬁ *-wi.th an instruction set for col: our -

“calibrating4phe. | MEQRRa Eg,e‘@ aafb% S : es by
:_':'segrrent ation and. hi st oaﬁla%erreasijr erre)rét brﬁ%}g’d%ﬁr B@S%VBW@”I%@
“Fig. 1°s an i soomtining tisé ojsal wrmmroﬁh@stg@émtmpmoﬁasmmmge @flgab"uatl Qn 25and_

'-:-_“gradr ng apparat us accord o a first -enbodi ment. :of ‘the.invention. .. . :
Fig. .2 IS a- VI ew of ¥ @%‘ﬂ’@hﬁ”%ﬁﬂeF’T‘%Iﬁﬁgptdfﬁdéﬁééfﬁéﬁt@ ibthetapel lappar- atus -

of Fig. 1. F]rans!uceﬁ{ g uéygtgr)gné( E%}’toodetgm(ﬁnéﬁw %ﬁrghgﬁ %@%eéﬂ,ghgﬁfw st age

e appar

- apparat us of Fi ge ;ihay@f]'ﬁt bér&arh@tlﬁa‘d]ﬁzl I enoved to show internal - features

- 5Fig. 5 is a isonetric viewof he apparatus of Fig: 1 with the door of - t'he
: housr ng opeﬁﬁ B Wrth forward lrghtmg, thrrty—srx images areoaptured attO" rntervalsfor R

Thls series of images is repeated for 10“’ steps of tilt angle of the stage untrl a
| side view of the opal i is achieved. Some opals may be better surted to 5“ o
' intervals of tilt angle. Although not shown the camera 16 rather thanthe stade o
20 11, may be adapted to filt, _ _ I
The opal is held tight;y {o the 'stage' 11 by a flexible, silicon based suctio.n
cup 17 using suction from beneath the opal. By making the suction cup and
the tubing from the suction cup to the vacuum pump of translucent material,
this system does not occlude the opal in either forward or back lit views. Itis
25 capable of helding the opal firmly enough that the stage 11 can be tilted from
80° (overhead view) to 0° (side view) without the opal falling off. This means

that a user or developer of the apparatus can choose the §mp!ementation which



apparatus.

. Fig. -6-is a view.of the stage. arrangenment:shown in Fig. 3 in-atilted. ...
~position. “Fig. 7 shows a 3D array cube structure |dent|fy|ng the unlque 10
.characteristics of a genstone derived from'the use of the: apparatus 5
~(including software) of Figs.:1to 6./ Fig.: 8 i's-.a 3D graphlcal S '
- .representatd P he colours present in a genst one: QQﬁmmegmﬁﬁQg}use of the
?}ncfuélng software) of Figs. 1:to 6. Fig. 9is a- 20 hrstogran1 '
;3sunnar|2|ng t he gernnol ogi cal - characteristic of 15 a genstone derived from:
the use: of . the apparatus: (rncludlng sof t idr.e) of . ‘Figs. 1to 6. MODES FOR ﬁ
--!CARRYING OUT THE I'NVENTION "Referring to. the apparatus 10 shown i n. Fig. 1,
.?an opal isable to be placed. on. the. stage 11 or..platformof a gonioneter-“

32 M e gt SR A L A Sl R e, o e
- 2cm for the st adRingk snﬁa@[e? t&bﬁ)rmpﬁﬁ%htt;eclmpie‘?ﬁentatﬂﬁ tlé)étlmox?e@q %g%@tﬁkpon Aalngi/gls |

Wil be referred to by the synb res e

- or horizontal pOSItBoﬂwareaﬁh@ﬁbagetywmregémyé%té@xt?edt@aéﬂrhﬂﬂa fof@ls = 90

'.';-_EWnen a. calibrated el ectronic .digital canera 16 and one or .25i re ‘cal i"briat ed
CLartificial Ii grftaseém’ bedy tpne (Jee‘ectemjlcs 25d tor dsplay thebe Weeeerdseeen eBBiym the
“level: positi tilti ng%éhe st a y . fraomthe one or nore-light

“sources 14 reStﬁqu?&erteﬂ Feaiin %‘%@8?@% % §a¢ %}ﬁp@’ltheggﬁyv@re)centmd
:.-3:'2010/ 040180017 %H%R/Qg/so&é\?iégd later in the spemﬁcatmn ST B S

_ _ it waf! be apparent that the apparatus and methods desonbed herein can: .:
f'be readily adapted for assessment eVa]uatron and gredmg of aII cotoured 'ﬁ '_ﬁ_.-::
"gemstones (mciud[ng dlamond sapphlre, ruby, and emera!d) |
i 10 - Colour rmages were ecqutred usmg the camera 16 (Micropubl[sher RTV ': |
BN 5 0 manufactured by Qrmaglng) Thls camera has a dynamrc renge of 10 blts i
: Corfespﬂndmg t0 1024 prxel rntensrty Ieveis for each red, green and b]ue (RGB).';
| channel (correspondmg toa tote! of roughly one brliion cotours that the camera B
can discriminate). The number of plers is 2560 x 1920. The lens attached to -
15 | the camera was a Randd Electromcs macro !ens The focai !ength was 25 mm. |
' andthe aperture was set to /8. - L '
As a light source 14, an mcendescent ltght bulb was used. The gipwmg |
| filament of an mcendescent hght bulb produces hght with a broad spectrum :
So, in terms of the breadth of its spectrum, it is more similar to daylight than =~
20 other light sources, such as fluorescent tubes or light emitting diodes'(LE'Ds.).
which have narrow spikes in their spectral distribution. The potential exists for |
the application of a fight source In a "diffused” manner or oblique manner, so as
to remove glint.
Seen from the position of the opal, the light bulb is a directional light
25 source, covering an angle of approximately 9.1°. A disadvantage of directional
itlumination is that specular reflections from the surface of the opal, also called

giints, can reflect the bright light of the light bulb directly into the camera. For -



16 .. - The-apparatus:incl:udes a |ight inpervious housing 15, and the

“.relative positions of the camera 16, the. light sources 14 and the:

“‘gonl-oneter 12 'wi thin the housi.ng are shovvn in F|g 4. The: p05|t|on of the
-1 ght sources. 14, WhICh are r.ot atabl y- nounted, 'i's. al ongside. the canera. 16

“such ‘that. W@Mlmﬁg.eqw di'stant 5 fromthe stage and tﬂenmgbumsgyr ces. 14"

~.are.as near. co-incident as possible to the camera axis: (ieover: the .
~:shoul der) Th| s is'to repl i.cate the Ilghtl ng ‘condi ti ons: used for hurran opal
Cgrading.. ‘The ‘housi ng ‘15 has an ‘accegs door - 18 for 1oading the opal ces

. onto: the centre of the stage 11.° - The :door . 18 has. asol enoi-d l'ock '19:s0 that

- Li:ght proof

~unit.21 located within-a section of -the housing 15 f . 1.s separa

~“the gonioneter. 12 and its 'stage 11 in cooperation w:t

it can be 10 opened only: Wnen safe to do so such as. vvhen t-he st age 11 has

o ceased an m)v ned he st 11 witl not -be able to nove -
| i T e SBke T iRee RRPR Yalbodo @"W%@?Qﬁéd'sa%atti@eed@pﬁmd Tover

~sides of the hoyshigo 3865 1 basuonl LROMYECI 4(af, 6991090 e, appar at us.

';'01 OppOSIte sides of .the light .sources a cooli ng :
~fan wi'th 15ventTha@érarteas ofiht gl B 3R cted in the aFﬁQ@é@ah& eﬁciU@éa‘)ﬁ?;ﬁg“Lr ol

5 €d Dy .a
Cwall 22 fromtfﬁlé’th@aﬁeﬁfaszaesdesfglbtediasame@apecdnamhe gonl oneter 12. The =
Sounits 21 has an on/d% Q §4 ang indj cat'or l'anp, _and.incl-udes servom)t or .
driver card§, cont ?8}‘ GB‘P ¢! %?%WOGPH‘WC?WﬂWSaSEOamm i'sol ator. .

“iconnected to- a tpa‘?ﬁ%@%%th?rptﬁe %’?irél(@pet $ guég& wh ch H% ??I brat.i.on: and

. 'i'mage anal'ysis W e-contro assenbl y

23 driven by t hemsm) il tﬁ@r@fdr@bbéé?béaﬁéstﬁﬂﬁ@r[tﬂla%nbﬁ%fr %&ﬂhﬂggg%@ﬁ?él [ting of

~'swit ch assenbl ypalw@ﬁ@an@@th@mewgtglamdlmtﬁwe ghendight srurss)ithie B 2pve40 m)unt ed
L to wail 22 andah?gtr}gvﬂg 4)%}%42 mounted:t.0 a crank arm 44 of the - -
~notor control @M% 233 h‘TrFfﬁf d fjé’ﬁf%%@'ﬁﬂ“ﬁ’ﬁ@vﬂwlﬁhtbﬁédhtso as to .
".'safely conypol r e of “the st age
T Atﬂgow o %rﬂg%?cﬁér@’%%”%ferﬁ é1$"é'%ﬁ'%d' C%ur\fg’}rﬁgi‘éﬁféw ics of
:an opal, ‘the t v silepitiaréStfifashead Ffdras@rg@ereaqlgatysatrc@%ﬁw 1s280erRdy tone -

Clare critical., The camera-16, which is automatically synchronized wth the

"opal is ac

- nmovement. of - thé'%’ﬂ%tg@’d s ﬂtﬂ@sWIabQ@bBeye@@vermdgr@er atearnfitis @bee. Bo@ es in
- corder t.0. quant r.the ful e .of view.ng angles.. Sever aI _
- image capture Ee%i?ip‘naés Ffeasé & BPEmE arsﬁl@ﬂ&‘é(g ciefe iy asressingt ei on. st age _
1L hol di ng. t heqa) ordidgel, hReiicdfordiey AR gfhtédlgcehﬁmavg?ckjhges fixed, or
" moving the canera and - |ght sour ces Wwhil eepin e trl angle of : the o
~rotation sﬂégesﬂandwdlsed)r some “combi nat i on “of - these ‘Initially the canmera 16
1S posi t| oned di reFt above the rotation stage 11 containing the: opal
-~ wherein the stage |é’r\é’l§’s‘i7‘?9%ﬁ@:%*%¥°raet3m PPahngP elased 9odhe SUOWJU U AEK - o
1ighting, one e opa transl ucent _
1008, Ot bR GRS YRl 1B HELEA Rk S SeRRRh e LAB v £
the image. t hat positaifign slhgaitthe s\ b'?atf é"ﬁfﬂtdiésﬂh“ ng, thirty-six inages
~.are captured at 100 intervals for O 00 of - rotation, aIthough 50
“interval s may be bépt ef ogals, t’deejtltmmmasp@lrzed oV s5ramgs bBS0°Th stepB@ES i S
repeated fﬁé 100 steps of tilt angle of the stage until a side view of ‘the
e

a

ved: Some opals may be better suited to 50 |ntervals of tilt

:_gggt’j1 gaptﬁdeé NOugR. NOrE ReNMon drife 6 VB ERoVaried ALMTF 1§ BBFY if BRpS! age 20 11, may

A controlled switching application of the light sources 14 was used to
measure the “play of colour”.
As will be described in more detail later in the speciﬂoation., the images
25  taken at two diiferent exposure times were combined into a eingte image with

extended dynamic range. For this, the image taken at the long exposure time. :



..The opal is:.held trghtly to the.stage 11 by a flexible, silicon based:

“suction cup 17 ‘usi ng- suction from beneat h the opal-. By nakl ng ‘the: suctron

~cup and. the tubr ng ‘from+the suction cup to. the: vacuum punp of  translucent -

et erlal " ~this systemdoes notoccl ude the opal “in ei ther forward or

o back It vw@m/ghmsa s 25capabl & of hol ding the opal fm’mﬁmemh&h that. the. _

5'-_.__-'_stage 11 can be tilted from90 (overhead view) to:0 {side view w thout thei

- opal falli ng of f. This" rreans that ‘a..user.. or’ devel: oper of - the -apparat.us can
= 'choose 't he i npl.ementation: whi'ch. PCT/ AU2@09/ 001332 uses stage. tilt rather:
“‘than canera nmovenent. This has the advant age of having a smaller: footprint
““than'the. rrrpl enent ation:that -noves the canera.  Software i's used to anal yse

it hese i mages to of .the flash: body tone :' "

- characteristics gjr?tdﬁgg’gsdﬁgéqu%@%%%§ep' RN g ﬁn&ﬁalé’aéleﬁweé‘éﬁ‘fﬁ‘@t?énded

;_;_:'manner A descrim 1h@rb,x@fs%o{heat,@geq&{kehlée2§%ftware controlled analysis is
~provided l.ater-in the specification.: It be apparent that the. appar at us

~~and -methods descr i btie keteailed eage eagetatitdiyedsigpthedaiis 48388 SRENT |

eval uation-and ‘grading of ‘all colour edﬂgemst ones (including di anond, :
- -sapphire, ‘ruby, S‘Jétﬁﬁleé‘?fe‘rah?lulﬂmg thel laur and beehtoease/alueguif thedopes, ng:rithe canera -

o M. f ed b hi h
T S 55 A v G .01 o
~each red, greenspnd Hauan{RR)s RAN Gifrads! Ella‘ﬁd?%(abggtheaﬁac%%tﬁﬁlg}do& roughly

- P
~one. bi'l'ti'on col ours. that the canera .can ﬁ I.scrim-nate). - pi. xel S

© i's 2560 x 1920.RGBémhgssecaistasbeditratet kea davBs-RdspendenRaREdy BRG] §oNi CS -

.macro 1ens The focal _| ength ‘was 25: nm and the: aperture was set to f/8. As; :
“a light source ®RUraphip feasereseahel ddannests b beeﬁsapmr@te fﬁhdegirﬂvVMgrtge

filament of an e t  bul duces ht with a broad R
-~ ispectrum So, COE glgﬁ%rargtenetﬁaogﬁ ”9%853’ fofl? 265 &Lﬁ'{]a parsesWiore simi I ar
~to dayli ghtqd hajhdgpsté}tdher i ght sources such as fl uorescent tubes.or |i ght_

cemtting. di odes (LEDs) . which have narrow:spikes in their spectral.

~distribution. The p&oealttypds cemmumcfgummchesanownseeesamtcpéor@lﬂda%llatesé%ur ce in

-~ a "diffused" manner or obl i que- manner,. so as to. renmove glint. Seen. fromthe'

--;rllumnatron i

:wposi tion of. théh%ﬁ%ﬂge"'tpﬁér ‘P@@HltYS'BBI”Eﬁ“”r @"E@”Elr lttscit'$%h%£lesl5til'gh® sefmsutince,
~~covering an an f advanta of - di r:ecti onal ;i-:i
3 SJ o of%BB{ﬂf%l E!%ﬁ m'?%%E r%el’l?é"%e e\l@fé@ StPst h’ea"opal

: Spec S
. also called gl Id@lcﬁlre(ﬁ@?ndt@'fds%ﬂl bé B@aéﬁrltt@llsi thelsﬁﬁfﬁe ﬁffoﬁrﬁ?a 4 eQBESrQﬂEQ; irectly

o nto the canera.  For
s S 15 lnternational Patent Appllcatlon No PCT/AUEOOB/DOD459 and mcorporated o
herem by reference _' RO ' C
All coloured gemstones have a number of attnbutes or charactenstrce
that may be measured by these steps These are as follows S
ATTRIBUTE MEASUREMENTS SR |
20° Colour
e Hue
»  Saturation
» Brighinass
Unlike opals which display different flash colours at different viewing
25 angles, other coloured gemstones will generally have the same internal colours

present when at all viewing angles. We will call it the body colour to distinguish

it from the colour due to surface reflections. Most coloured gemstones are not



+WD 2010/.040180PCT/ AU2009/.001332 19 sur face -posi.tions. where glints occur,

. the camera sensor is saturated: and no ‘information about the colour and

brightness of ‘the: opal: can- be obtained. Therefore, areas of :glint have to

- ‘bhe" det ect ed in the images and: excluded from further analysis, as descri bed

later’in thﬁ)@ﬂﬁm}f@@ cati.on. -5A: si-npl e nodel for. expl ato"nm“gzobémnﬁﬁcurrence
~of: flashes is-to.assune that facets wthin the opal act 1like small col oured

mirrors. ‘The vi evier (or the canera) will therefore observe a flash when 't he
-rangl e of Ilght InC|dent on-the opal - is: thetsane as thhe view ng angle. “Fora
ﬁ}giVenﬁtight ‘source, the observed area of flash will therefore depend on the:
solid.angl e covered by the.light - Osource,. “The sneller the sol i-d: angle

: he h h h. £
{aghes oy 5, o S2babit bR e T R i P rfc{t@ﬁra%ree@éar 56 Yol id
-angle, flash wildynhge Wﬁét&!&‘rgm%{r%né‘? Io@écﬂﬁé d@éc‘?@ec‘i’f Itnw?n %Fl\%t that. __f o.r.

-the area of flash.to beconme an objective crlterlon

“quality of an opwhlicdtbe Ndi PGEML@@&BJCOMS@‘totqhQnﬂWﬂﬁ%e%@%%@foﬂté| have to be.
~-15standar di sed.. - - - For the image acquisition, each opal  was:" pl aced on.

“the suction ‘cup Clll at the centre of the stage 11 of the goni: oneter 12 and -
;.-:_'secured W th_sucti to prevent it fromslidi ng . off ‘the stage at--lLarge t||t
“‘angl.es.’ For éll op§F§ .the tilt angle 0 was varied over a range. of 900 i n £
- ‘steps of 2010 IhePFo%Bﬁfohon angl e 0 was .al so varied.from00-to 3600 in.
~.steps of 100 control | ed SWi tchl ng: appl i c_:atl onof  the Ilght sour ces
14 was used to ﬁeasyme]etrpe 'pl ay of: colour". As wll" be descrl bed in nore
“detail later inthe specification, the |mages 25 taken at two different
: -_exposure ti mes vier e E@rﬁ@ﬁhetﬂ!ermﬁ®0§ps¢ia|gta@e|mg;elﬁmmde assoc;ated with the fE

| shape of the stone So there was no automated method for ana!ysmg the
__‘10_5 | segmented shepe of an opal For other coloured gemstones the out |s of
o cons;derable srgnit'cance and tends to be one of seVeral forma! shapee such .::-'::'.f :_
' 'as antsque cushlon baguette emerald bnotette pear marqufse step th!aant ':;_: 3
| oabochon and prmcese SR TR _' o | | o
N Consequent!y there isa need to automatxoa!ly 1dentlfy the cut class and.-_. e
| 15 to measure the shape perameters speCIfc to that olass To do thls we requlre ; o
| multlplewewsofthestone TR SHCEE ”
o with the stone he!d at its base, a top view of the stone show:ng th.e-._ '
| shape of the table from the stone segmentetlon the onentat;on of _ :-. o
‘the best fit elhpse will mdtoate if the stone is olrcu!ar or eiongated
20 o from thts we can determmethe stage rotaton angies ahgned WJth
the long axis and short axis of the stone |
s with the stone held at its top, two side-on views of the stone at the -
stage rotation angles of the long and short axes~ showing the side
profile of the pavilion and the table along the long and short e'xes._ .
25 : After segmenting the stone in each of these views, we need to classify
the cut. There is a variety of standard shaoe matching te'ohniques'which could

be used for this ~ template matching (using correlation with templates of eecn-



~.extended .dynam.c range.. For this, the inmage taken at: the |long exposure tinme:
ji"-\AD 2010/ 040180 PCT/ AU2009/ 001332 20 of 32 ms was used as a basl S. Plxel s o
St aken at. 2 me. '; The extended range tnrages obt ai ned W, th the carrera 16 :
-are not surW(&bﬂlt&mﬁm cal cul ating the col our and bri: ghrmesezwemmm of. the
opals. First, 5 Ilghtl ng. non- unlformtres need to be: corrected.: Then '
'_-;because each: Ilght source and canmera has sli ghtly different: [
“characteristics, the device- dependent ‘RGR2 iinage needs to- be cal'ibr at ed to a
- device- |ndependent ‘measurenent of col our. Thi §: rreasurement of -colour* needs '

to be appropriate for describing the col our- characteri stics of flash and"

oot hur 0a gemst SAED < PRy REL Btphbat 88%*%%8%%{?85?%% st Sl

;-"'p“ or to ana y%bﬂ%ké%ﬂen@&tﬁﬂtﬁer%&sch §§t @r‘é@éﬁﬁéefdé@e%r%?ﬁ”t the

- ;portlon ‘of ‘each i mage containing the col o red-.genstone hese steps for al 1
.~col oured genetegjemgwe{dfgb@a@tﬂmsantlal l'y the sanme'as for opals as descrl bed

~.in 15 International Patent Application No PCT/ AU2008/ 000459 and

~i-ncorporated herei mayngrt@mreeae class of cutAwe tees) eagddd Wt&)‘rﬁ@sshlaaee a T
: -52?2‘83 ?Leita‘ PSR S ek B e e SRR e Lﬂise S
Sat Yr at ion- srmp[eet me’thod (s to custom desrgn parameter measurement procedures for b
S each class of cet For example for a baguette cut the mmtmum enclosmg R
:'reetangle of the segmented top wew wril give the iength and Wtdth of the gzrdl 5 ._
Fmdmg the w:dest po;nt ln ‘the segmented longeekte szde vzew wr!E spht the ieng~ : S
10 -"axte s;de profie mto the table region end the pawhon reg:on The 1ength and
o .Wicfth of these reglons wnl yteld the dimensrons and angtes of the long-ems ef
N the stone, A similar process on the segmented short~axns eqde VleW wzll gtve the _
| rematnder of the parameters ta charac:tense the baguette eut The other cuts o o
. can be quantsfed in an enalogous manner:
' 15 | Clarity - |
o . !nc!usrons mapped ; S | i
s Venﬁcatten of type as pertammg to gemstone varsety
s Degree of trensperency of the gemstone - 5 |
o The transparency of the gemstone can be asseesed uelng the beckht
2'0' view in the same way thet opals are tested if they are crystal Samtier[y | |
macroscopic inclusions can be detected by thresholding this image in the sa:m.e: .
way that crystals are tested for dpeque veins of potch. Microscopic inclusions -
gan only be detected in a separate Instrument which has the equivalent of a
microscope objective to produce x20 or x40 magnification of the stone.
25  Carat Weight '
= Asper industry standard

This is not a feature which can be assessed visually.



-Brightness:Unlike opals which display. different flash colours-at: di-fferent . -
Sviewing 25 angl es; ‘ot her col oured: gemstones will general Ly ‘have the" sanme
i pternal . col our s present ‘when at - all view ng: angles.. W will call it the
:‘body colour -to distingui shit: fromthe col.our -due. to surface refl ect: ons
- “Nbst ‘col oumej:bogﬂnm(pnes are -not. -0 2010/ 040180 PCT/ ALﬂOﬂQﬁiD@sx/ch;&i
'-_zr__unifornly one .col our:. They often have two or: nore body col-ours present V\é ___;j
~.can use -the hi stogram bi nni ng procedure described in lnternati: onal Patent
'Appllcatlon No 'PCT/: AU2008/ 000459t 0 ‘quant3¥y. these body ‘col ours. -Cut: Shape '
~Proportion Sym'retry - For . opals there.is:no- speci al value or - ... 0

o signi ficance associ-at ed’ “with the shape of .‘the stone. So there was no

. col our ed genst ones,

~aut omat ed et ho o8.ih,8fi tﬂdhal ysing the 10 segnent ed shape -of - an-opal . ‘For: ot"her':-
? cut i s of considerabl e significance and tends to" be-f

one of several §orREbcMARISctioR Wok, eﬁaleﬁtacee& %ﬁhl;ﬂ%ﬁga%%&%mn@l”a' d,
~briolette, pear, marquise, step, trilliant; cabochon-and princess.”

- Consequently t her endveda need to automati cal Ly identify the cut’ class: and 15:.
~-to neasure the shape: pararret ers specific to that class. To do'this we :
= reqU| re rrul t| ple vi énv\gpele tlﬂ%g;rgqc@,ﬁ@’leetlon cal!ed glmt:s an unwanted phenomenon LI

: 5 andis detected solely t‘orthe purposes of maskmg it out when makmg
| ::. _ measuremems of body tone or ﬂash ln other coloured gemstones the surl‘ace S
reﬂectlons from the many facets of the gemstone produce ecmtnllatlon This can S
‘be quantzfed by measurmg the varsatzon in ampl:tude of glrnt wrth chenges i s _
| rotation angle in the top view of the stone e s
| 10 :Bnlllance o | _ o .
i _. ”- | Retum ofl:ght from the gemstone Wthh has been mtemally reflected and
| hence has colour produced by ﬁltenng through the coloured matena! of the
gemstone BT SR _' |
 Brilliancein other coloured gemstones is analogous to ﬁash m. opals. We ...
15.-: “can quantrfy bnll:ance in the same way as we quantlfy ﬂash in opals S
e Surface feature of the gemstone analogous to the ﬁner\ess of pollsh hzgh
 lustre produces sharp’ edged surface reﬁec‘zzons wh:le low luetre produces - -
' dull or fuzzy edged surface reflectrons ERE N o '_ L
.20 ' This attribute is of most lmportance for pearls lt can be quantified by.
reporting the sharpness of the edges of surface reflections, or gllnt The
method for detecting glint will be the same as that used for opals. This will give
a mask of the glint region within the stone mask. The difference betwsen a |
dilated and eroded version of the glint mask will give a mask of the region |
25  containing the glint edge. The amplitude of an edge filter, such as a sobel filter, = -
within this glint edge mask will give a rz-umericel measure of the sharpness of

the edge, and hence of the lustre. High edge filter vaiues (sharp edges) Will '



.W.th the.stone held at its base, a top.viewof the stone -. showng the . ..
-_.fi'ishape ‘of “t'he table; fromthe stone segment atlon ‘the orientation of the S
" best fit elli pse Wi I | indicate if the stone is circular or el ongated

-20from this, we can: deternine the stage rotation angl.es:aligned with the .
. long ‘axi's mgﬁ]nemg axi s of the stone, with the stonemeldooatoidsts: top,- ‘WO
~side-on views of the stone at the st age r ot atl on. angl es of the long and -

~short axes- - showing the side - - . profl l'e.of the: pavilion and

~~the table along the 1ong and: short . axes. 2Q5After segrrentl ng the stonein.

~each of these views, we need to classify the cut. There is a vari ety of:
‘standard. shape fTB.tChI ng- t-echni ques ‘whi ch couI d be used:-for- t-hl- S terrpl ate

matchi ng. (usi n

| h t
'5:20101040180PCT i ’8@'}?@ Ew‘é%’ c?@? fer lesa@gze Féaﬁ\?/\?dh” @ﬂ'qaeten on and

“scal e invariany, Sﬁgape attributes, such as Zerni cke nonents -or Fourier

~-descri ptors using class rules der| ved fromtral ning data for each class).
- “Havi ng i dent.i f Desperéioncl ass of cut ‘we. 't hen ‘need to measure the shape 5 -

-;pararret ers specific to this cut. There are several techni ques for this. T_he
_ sinpl est nethod |Betutirred@mbﬂnedeeﬁkgm kpaefawteeeehmeasierseeeml qrygcednises for

~each class of - cut For exa tf uette c t he mi ni.mum encl osi ng-

" rectangle og t he 'QeGHROALAS gg)'tgﬁcbo\f{) Sltga‘b?q}%“rﬁ‘i?\@eﬂ’@h’@@ﬁ eeHr@fdt h of the

~.gi rdle.. Finding Og&%r%%%o&% HPEQ Jpe segmented- | ong-axi s side vi ew. will
XI

:_Qspllt thelongl S sl i'nto the table region and the pav1I|on E
Tegion..-The l'ength eceeergmﬂltéfeeftc bhepsed Q@p@ﬁfoﬂgérﬂts’t&(ﬂt@é \Qhér%%ﬁéé}%@s' ons and
I'm

“angl es’ of the | ong-axi s of-the stone. A's process on the segnented-
“‘short-axis si deny pieppinfsiof sgiofrel ttdtmirﬁereadlmﬂaredcﬁsihhetqmanemmmthe o

.charactetl se tEth b?g%ﬁtte cut: IThe ot her - cuts.can_be c'1|uant|f|ed inan.
7 anal ogous mann ugperﬁye colours we see are ot rea ytherex the gemstone T

- 10’ mstead they are created by the behaviour of Whtte hght in the stone. |
R Drspersten results when hght paesesthrough a transparent materlal Wlth
inclined surfaces (Itke a prssm or a faceted gemstcne) Aithough the term ‘“f“re” e
- is gemmolog%ca[{y equwaient to dtsperston “ﬁre i$'s0 frequentty mlsused to _
* mean either bnElIance {totai !tght return) or scmtll!atlon (twmkl:ng), that the term S
15 “dispersion” will be used in this deecr]ptien fc'r the sake of 'clan'ty '
o White hght is, of course, made up of a spectrum of wavelengths from ' o
| re!atn/e!y long (red) to relatively short {blue and vso]et) Each of these _
wavelengths is bent to a different degree (red less, blue more) when passing: ~
from airinto a denser medium like a gemstore. When the bent light waves exit
20  through an inclined surface (like a facet}, dependiﬂg on the degree of bend (or
refraction), they may show as distinct spectral colours. The ability of a gem
species to show dispersion Is, therefore, roughly correlated with the density and
refractive index of the gem material itself.
This property is a distinctive characteristic of each gem species and can
25 be used in the process of identifying a gemsione.
Dispersion can be measured with a refractomster and the apparatus of

the invention includes such refractometer means. Dispersion is usually



I'ncl usions mapped Verification of type.as pertaining to: genstone variety:. ...
" ‘Degree of transparency of ‘the. gem;tone The. transparency . of the genst one- can-':.
"'be ‘assessed-using the backl it 20view:in the sane: “hay that .opal's-are: tested

“if they are .crystal. Simlarly macroscopic inclusions can be detected: by -

.threshol di n’g)tﬁm!feﬁllshage in the same.- way t hat . -cryst al sPGI&U08%0M82f Or opaque'
~veins of pot ch: M croscopi-c:inclusicons can: onIy be det ect ed in.a’ separate
._':':rnstrunent whi ch has the equival ent of a ni croscape. obj.ective to produce ,.i
X20 -or x40 magnrfrcatlon of the 'stone.. 238Carat Wi ght a As per |ndustry g
'_'_-standard Thi's. is not a'feature which can be" assessed Vi sual ly.." W\D:20 0/ 040'
:80PCT/ AU2009/ 00133223 Scintillation. Reflectionlref raction from'smaller:

o Tectt on el 1B FnBieAD S AONR BB | BRI S BB S, .

~for the: purpose;s,dpagsrraskr ng it-out when maki ng measurenents of body tone:- or'
. flash.:I'n other coloured gemstones ‘the surface refl ections f_rom_t he ‘many -
~facets of the genstone: produce scintillation. Thi's can be quantified: by -
'-'-_rreasurrng the variation in a Irtude of glrnt vvrth changes |n rotatron ;
j{_angl e in the toﬁhﬁﬁfew %‘ﬁYtoﬁg Wne, . B AR | |

5 e Play of trght due to the interna! charactenstrcs of the stone o e
E . Sheen in other coloured gemstones is analogous to ptay of co[our’ in: o
'.opa[s We can quantrfy sheen m the same way as we quentrfy p!ay of co[our‘ in _ |
HIODHES S
| PR ‘Play of cotour’ occurs rf ﬂash of a specrfac colour changes pos:tson or rf |
- 10 a specn‘"c reg!on ofﬂash changes co]our es the v1ew1ng angle rs chenged |
'_ ::Ftesh hzstograms wrll not necessanly detect thrs as they do not take mto
account the spatral [ocetron ofthe ﬁash To measure thrs attnbute We need to |
| compare mages taken wrth dlfferent (say, two) Irghtrng angtee for a serious of
) rotatronandtriteng]es SR R
’ ‘tS 1 Geometnc drstortron of the stone wall be present if we attempt to
- _. oompare images from dtﬁerent stage trlt angtes Therefore rt is preferabte to
| compare images taken at drfferent stage rotatron angles, or drﬁerent trghtmg
angles for a 90° stege tilt angle Images taken at dlfferent stage rotatron angies
| must be rotated back in software in order to ahgn them before they can be
20 - compared Thrs s’fep is not necessary if different lighting angles are used.
However, if d:ﬁereot lighting angles are used then each separate Irght source
must have its own set of colour calibration files. - - e
A “play of colour” measure must detect both presentatione of ".piay of_
colour”, e, change of colour or change of position. There are several weye of |
25 doing this. One simple method is to take the average of the absolute cirﬁ‘erence
of the two co-registered views for a series of rotatlon angles, say every 10 |

degrees. At a single rotation angle, the ‘difference” score is defned as the sum '



___-=-._-10Bl‘l I-liance - Return of I |ght from the: gemst one. V\/m ch has been & nt ernal ly

:;;-naterl aI of the gemstone r-z;-f:- - Brl I |4 ance in: ot her col our ed gemstones '
:-i's .analogous to flash in .opal: s.. Ve 15can: quantlfy brifliance in the same. . =
;"_'way as ‘we Gatodiyisd 1 ash-in opal s, -Lustre o Surface: fmﬁmz@oﬁfazﬁhe gemstone?
s analogous to the: fi.neness: of- polrsh ‘hi gh lustre produces sharp: edged.
surface: refl-ections while low lustre" produces dull . or fuzzy ‘edged surface

f:-freflectrons 20Thi's attrlbute i's” of ‘nmost |21’portance for:pearls, ‘It can be:
n;quantrfred by reporting the’ sharpness of ‘the edges- of surface refI ectrons

::5'_}or glint. The nethod for"- detecting glint w II be: t he: same as that used for N

e e g T

~'a mask of the g6 ARSRIGPHLANS ol B s £119% rodNBeBTRLY 1S ofop ed0e

“ofilter, -such as a sobel | ter hi'n I nt. el _
Snumeri cal ‘measuthe siRGB iegahar pness of - t he edge and- hence of the lustre.. .
" Hi.gh-edge filter values (sharp edges) will 24 indicate high Iustre and Iow_-
~.edge filter values (l'réuﬁ@iﬂ re@lgesranﬂeslcolpnobeiwem thevnb viiwse thdd the p e Ts i o

n Resulting fro he breakin ite Ii into its-spectral
- '-conponent s § fBérF HPatios W@ﬁl’e@e%r ﬁh"&ﬁﬁ%‘s‘g@ﬁé’@%‘l"ﬁ@r‘@cﬂ Biehet ones;

T Sy s s g B St G e RO

::; pr operty of genst ones wher €b pi-npoi n ol ours are;_
“di spl ayed as t h&g&in@lmresfﬁ;oﬁlthsmﬁlﬁt HoBcibg, thed e TR rehRP8ESE YR 5ok ngeﬁli We:see

~are not really there in the genstone; 10i nst ead they-are .created
behavr our. of whlhtSe lhe@n@reuqantbnecs!edrrehave arange of 0 to 1 by d!wdmg by the -
B ' "drf‘ference" score of the marker stone w;th the greatest "play of colour" g
' '1(_)'{ Alternatwely, the score can be scaled from 4 to 100, with scores olose to O
o _' mdlcatmg lrttle play of colour and scores close to 100 mdrcatlng much play of
'colour | R R
| IMAGE CALIBRATION
Extended Exposure N R
15': : '; The bnghtness of opals covers a Very wrde dynamsc range from very |
. dark areas of body tone to ﬂash regions that are typically orders of magmtude L
': .bnghter Thrs range of brrghtness exceeds the dynamlc range that a s’randard
o camera can ceplure ina smgle 1mage To capture the full range of bnghtness
| _encountered in opals wsthout losrng rnformatron due to over- or under—exposure |
20  apalrofi rmagos is captured st drfferent exposure trmes The chosen camera
has a ’EO-bit dynamrc range for each red (R), green (G) and blue (B) channel : |
image glving pixels in the range of 0 to 1023. Images lyn and long are captu;red |
at two exposures, 2ms and 32ms respectwely, and combined to give an rmage
of extended dynamrc range, ley, as shOWn in Egqn 1 bel low. This gwes a
25  brightness range of 0 to >10,000. _

loxr:_ |Iang. o E o i long < thr



~Di spersi.on. resul.ts when |ight- passes:. ‘through: a. transparent. mat erical with:

~linclined surfaces (like a prismor a faceted gerrstone) ‘Al'though: the term .

~.colour’ in-opals.'Play of colour'”occurs

< lire" i s genrnologically: equi val ent to. dlsper5| on, “fire" isrson frequently :

c-mi:sused to mean either brilliance: (tot al i ght retur n) - or-'sci: nt| I lation .. .
j-.f;(tvm nkling t e term 15"d| sper si on". wr I I be useghy scrl ptl on j
. far-the: sa%é}g 2%&% ?1§ac}:| ty. White:light “of - courS(]aﬁJ?-'tG!m ]ﬂ§ o

'3:’"-spectrum of wavel engt hs’ from reI atively I ong (red) to relati veI y short _
(bl'ue-and violet). Each:-of these wavel engths is- bent to-.a different. degree
~(red less, blue nore) when passing fromair-. into a denser medium.like 'a
~.-genstone. ‘When. the bent : i ght  waves exit 20 through an incli ned surface
i(like a facet), dependl qQn the degree- of “bend (or refracti on) t-hey " may :
~'show as di stinct" spect rgqhﬂﬂC(ﬂXBta?‘ge sa8{ag abi I"f'ﬂos»,g”(fft é gem species to: show '

~-di-spersion-is, ther orrel ated:;w and '
“refractive i ndex. of éﬁ"’ésn@?a%é’%f‘%?xfﬂ%’éﬁ sfc:a!mg 15 g:veneby t%ﬁl@t'%?’otb@rty is a
- dirstinctive ch%gﬁggrglgngy|S%ﬂfyra%@&taagﬁ@me@h@esc§&d can 25be used in: the:

.process of “identifying a genstone. -~ Di spersron can be: rreasured W|th a §
-refractor neter and Atnrm(aamlmls@tmweofm Flgeﬂonbrenetn zomrpmtemmﬁerﬁb!ﬁhal '
refractomet er peans,  Di spersion-_is usually ~25.expressed nunerical. I y as the;

. difference bet Ratent Anplication %EW/W@OW@W%%MH%MW seshowsh ettt Pl ay of -
- Colour a PI it ern rtstlc ~of “t'he stone ..
~ Sheen in ot er c}oﬁgg?}é)gg%ﬁﬁﬁ% %Sen F m%%%%rpt%fttﬁ I"B%Q%? YPSur' in

. opals. V& .can géteettrta‘fte@s b . : -i-

: ‘ 8 ISARER, ARl JUNE LR By O
% _changes posi ti amd, aonghtf!enlrﬂatiathenﬁﬁtdnt@ trraﬁgecnlah@fnn@ k!@%@@ﬁ@@@&j@ﬁt B aS o
~~the view ng angle is changed. ‘Flash histograns. w |l not necessarily det ect
~this as they dENEBENMRE theasadurabeveiite famd. spati al | ocation of the fl ash. To
~measure this a% 5* g r need to: conpare |mages t aken - wth: d|fferent '
~ {(say, two) |ignt ﬁ’gleg Por a serious of rotation and tilt -angles:

f 1 15Georret rigp d' stor thﬂﬂa th!femghtsgogﬂﬂ t‘ﬁﬂe'lrbhtﬂ% t@%ﬁéﬁ%t drfrfoyrﬁ a@rtotsg'?lpet t O
. tield of view of the camera. Ht wxl[ tend to be bnghter m the centre of the Irghtmg
ftetd To correct for these Etghtrng non unrformltles two hghtmg fi eld images are
acqutred lwhite and Ig,ay, of standard Kodak White card and Kodak Grey card
| _"respectweiy The Kodak Whtte carcf has QG% reﬂectance acmss the visible .
| 15 : speotrum and the Kodak Grey card has 18% reﬂectance Assumlng the CCD
' Sensors in the camera are Imear these hghtmg field i |mages can be used fo"
carrect the extended range |mage Eext cons;stmg of channefs Re,ﬁ Gext, and Bext.

The lighting corrected lmage beor I8 derived as shown i in Eqn_ 2 below.

| En2
Lnax=  max{ mean(Req), Mmean(Geq), mean(Bex)) -
leor = (Iaxt - !Qrey) * Lmax*(90'18)/90 / (Ewhite b 'EITEY) + Lmax"18/90

20 where Lnais the scalar maximum of the means of the channel images.
Colour Calibration _
Because the CCD sensors In colour cameres ¢an have different
sensitivities and because the spectral characteristics of the light source can |

vary with time, the lighting corrected image, Jeor is Specific to the hardware set-



..conpare-imges fromdifferent stage tilt angles.. Therefore, .it.

different’ lighting angl es for a 900 stage tilt: angle; lnmages:taken at

‘take the avera

. preferable to'conpare imges taken at different st age rot ation: angl es

“different: ‘st age ‘rotation: angles st -be: rotated back in:software in: order 3
to alignit re they can be .20 conpared. Thi:s: st cessary: rf'
~different | Qﬁg%gﬁﬁéggngles are used,: Fbazver i drffeﬁgn?ﬁwﬂ%%?ﬁﬁg angles
“‘are used, ~then each separate |ight source nust have i'ts own set .of colour;q
Jﬁcalrbratron files: . . A "play of col ggir' “nmeasur e ‘nust: det ect both.’

“,presentatrons of "play ‘of ~col-our! i e. change of - colour or change of . :
. position. There. are several ‘ways of 25 doi-ng this: One: srnple met hod rs to'
e absolute difference of the tw co- registered vrems.f

“ for a series ogpPg[@tQDBﬂr g Ineherdugide s 9 dﬁwﬁﬁég@@wnt.mlaavsmbﬂer otati on-
+ angle, the "dif : defin as t 02010/.040180." '
-fz.PCgrllAuzooglooll g‘g‘ﬂ&ggﬁhoef&ﬁﬁé& Ofé?%"ge % ag%lmlﬁgéq&afcl‘jadlcéﬁﬁ SRANCRMh t he stone -

sk (DUt exCl ubkMdeltRediedto Rl Sl O coldiP Bl 291 Stered views for the

10 Alternatlvely, t he score can be sca

red, -green and bl ue: bands of.the sR@E I a .flash regi on
_'changes col our Dbeim&mclfﬂué?@mm \deaws-,mddmndkhleml ffer ence". score will. .
‘det ect “Lar.ger colour changes will give a higher "difference" score_ as .

Wi largersar eas df OKUT SusOTVRE frga qufCBaﬁﬂggéféRﬁBcVa’hl!@stb desigeon moves:
: score' wil'l. al so detect. thrs :

b he . di f 1
 bosition but GOl RH xyL Ul Rucl govire %t(&or"uﬁsfarvmarnﬁgwweﬁne

- “difference’ sgonarfb, &rhﬁtemé"trgﬁal@hﬁa’ﬂ@ thl% @)a%a'leed %}lgg%? ol our.

rom S close '

to 0 indi cati ngolbirtdheekepkan sﬂnf:h@@la(mmsamdr Bia Eelts cakamfch ﬁaslg&e'ré]d' cati ng
much play of col our.. I MAGE CALI BRATI ON Ext ended.Exposure 15 - The:

" bright ness of %ar@ve@%s ef @Wrdﬁwned@dmn@@ﬁtwﬁ’a@es Bvoaphaangadar k areas’ ﬁ
P IR A R R T A S A A
o st s s 0 e
= fiunder - exposur ebetween t the measured RGB values and the supplaed XYZ values. Thus the ; R
g ' RGB values in the iw rmage can be converted to XYZ values mthe lxyzlmage e
'usrng this matnx _' o o
' 15 ) _Devrce mdependent XYZ fo gamma’d devrce-mdependent SRGB
) R Alihough the devrce mdependent XYZ measure of co[our isan ; 3
" '_ ;nternaironally recogn:sed standard for colour representat;on rt IS mear {unlrke =
| _ .the human vzsual system) and not easrly uﬂderstood by non- experts so it has .
been converted to a standard RGB representatron called sRGB The [365
20 illuminant of this standard is desrgned to match noon ciaylrght which is lyprcal of
" home and office viewing conditions. The non-linear transfer function (gamma.
curve) closely matches that of the human visual system. If SRGB images of '
opals are viewed on sSRGB calibrated monitors, they will closely match the -
actual opal appearance if viewed under natural daylight (D65 lighting -
25  conditions). So the lxvzimage is converted to the sRGB calibrated image, lsres,

using the standard transformation matrix, XYZ2sRGB, shown in Egn 3 below.

Ean 3



20 a pair.of images is captured at.different exposure. tines. The chosen ...
. canera has a 10-Dbi't. dynamc range: for each: red (R green (@ and bl ue’ (B) o
~ channel i nage giving pixels in the range of 0 to 1023 1'mages lshcrt and
I'tong are captured at two .exposures, 2N and 32ms respectlvely,. and. G
- -conbi ned- t uHoYRadBo: 1 mage of ~ext. ended dynam ¢ range, ﬂ(ﬁMUgg@ﬁgﬂ@j}QWﬂ rn Eqn
1 -bel ow: This:gives a: 25bright ness range of 0 to >10,000. Eon 1. WO~
- 2010/.040180PCT/ A112009/ 001332 27 ‘short exposure:scal i nglf ha, >_ _—.thr U

~where thr is900 and the. exposure scal'in@g s given: by the ratr o of ‘the:

. heans of I|e"g / I'shertfor a standard Kodak Wit e card. An exarrpl e |s_._
L provi ded in Fi g 7 of ‘herein i ncor por.at ed’ | nternatr onal Pat ent Appl T cat i on '
No.' PCT/ AU2008/ 000459, wher e there" jﬁs shown,, ‘at [ eff hang 5 with a :
: hor| zontal “transect taken:through the: centr‘é of th |rrage 'showi:ng

~ -saturation of the brightest Tegh anmmaloty & i ppi ng of - the G & R ats
"'1023) and, - at rxghtsrds=with the hori. zon{ @tspa?tgg%%éshow ng ‘that the .

- extended dynani ¢ range removes G@QMEW’&BTSHEZOD ohssd | ash. ~Lighting =
Correction 10Wth a si. ngle |'i ght: ‘'source; the lighting is:often not: unrform'-.
~across the field of view of thd O£1B8F48-0.204848] 1.0 1t o be br| ghter in: the :
~centre of .the lighting field. To correct for- theselrghtrng ; _
- non- unrformtles t- wo. Irghtrng field i mages are acquired, [vvhrte and Igrey, .

- of standard KO%%'C%FR@Q“{Q nARd; rfégljﬁgoﬁ; vras%?%ﬁ r@ggtr vel y. “The Kodak:.

;-._ﬁ\/\hr t'e ‘card has 90% reilecfance across t Spectrumand the. Kodakj_'

- Grey card has 18%r€heeRGBmdaAt5i%ldi@brgged he dieeBy SEMSRIeS of Riff e camera are
I'i-near;, -t hese Ilghun field %‘gs can be-used:to correct.-the extended -

range.image | ex® Qﬁtﬁﬂ@pbtt%t:tﬁguﬁ‘f azthargy oot themd. B@ads@the'ﬂmeh lig ghting
corrected inmge: Loris er| Eon 2 Lmaxmax(

-‘::-mean( Roxt )., AREEU r)‘3 ‘éﬁ?@éﬁt r)f‘*fﬂe'aﬁ’?ﬁ?%ﬁ&ttf“re Ctﬁt'?e %@B‘Nf EARBR* ( 90- 18)/90?'
/ ( |—| me - | gr a%rdér%%mé@hr%e bnghter No smgle Image drsplay will be able to accuratety

represent the oo!our of both the body tone and the ﬂash For' t'h're reason a
Look-Up Tabie (LUT) has been used to compress the dynam:o range of the 5
N flash so that a realistic view of the body tone can co exrst wrth an approxtmate ::' L
5 10 - representatron of the ﬁash Th!s LUT is deszgned to be lrnear in the brrghtness
o range of the body tone 0-Bflash (where Bﬁash ~700) and to compress ﬂash |
- bnghtness >Bﬁash as shoWn ln Frg 8 of herein :ncorporated lntemaﬁonal _ _
Patent Appircatton No. PCT/AU2008/000459 Apprymg this LUT to lsRGB e
QEVES the rmage [srGpt, @S shown in Frg g of herein rncorporated intemattonal |
15 Patent Applicatron No. PCT/AU2008/000459 where there is shown at !eft
| !sRGB mdrcatrng the true colour of the bnght flashes but the body tone is
reiatwely dark and, at right, stemm giving a true representation of body tone
colour but the bright orange flash regions appear more yellow because of'.
saturation, :
20  Colour transformation from SRGB to sHSB
The RGB representation of colour is comrnoni\,.r used in image car)ture
and disptay devices, but it is not designed for describing homan perceptions of

cofour. For this, transformation fo an alternative representation of colour calied -



.20 . where L, is the. scalar maxi-mum of.-t he .neans' of  t he-channel i nages.: :
- ‘Colour Calibration: Because. t he  CCD sensors in colour caneras: can haveg
cditfferent sen5|tIV|t|es and ‘because: the spectral- characteristlcs of the '
Light source can.vary wth: tlne the lighting corrected irmage, ‘car IS W
r;spe0|f|c tdwjhamhwmdmare set - MD 20101040180PCT/AUZQoﬂAﬁﬁw@&ﬂxﬁB up- of _
.t he apparat us. In: ot her mnrds “i's. a device- dependent relative: neasure o
~of colour The process of: convertlng the image to-a. deVIce |ndependent

- absol ute. neasure of -col.our "i's called: coIo&@ calibrat|on Devi ce- spec1f|c
“ROB to device-i ndependent’ XYZ 5 n order to.convert- from device: specific RCBj
..values to deV|ce--|ndependent XYZ values as defined by the ClE (Cbnn155|on

nt t I t
| Thernatl onal e des(oFRLY) ARG HEBLEIAY AN Egﬂﬂgléss'%@ﬂ%wqggee sl |
or Macbet'h car dxmbinehs U@l@eﬁ%@"@é Rk QHdof AL SREsH g o@@d@ur and, nd !S avea and

- device- i.ndependent XYZ val ues. By capturing an 101 na
‘extracting the meanaRB beblasad) drar 3604c Batodtouris awﬁaehre sfttee TpUﬂ@/a‘dfor mation.

~matrix, - R@2XYZ, can be determ ned by linear regression between:the:
' measured’ ROB valcolaur efige ﬁneurgt%mhifead%ﬂzA\mqraédoumwu@avnéom.amm i the
~lecrr |nage an be convert%ﬁ{to XYZ :

e e B PR s e R R Pl i %ﬁr&é%%ﬁ@as”@'t%%@gh' -
Athough the deyhe TRSRAPASSlor YR.ITERSHES=E oF ek And RLEN S or ly

- recogni sed_standard for colour representati-on,
“ humen vi sual - sy&hgﬂﬁaandunwmremenbv%umgbmeemddrb&xe@ﬂmfx@eég§f SO: |t has

ear

been converted to a standard ROB representation, called sRGB. The D65
20i Il uni nant - of bfightsess ﬁ!ﬁd&f@cqleurdew@aaagwhmﬂ@whrhb@k hreweuegtmdm. ch i s

- | of 'h d. of f | f .
P o oo BORyE BB e el Peidt bt e D BRIt e 1

SRGB i mages 10f  Qpabstod@ovi ewed on sRGB calibrated: nmonitors, they wi bl

~closely match_ the actual “opal appearance if viewed under natural dayllg"ht

' (D65 i ght [ ng Y Because HSB is a simple transformatlon of the RGB values in an smage

|t is deﬁned relatlve to the standards of the RGB va!ues Transformmg sRGB}- i
vaiueswm g:ve standardlsed sHSB values relatwe to the DSS wh:te pomt :::
Applying the RGB2HSB transformatlon (deﬁned in Eqn 4 below) to the !,,RGB Lo
15 image, g;ves the image IsHsa B : ' '
m&
H= | 0 o : ;ftnax - min |
| 60° x (g-b)/(max-min) + 0° i max=r & g>= 'b'
60° X (g-b)/(max-min) + 360°  if max=r &g <b
B80° X (b-r)/{max-min) + 120°° ¥ max=g .
60° X {r-g)/(max-min) + 240°  if max = b

s= 0 ifmax=0
1 — min/ max othemise
B= max*Bmax

where r, g, b are the R, G, and B values, respectively, of a pixel scaled
to the range from 0 ~ 1; max is the maximum of r, g, and b, and min is the .

minimum,



.25condi-tions). So.the |xyz image is .converted to the. sRGB cal i brated |rrage

";i;'Laos ‘using: the st andard ‘transformtion :matrix,: XYZ2sRGB;, shown in Eqn 3

;'.:'bel ow. Egn 3. X' 'R'3,240479 - 1 537150 0498535 G - 0. 969256 1 875992 0. 041556
B 0055648 O 204043 t057311 Gam'ra d sRGB to no_r_r__ l'i'near Look-Up Tabl e’ d '
};reflectl ng obj ect s ‘siich as’ the body tone. of the opal Because the flash rs ':'
~specul ar -reflection fromthe internal ‘crystal structure of ‘the opal, it c_a_n_'__

" be arders of magnrtude brighter. :No si ng31e image drspl ay wi'lll be. able to

:*'-’accur ately represent the- colour: of “both the body: tone and the- flash For -

*--t hl S reason ‘a ‘Look- Up.-Tabl e; (LUT) “has been used to conpress the dynamc

orange flash r

L e AR R R AT SRS 20,

-'-"*;Irnear in-the nge of the body tone, 0-Bflash (where Bfiash
~-700) and to. c?rgpﬁggEﬁEas‘ﬁ brightness >Bfl ash as shown iin Fig. ‘8 of here| n‘

“incorporated Internaévrr@r@tmﬁ’eﬁm@ted\amtheqatag@sncemure@ﬁt NL2A0BHROBARES c
-,Apply| ng this LUT to | sSREB-.gives the image.|lozosiut, ‘as: shovvn in Fg 9 of -

“herein incor poragles itinoesessary dnientatherporiippifiesat irmga\mmm@eosé 000459
“wher e there i's shown; .at:left. |sRcs |nd|cat113j the true colour of" the

~bright fI asﬁes‘%ﬁ“stolil@t%‘oﬂyw%‘rf’é e stpae gt k) WISRIPRESHIS al9d 1+ i ght , SR
Silosiisesiut givi Q%rﬁerfté Jig represent ation-of body :tone: col our. but: ‘the br| ght
e

ONS- appear nore yeI I ow because of saturation. 20 Col our S
~transformati onsbgmentiled to. SHSB The' RGB representation of coI our: i's- A
. connonly used in i mage. capture and dlsplay devrces but i's ‘not - de3|gned :
. for describi ngStummgrpemteeqm indrask dfimegéur . For: t h| s, tr ansf ormation to an.
-"._aI t er.nat I_ _V_e r epr (_aselgto%telr toonreché: t?tleoelzjnrougtaclafltl?n% takgnz t%lc%/p?ulrlrg %f?eoraﬂl/péuzoogl 001332_
_10:'. rmages wsth forward Jightr ng, itis usefu! to locate the reglon of rnterest ROI
= _'wrthrn the lmage that confams the opal Th:s is most easrfy denved from a beck |
it |mage rather than a forward Wit i image because the back frt rrnage has greater _. K s
" contrast between the background and the stone Therefore the ﬁrst rmage o be S
i captured isa back irt view wrth the stage trit ang!e et 90° Thls is easr!y
ot 5 'segmented by srmple thresho[dmg of the average bﬂghtness of the three
o 'chennels as ehown in Frg 10 of herein mcorporated Internatlonal Patent
.Appl;catton No PCTIAU2OOBIOOO459 The ROI 50 denved can be used to
' restrfct the area of the rmage to be captured and processed for alf the forward
i tt tmages Thrs can greatly reduce the time to measure each opaf L
20 f i the case of translucent crystal ope!s an add|trona| thresho!d is used i
to locate any opaque veins of potch running through the crystal, A mask of
these opaque regrone is requrred jater when determrnmg the body tone of the
stone. = R E
Stone segmentatron of forwam’ In‘ images - - |
25 Unlrke the back it i lmage segmentmg the forward Irt amages is a much :'_'-_:: E

more chailengmg task for severat reasons. The opa! can be both brighter than

the baokground (in the case of whtte opeie) and darker than the beckground (in



+-30: HSB. (or HSV). is requr red. HSB stands:for Hue,. Saturation and:Brightness.
:_'-:':(al so known as Val ue) Hue |s a. rreasure of the wavel ength of a___c_:__ol our and_
. .-purrty of coI our or’ the arrount of vvhrte added A pure col our Wi II have 100%’;
' -_-'ﬁsat urati onwrﬁﬁﬂmztde&:reasr ng. val ues:of: saturation; thd’@mwowowz s 3
~increasingly diluted wth: white. The Bri ghtness: (or ‘Value) . is a neas_ure of

“the: |ntensrty of ‘the colour. ‘The bri ght est colour wll have 100%

:-'; bri ght ness.  For- decr easi. ng val ues of ‘br3gyht ness; the pure “col.our: is

Coincreasi ngly diluted with black.  In the ext ended exposure i'nmages: pr ovded
“herein, the brightest colour Bmax (‘100% has been 10scaled to 3000:

3 Because HSB i's | l.@% a e, |t
“defined relati o fdﬁ?hﬁblé% ﬂ%éﬁgd of'ﬁ’?ﬁﬁ‘5 Eégﬁval ugegjﬂvliﬁ Qtfglﬁ%a%gﬁ g b
values wi.l | giveri eétdermemk"emﬁﬁtaeéelweensmetreﬁIn\éerrwhtegwﬁ@éw S
S point: Applying t RGB2HSB: t.r ansformation (defined in Eqn to the
~1sRos: 15i'nage, fomdbe tohgta nmge bIasHéetheEﬂdeén vRiv. S‘mzxemp‘re thrééhald cannot =
. (g-b)/ (max-mni.n)+ 00i f max: b 600 X ( _b)l/ ‘max~m n).+:3600 i f nax:
& g <b 60 x (B P??Qfﬁéﬁpﬁﬂﬂm‘ﬂ Oﬁé’dfqr'? th?d%@CEQfSUfB’-b I additiy), /S(lﬁﬁ&wsrehijm 240 rf

mex = b, S Obf Q&%‘e of th)e &pal me% J?;%é \%eagur%s ofte u%qgarmrty of coiour and
' R brlghtoess of the background eannot be used to segment the opai
The segmentatron is performed on the LUT—oompreesed IsRGEIm ;.ﬁégé 5
(eee Frg 11 of herern mcorporated Intematlonal Patent Applrcatron No o~
; 'PCT/AU2008/000459) srnce it gives more we!ght to the part ofthe dynemic e
10 ._range contarnrng the transrtion between background and stone The e :
" '::':segmentetlon algorithm |s a sequence of operatzons roughfy as foiiows ______
o _' transform the |mage into a form that enhances non-unrformrtres such as the
edges of the opal coiourtexture and the edgee of ﬂesh (the transform used is:
 the mammum of the local prxei~wrse variance of the R,Gand B channels)
© 15 thresholdthrs image to get seeds wrth;n the Opa] (hrgh venance) generate
R background seeds that are an emprnca!ly determmed drstanc:e from the opal
seeds; and find the watershed boundary between the two sets of seeds in the
gradrent of the variance imaga: S '
Glint segmentatron of forward fit i rmages _ o L
20 " Having defined the mesk of the opal, the portron of the opel contamrng
glint needs fo be excluded. This is easily segmented by using the fact that gimt
is both bright (high Brightness or Valug) and white (low Saturation). it is
simplest to take the logical AND of the results of thresholding S<Sglint (40%}
and B>Bglint {1200} of the lsuss image (see Fig. 12 of herein incorporated
25 International Patent Application No. PCT/AU2008/000459).

Body tone segmentation of forward lif images



Wwhere.r,.:g, b are the R G -and Bvalues; respectlvel y,-:0f a pi-xel scaled-

*uftotherangefromo 1 maX|sthe mixmumof 'g; ‘and b, and mnrsthe

o um s 310 EMAGE ANALYSI S BY SEGVENTATHON AND HlI: STOG?AM I\/EASUREIVENT

cHavi ng: coI our calibrated aI | the I mages: capt urediat the nultiple view ng
~angles, i twoszone:ﬂﬁsasary to i dent I fy the portion- of . eamt’rrmmg&oo@net ai-ni-ng:
_ﬁ_:-spemft c 5regions of interest, ‘such as: the stone .or - gI int. This: process is
~.:cal l.ed segnmentati on. Segnent atlon St one segnent atlon in back 1it i mages- In ;
_order to reduce the arrount of tine taken3go capture the nmul'tiple 10§ rrages
“witth forward ||ght|ng, it is useful to Iocate ‘the region ‘of interest, 'RO .

W thin the image that contains the. opal “Thi's i's npst easi |y derived. from a?

~back’ | h d | b he . back
e o ek er Dot ac AR B b R R AR b et £ T
first image toqha HeaBLEK eeerrened Bestrcrud.ﬁg tﬁb%%t")‘eblﬁasgﬁd%ﬂgﬁcéé” ang}. G_«‘___at_s

°90. ‘This'is easi ly 15 segnented by sinple threshal e average

bright ness of tiystat twate byhaclodihg t@n&h%peweﬁegoné@:n@é tHRRERIIN it P& pOf ated.
It ernatlonal Pat ent -Application No. . PCT/ AU20081000459. The RO so. derived:

can. be used: to“i*’fes‘term@@%t'*ﬁeerﬁrﬂeﬁ‘ecﬁwvﬁ@%Q"rétyecrvﬁabéloeetbeme@dnawdicprocessed :
for can -greatly: reduce the tine . to. measure.

Lotn opal " S0y HEBRY shi e EPeER e A e e gtk e BN S amte bl

Ty o AR P PaRERR elB Oy RRL R IRIAR REMET tn.“ﬁg

5 :t he body tone obdy bee BdgmiTe. Wi ﬁbesesseeemﬂmwasnsofunterwr A dthér W&EQGS

S S where itis not wsrble from that vre‘mng angie These regrons \MII be the darkest i
| part of the stone However this szmpie deﬁmtlon of body tone regron rs nat

.:' 10. Va|!d in all cases. if the stone has enther potoh (opa[ thhout the crystai structure

L whlch causes ﬂash) or bou[der {the rock in whlch the opaF is embedded)
..... : present in the face then the darkest part of the stone may well betong fo these-; . e
.~ "non-opal” regions rather than to the body tone of the opal present in the fece S
" To dlstmgursh between opal and non- opai" reglons of the stone use is Ca
15 made of the fact that “non—opai" reg:ons remam the same when viewed from )
B .drﬁerent angles Geometric dlstortlon ofthe stone wnll be present rfa e i
| oompanson is made of 1mages from a stege tilt angle other than 90° Thrs .
means that a oompenson must be made of i tmages taken at different stage_ S
' rotation angles (or different lighting engles) for a 90° stage il angle. rm'agés |
20 taken at different stage rotation ang!es must be rotated back in software i in o L
order to align them before they can be oompared This step is not necessary lf-
different lighting angles are used. If dtfferent lighting angles are used, then
each separate light source must have its own set of colour calibration files. The

“non-opal” regions are those which do not change their appearance in these

25 multiple view images.



.-25Unl i ke the back-lit- |mage segmenti ng. the forward. lit. inmeges is a much .

"3-_.m)re challenging task for- several reasons: The opal ‘can:-be both: brlght er
~ than:the background (in‘the case of white opal sy and darker- than the-

:background (in.P CTLA U2 Q 09/001332 the case of bl ack . opal s) AL so_
-dependl ng ommhmmmmgl e of: t| It of the stage the bri gPE'l’teEBmmdene

;_;'to nearly bI ack (| n. the 'si de on VI evv) 'S0 a Si rrpl e threshol d cannot be used_
“to separate -the opal fromthe. background 24'n addition; “shadows at"the edge '
“of: the: opal rean’ t hat: si'npl e neasures of the" uniformty of .colour: and '

. bright ness: of the background .cannot. be used to segnent: the opal..- The -

.of “herein incor

o 'white (low-Satu

 segnentation is ryed on the LUT-conpressed I'secal ui |nage (see Fl g 11'
EBRh BaB e e T oot ot anpl 1 caron Mo |

~ PCT/ AU2008/ 000459) ' Siifigg bb&){ QY GmidHOs 6 @eweang[g.na ng\H@nrpre ndth 1hfﬁ %Xl”am c

‘range containing the transition between backgro and st one.
*_segnmentation al giedrigebfomseath yRAIENQRI@fn PiReTAVOBSet-TR UBMbYapRardied ows:
“transformthe image i:nto.a formthat: enhances non=uniformties such as the
‘edges of . the opbﬁs beryl entablisked heta aﬁdpmnéfeadgwcofmf Isaetefsdrg it bathsf orm
. used i's the xr mum of t‘ge | ocal er gegs\(wel ance of the R Gand B
channel s) e?d%tlod 3t ft"ﬂ‘&aéot L@%thaé‘é% Q’HP%BE%@'%%TF@NWW@S -

.- variance) ;: gene W det erm ned -

+di stance fromt Bw&see %sé ?n@gg%e wgt"%gggmé r%h@e?aa%‘eww@t ween - the
“two sets of seeaﬁg:waﬁcnen@ér@@hcﬁaﬁgmﬁegstt@rcmﬁaeﬂwopaegﬁms@dﬁ&treﬁg%%%m at i on
of forward it inages 20 Having defined the ‘mask of 'tthe opal, the portion.

- of the opal conn‘@amrﬂgnglewm mpeseststotdispiRy ieaotaydedch trdmx@ysasermduyoSegrrent ed
by using the: faﬁ"gﬁt hat - I|nt i s both bright-(high Brightness.or Val ue) and.
?8}?)"‘5 PIeNS- si npl est ‘to take the logical AND of the =

- results of ?re B?}ﬂéd?%g%??@hb@}gg(%(h@ and B>Bglint (1200) of the | ":

':};'_shl SB i mage (see &r&i n 1-ncor por ated: 251 nt ernat i onal - Pat ent-
~Appl.i-cation:No. PCT/FNrJ%@&B/n%@4§QﬂDneB(aQK hh@l@eﬁﬂgﬁtﬁroﬂa&m@ﬂeﬂlude%rth@rd lit

" images 0 2010/ 040180PCT/ A112009/ 001332 33. As - described above, :the.

“mask-or SCl of b%grqmg@ﬂdomfaﬁ@t@wg l\@rﬁttpmheasobeﬁn hade bvee\tmltdbt eommpadd by

. excluding the glint t he c se of e excludrng
t he internal opHtfR @Pég?%h@ngf%@st%ég%s FF° O Wﬁﬁ%ﬁrﬁ% asur enent

~-of the body tongnaf hRemflarpéehe stsawcutserére%aétenworseaeaﬁegbghat @ pody tone

‘need to be determ ned before the col our characteri:stics ody t-one.
.. can be neasus edhrlsfogtatmeoisﬁttﬂ'ﬁava}mmrbamtomaah themiasls H@betastogrem iskesthbody tone
. regions will be those where the flash i's "turned off', :inother words, -

~where it is notaypspiEhRceytnvinbals ﬂ?‘l‘éwmb'“mng”Phéé@f?t@gl%ﬁs wWill be the
. darkest part of% Q’F{n%«ss%ﬁle ll:pé/}%\é% 30 H]e %Wélilg?& %Eé@lntbgganog%&{%gﬂg tone :

.‘region.isnot 1 in all €ases. as el (opal

- without the cryst@l sstirbditi MMHiISILERUSES ahd 2609 BrgHIeedsdRss Jdt s T ock in
which the opal is enbedded) present in the face, then the darkest part of .

the stone may vxeikabe-baledingartsosrtahe@’ea diveotl bipairtthe egtgonmntanrnh@ bodmne(to t he
body t one Of t h%ﬂe? h) an ragtsnengsn tlhg rgrrl]gee go%%a?nmg flash (Bﬁash Bmanx)...
if the p}xel countin each bin is divided by the number of prxe!s in the
stone (including glint regions), then the bin value gives the proporticn of the |
stone having the HSB values ofthat bin. _' | _ |
This is a very compact summary of the colour mformation For example,
25  the opal image may be 800x800 pixels. This requires 640,000 HSB values to
store and display the colour information. By discarding the spatial 'context, the:

3D histogram requires only 8,000 bins (30 H bins x 10 S bins x 30 Bbins)to



...To -di-stt ngui.sh- bet ween opal and- "non-opal " regi ons of the stone, use.i-s 5 -
< made of ‘the fact that “non- opal " -regl ons “remai n:the sane ‘when viewed from
,-jdlfferent angtes. Geometrlc di'stortion of the stone w:ll: be present |f as
conparison s nmade of ‘i.mages froma. stage ti It angl e other ‘than:900.  Thi. s_ :
~means -t hat veo momaesss Son nust: be nade of i mages taken }at'mdmfﬁﬁiemeam stage---@ff'_.;:

. rotation angles:(or different" I|ght|ng angl es): for a.90 stage tilt angle.:

~I'mages 20 taken at different stiage:rotation angl es nust be rotat ed back: II”I'._:

- 10 30 hi st ogra

'5'.3software i-n-order - to:align them before tBéy can -be conpared. This step s
not necessary if different lighting angl es are. “used. If di fferent 1 i-ghti ng
angl-es are used; then. each separate: Ilght source nust ~have’ |ts own set’ .of-

= col our - cal i bratj 0 al ose 0 not _
~change their ap%gg 1{3’1%1@ matﬁ}h@ss Q%caﬁ[ae mepﬁ %*‘@.%Wa ?‘ﬁaagshl%een QF‘g :
. Hi stogram' Was%ﬁs@é?%sf m mullik MeRsRaHY e A0S Wit thd Sveth §él‘*
o ndependent t he flash i,?n anH?)pa g anggs frofr%beac Vle\é Br%%ghﬁnensofn the i '
~ har dwar e ‘set - upho$tobdiBavigpsealfio$iSB valiras been established that a sanpling
- frequency of 100 is necessary in both:5 rotation and ti'lt angles to ensure
“that no flash regi oRdg apterwaydte prrﬁt@Uﬁwuamiotmh@ammeweamabyms of

 briahinaes Enostieko bl ehotd SOEHRS i SR BRY S ot ToRE Sven
- more so to.di S%\r@%ﬁnbék aqd%vséfmlaﬁéh |e9ag%ahgv§maa[1¥aso<§ffta@ﬁ§? {E%n%u"e”e”ts

: st one . HS ues e ‘mask has' -
- been i-dentifi e@pmmﬂmemwdea bhexdiaclgloduach mrgblpmsernm £05. No atterrpt___

'has been nmade to exclude-"non-opal" regions or body tone regions because:

- Hue' bi ns:linearly spaced in the range

- regions), then

g |nformat| on. For exanple,

. these-are onl y%@ﬁt@l@ﬁ@h@@@?' afﬁeotthﬁtoeat@déheﬁtat@dmm splecifihirsisone ‘col our
.characteristics reated hi st ogr am of SHSB. val ues: pr esent-
“within the mask®° f\%&gﬂﬁ arﬁ'%‘f%%& F'Ee gs }‘éerti"ay of the count's of pixels
falling witgin binstqf g lhigary 38 dbat higRorif a@demreetaageltaet orhﬁ"a% are 30
T 0 3600, . Saturati1o as: 10 bins:

. between.0 and hwm@rarersegm@assofma&trsmcmpnmqﬁ leterationsl Patesakdpicapaced to
'give 10 bins.in the. %e cont ai.ni.ng body tone (0- 20 Bflash) ‘and. 30 ‘bins :

in the range co® Epﬁf PRSRITBCPBIGINS birgsasgls for both flagh andhbog tesk count i n-
each bin- is di V%gﬂ sooqxhesq nqnggegg{%éasé(%lmsed Uthe ng[qﬁg k& %Igu%lhﬁg glint-

Opor ng the

“HSB val ues  of Haﬁhs%mbrfﬁht B>Bﬁasﬁ V@hm@@ﬁﬁ@ﬁbh@%ﬁ%t%d@>ﬁ@& 85‘05/% SANEE ;-'
he opal i mage -nmay be. 80 0 plxels

~Thi's requirés eMate00s thetslflaett Beshtneﬁsstr‘dr?@haﬁtzbrdﬁhwhaijﬂsm tpolovered if o
oy oo P SRR P R S o GRLAT 0 1
' resultts a 3D hlstogram of flash HSB values. . © - _' S _;-r;.ﬁﬁ e
Summary histograms of flash H & BandH & S vafues | _ | _ = :
The 3D flash h;stogram can be stored but lt is dﬂ‘F cult to dlspiay for easy -
20 human znterpretatnon. Consequent[y, all the Saturatron bins are fi rst combmed-
and a 2D summary histogram of Hue and Brightness values is created (a
“Summary H&B Histogram”). Also, all the Brightness bins are cbmbined'ahd'a'
20 summary histogram of Hue and Saturation values is created {a “Sumntary
H&S Histogram”). _ _ _ _
25 Summary H&B Histograms and H&S Histograms fo.r two opals, "Geiderj
Glrace“ and “Flatspet®, are shown in Fig. 13 of herein Incotporated International

Patent Application No. PCT/AU2008/000459.



.35 store. this information. A so, because the spatial context has been :
di scar. ded “hi: stograrrs from rrultl pI e vieews cah be: added to get the average
._"-proportr ons ‘of the stone having: speci fic HSB:val ues. ~Put ' ‘anot her. Way,;f
- the pr xel “count -(or -area) :of each: colour is- exported rnto one of 9, 000 b
‘“bins. The 9VQUOYMIHE are representative of 30 col our sP'GTFféE%(P%‘E@“’Zbrr ght. ness_

~-ahd 10 sat urationlevels, for t he :vari ous areas’ of flash present..in opal s
“The relative area;, or pr xel ‘count . ‘of each col-our, is.presented -as a .

";f"percent age of the total area of the: opal 36hd the data for each: specrflc'br n
i's calculated and reported in the respectrve bin. .5".:: The sumary - 3D

~stone hi stogram(al so:referred to as:a.total or- fuII 3D hi stogram . see Flg

:-:: 15 of -herein incor pgﬂa‘% }QQB 't—ﬁ%&ﬁ@%é% Fe%r%@d E@q llid U%T]Bglg)ﬁe{j on the

- PCTI AU2008/ 000459) al ns counts bot hv f one regl onsi

- of the stone. Thase. %m@ra&m&t@@gr@mtbabrsmelam ﬁrheoﬂﬁaﬁwfﬁ%eutehat flash
““i's both bright: -B>Bfl ash (700) -and quite highly saturated. S>Sflash (50%.

- (Note t hat theserrthimthBr,grt’Hdesrﬁ tdrfndgﬁaeﬁﬂr@mlt@ﬁdtmdleelhmkmpmyrubes btbwered .
i f the Saturati-on values of the bod %thU and ' %gvtggaa ' |ons are '
~“known) . - The resii aes bgloggingits gyRACHSH f%essﬁbrlre K ue. I

hi'st £ fl | b
Diored e O | e vRodcsh Y o aPe) Hehudhe AR Crashly Z‘ﬁ“%?étxgﬁ 22 e
- Consequentty, . alhle:ghh@' 533h Wstdram nar |B$h@ér%afdr6ﬁﬁtimhét%eamh% e?a@h%HF”m" y
hi stogram of Hue .and. Brightness values is created (a " Sunmar ry

U Hist ogram'). Al @mdaﬁbms tthetBatiogtdre esad 1b|dmtaa,rtéeommnme1d cdi ek areaD sumrar y

. histogram of Hue and ‘Saturation values is createg{eo "t Summary  H&S
" Hi st ogrant) . 25%alergng ke Wﬁf‘@'ﬂ"o@?%‘f?ﬁ‘”&ﬁ'd‘slfﬁéhﬂ Btoé"h@af tﬂesﬁwo opal s

i meor porat ed | neeRRDToREICbaE AR FecaPRdRed ok e GhuRfi850.

The H&B Hi Stt@gr%ﬂtu'ra‘?hoh@ebﬁn dg}terpret ed as fol l ows: Hue is plotted on the
ox-axi-s; ‘the hei ght -of each. histogram: bar ‘i s the area ‘proportion of that .-
- _Hue; within: each barNotgrthatatcraringdé tl"l@rSLgrmﬁ@d"é&%H@twemSt@fm splay the

: .proport| ons of -the area bel.on to the various g{tt nes bi.ns ‘for that

““Hue: Sinmilarly, atqrémsntrtgzedﬁlgsgég '8 A3XNYIE SFRE RTRP %8’”5 K Pows : Hue |s'
plotted on the Xcgr&'gﬁer&étet{}atugatoﬂg%@@mtm ‘ﬁa‘?&%?”?—[@@évérswhgf?tr@ ea . ...

| _proporti on-of tha eac radat i ons of saturation are us'ed

to display the Piagey thkemnst aof delghees t&trmtdmlemgmh@dtxb:stdberouamheusth‘éat ur at i on
bins for that Hue. Note that these gradations are not as informative: =~
because fl asth ddEletsnet stasa@stsgtsname. it hers 's adlat spot Britsias)) wheervieviastfeorn hat

;: accor d' ng to . the bovm sym orrﬁat%nsig R&ra?”]% ebr@eﬁtﬂﬁtbe Summary Hrstogram For thss .' o

reason 9 addrtronai H&B Hsstograms were produced to summarise thts
drrectronal rnformation _. L
" Directionai histograms of flash H &B values |
20 | The Directional H&B Hlstograms for “Golden Grace and “F!atspot" are -

shown in Fig. 14 of herein incorporated International Patent Application No.

PCT/AUZ008/000459. Table 1 below defines the range of viewing angles that

have been combined for each of the histograms. | _ _ |

The directional histogram for “Flatspot” clearly shows that there is very |

25 little flash when viewed from above but it lashes green strongly from the Top _. _

Left (TL) direction. By contrast, the directional hietog ram for “Golden Grace”

shows that it displays the ]argest area of flash and is also most colourful



. -aforenmenti-oned Fig. ‘the- maxi-mum-area proportion of :a single Hie in:

"Col den Grace" is- onIy about twice that of "Fl atspot ‘. ‘However, when: them i

~ images taken at 80 degree tilt angle are examined, it is obvious where th? f

= at'spot™ stone gets its name. There- is aflat: spot iniits flash when.

.: ~viewed f r omicedoavenisiThi:s - |nformat| onisinot ‘at-all evudterm»tuzmrwm;lmaz Surrmary
i Histogram..For'this reason. 9 additional H&B Hi st ograns were produced to

. summarise. thls directional |nfornat|on D|rect|onal hi stograms of flash: H&

- B.values . - _The Di rectlonal H&B Hi stogBarrs for "Colden Gace™ and

o many’ dlrectlons ABGVE —{t-H-+->60)

'Fl atspot "~ are-.shown in Fig. 14:of herein incorporated Internati onal Pélt ent.
.}-Appl i'cation No., PCT/'/AU2008/ 000459, - Table 1 ‘bel ow defi: nes the range of

S view ng: angl es e b ‘for each.of th tograns.. The -
directional @%g‘#&%??r&e g@rf]’ﬁ’ﬂ@b&r eey whep I‘@?‘“@Hé‘iﬁg‘ f‘tﬁ%"ﬁe L'%@r reciorabr y

; 25I|ttleflash,ﬁq@%tghm5{g%ﬂ 6 B W tr nyrom
“-the Top I | F t?r\r/e t#éo% %B@bggﬁg'%gg{tp%ﬁ&ﬁ% Sg% gct 3 onal

" hi st ogram for’ WEidhches s&aﬁ@dm&h@r\mmmmmmtsdﬂ&:ﬁ|a%y33 driteint 8f sk ar ea of |

-~ flash and is also nost colourful . 0.20101040 80PCT/. AU20091001332’ 37

: (flashing orang@thevmmaawawgweq@ﬁ beteasily viewediromanambdivestiondi s -
codirectional tinformation wi'll be inportant . for buyers when:choosi: ng an: opai
~for a setti ﬁg ‘whi-ch_has anr‘lfl c_directionality (‘onstral nts, such as a -
“pendant ‘or brooch, er ‘than f ng ‘whi ch can be easily vi pwed-from
. P Akﬁ)t\lg O(E{[i\?ﬁdb nigf om-centrea (fl |t < R%\ & ((I’Ot>337
W'i-:(f)t 6(7_r g;; =22. 5) DB @BRoottdM L& |1 (idhicobt it ey ) Wo%a%?s%) &1 oo
- (tot<=67.5)) -

| BR - bottom right (tilt<=60°) & ((rot>22.5°) & (rot<=67 5°%) o

CR- centre right | (filt<=60°) & ((rot>67.5°) & (rot<=11259) . | .~ -
TR-topright | (#t<=60°) & ((rot>112.5%) & (rot<=157.5%) | -

TC-topcentre | (1it<=60°) & ((rof>157.5%) & (rot<=202.5%)) ~ | =
[ TL - top left | (tit<=60°) & (rot>202.5%) & (roi<=247 5%) o
CL- centre left (Hlt<=60°) & ((rot>247.5°) & (rot<=292.5%)) =
BL - bottom left | ({lt<=60°) & ((rof>292.5°) & (rot<=337.5%) e g

Table 1 — Definition of viewing angfe ranges for dfrectional htstograms where t:lt
s tha stage tilt ang[e and rot is the stage rotation ang!e i
_ The software contro!led image cahbratlon and imége analysrs method
described above is summarised in Figs. 15a to 15¢ of herein rncorporated |
10 International Patent App!lcatlon No. PCT/AUZOOB/OOO%Q The zmage :
calibration involves the steps of (i) subjecting an opal to extended exposufe, (?i) '
lighting correction, (i) colour calibration and (iv) colour transformation from o
sRGB to sHSB. The image analysis invoives then subjecting a so calibrated
image to (v) segmentation and (vi) histogram measurement, in order to provide
15  an objective assessment of the flash characteristic of the opal. The image

analysis may be extended to include body tone measurement.



. CReentre right (tilt<=60).& ((rot>67.5) & (rot< 112.5)) TR - -top-right :

Co(tift<60) & ((r0t>112 50) & (rot<=157. 5)) “TC - top centre (tilt<=60) & """
(rok---202 5)) TL - top feft ( itt<=60) & ((rot>202 5) &

=((rot>157.5)
.'(rot< 247.5)) CL -

bottom I waze(wmm 60) & ((rot >292 5) & (rot< 337 5)I)CT/AU2009/001332

10

15

20

25

centre left (tifts<= 60) : & ((ot>247:5) & ( ot<—292 5)) BL

' Body tone measuremem

n order to measure body tone 3D htstogram bms for the fu}l range of

Huo Saturatton and Bnghtness va!ues w:th;n a stone were oreated m a manner

reglon in an smage as also descnbed ear!ter in ihe speon" cat:on mVOived

' findmg the wewmg angle at whlch body tone was most readlly vrszbie Thls was

WGro then exciuded anc[ two reg;ons were olassﬁ" ed as body tone and dull

' ﬂash The software then calcuiated the mean or avorage sRGB va!ues w:thln

" tone can then be repor!ed

- “P!ay of colcur” measurement

" as descnbod earher |n the speotﬁcatlon A method for f ndmg the body tone B '_:;'r'
| 'a rotation angle dlSpIaymg mmlmum ﬂash at 80° stage tlit Bnght ﬁash reglons _ﬁ_ o

the darkest 20% of the bodytone reg:on before convertmg to HSB values and -

: ass;gnmg to one ofthe 3D hlstogram btns The H S aﬂd B va!ue oﬂhe body o .

| “Play of colour” accurs if ﬁash of a spec&f c colour ohanges posrtion or if : ’

a specu‘io reg;on changes coiour as the wewmg angle is changed Flash o o

spattal Iocataon of the fiash The soﬁWare compares lmages taken at two
hghtmg ang[es for a Series of rotatton and tnlt angies A rnethod for measurmg :

"piay of oo!our" was described earlier in the speolﬁcatson “Play of co!out” soore_l

| is the aVerage ‘absolute difference of the two views (excludmg glmt masks)

Scaled from O to 100, scores close to 0 indicate littie play of colour and scores

close to 100 indicate much play of colour.

Industry survey

In order 'to ensure that the resulis of this apparatus Surpéssed and wers.

repeatable and consistent with human observers, an extensive industry survey -

was carried out during the development and testing of the apparatus, which .

_ htstograms WIH not neoessarlly deteotthls as they do not take mto aocount the ::'_ RER RS



- Table 1.- .Definition. of view ng angle ranges for directional -histograms . .
where tilt is: the stage. t| 1t ‘angl e and rot-is“the stage: rotation: angle
The. softvvare cont rol-led,  image calibr at| on and i nmage anal ysi's nethod SRR
f;descrl bed above is sunmarised.in Fi gs ~15a.t0:15c: of herein 1ncorporat ed 10}'
“internati onal Rakens Application: ‘No.-:.PCT/- AU20081000451agT/Inmog/;rmge

ccal i bratron involves the- steps of 0) subj ecting an: opal. to extended
'-fexposure (r |) | ghtl ng correctl on (| [ |) coI our caI [ bratlon and (| v)

_f--_subj ectr ng a S0 cal i br at ed |mage to (v) segrrent at| on and (vr) hi stogr am .
seasurenment; in. order to. provide: 15an obj ective assessment of ‘the flash . :; ';

:characteristic, of t 0 The i mage anal ysi's may ‘be extended to- incl ude
- body ‘tone: neasurveh‘sﬁtﬁ“eﬁrtn%%ﬂem @W@P’K@'@@M@@emﬁ cpe! iBddstrit one: -

";rreasurerrent i n ram bins for: the
full range of ﬂer%h@a%{ﬂapf{%%t'g%dag tﬁg%?’ %@C% gr%’%r \%‘? % KP one were - _
- created in:a NpaMehHaAe Wb@éﬁéﬂeﬂ@se@t@ébf@Eee’tr@néﬂ%ﬁatrﬁ@%bﬁéi%%é erft method for
~ finding the body tone 5region .in an. inmage, as. al'so describe &arier in the_

- specification, evaiuaildmegraﬁingdmdgammowraedvthegeamgalweratanmwsedﬂab@dy tone.was.. .
" ‘nost readi lry] visible. This was a rotation angle displaying mninmmfl ash_ at E
80 stage tiPt. IMBpMgRted |nas1rrerdeg@6ﬁ&it\%peataﬁ@nPest@rpaatsaNeramaakemgr ons . -
Siwere - classifi eg @s body t ne .and- ul Irﬁ; s Iocgraoft e then calculated
“the mean or avéPagé SR Hta[ft%" PHY C?L qp@s FRE /HVSTE%%%C%dytone

. region, before i he 3D

~“hi st ogram bi ns%@%wﬂal gagiﬂnd;d%;%@gﬁﬁyﬁggé § ?g%;}%@%ﬁygﬁ %S tEj?leported 2
~"Play of. col oushalpssisardeverdget Ritdyh bis theh eua&ble@meun%rrtdrsfté aérﬁst@:fct@ specific
'gcolour changes posi tion, or if 15 a specific region:changes colour; as the:

“view ng angl e seriastp]sglvare plaggtankg @@b@}@lﬁ;’lhwapparﬁ&s fﬁ@&@h@ane&qﬁsd@ect this
. as they do,pot take atial location of the flash: The

t,th
" software corpaf es | ﬁépeéga'%cpgﬁgi ple W\%‘S PRI gr&ﬁ@? 8 yelpatonser es _of
~rotation and tilt an@se%amé\oaa%h\%mh SRR yAfle aB{jﬁ'Xﬁt&far{aC}hg‘d

:-”'descrl bed earlier .in the specification:.. "Play o our' score é 1S the
-aver age absol uwes domﬂ@rzerfreel tbé raspecttvampaisens tiercdragedgaigdd far tHHBSKR) . :
. Scaled fromO0 to 100 close to O:indicate little play of- col our and

‘scor es c ose t BPaiﬁﬁ’efenﬁ? 3@?‘?@ a%@t‘ﬂ‘}?ﬂé@ eB*’flbl%EheoEmefaQE%d Qrade values forthe Ry
' : 9,000 bins to be estabtashed B R

; I_ 15 . o ln order o establrsh each opal's "apparatus grade" each opal colour
B '.scores for each cell were multrplled by the respectwe grade values" for each

correspondlng cell, which represen’ts the apparatus grade” for each of the
9,000 colours {hues), brightness and saturatlor; levels (cells) The individual ce!i f- :
values were then added to gwe the opal $ apparatus grade" which is unrque

20 " An *apparatus grade” 3D array cube structure showing the unique -
characteristics or attributes of a gemstone based on a score from the apparatue' '
("GDA Score") and a score from the industry is shown in Fig. 7. )

Valuation of a gemstone is based on a full ISD histogram, but this

information needs to be summarised for display :purposes. Accordingly, all the

25 saturation bins aré combined to create a 2D summary_histogram of hue and -
brightness values. This can be dispiayed as either a 3D plot {see Fig. 8) where

colours present are mapped, q'u'antiﬁed and expressed as a percentage related | .:



--0:20101040180PCT/ AU2009/ 001332 .39 -i.nvol ved .t-he: participation.from. ...
" independent and experienced opal - industry personnel with cumilative = =
_“industry ‘experience of over 1,000 years. The participants were, asked a

. series of. questions relating to opal: assessnment eval uati.on; gradr ng and

:'_-_:_vai uation, waiddigiss esul ts were anal ysed ‘and 5 incor Q@m@dog/@t@zt he desi gnf

ofithe: apparat us.. Parti.cipants were: al so asked to.value a series of "mar. ker_-

" These sane opal

- "apparatus. grade . each opal our scores

opal s” and ot her___opal s of ‘interest that were selected fromall opal. types "
cand-qual i'ties-within those types. ‘The indgstry . data was- then: anal ysed. and
aver aged,  which- has then enabl ed the i'nventors to.construct a series: of
= sof tware al gorithns that -enabl e .the apparat us to: produce results that 10
are: consr stent: gon&@raéé)eat abl e with conparable:grades and val uations.

2 AR SORREANISYEN e pERa 85 Rivk(SenEicia).alhes
- conput ed fromt%ergmgﬁ °Y§ﬁ@§%§d§%§8r@‘?¥ﬁfé raged values for:the sane:

. opal's were-anal ysed and “al’i ﬁleraged gr ade values: for the-
1”9 000 -bins to be est '
ﬁbédsare@bnsﬂs%n@ of (8t Qn@ﬁér?g.#té@gtc Pg%ﬁe
nultiplied by thmceessqeedte weer trg’readm applLitSs S eoloaneiibeaed éﬁﬁg@@r”@er@%'
‘which represents the: "apparatus grade" for: each of.the 9,6 000 colours: -
(hues), bri ght nBsaccaranemilf aroe reemf@nmtetmtet)ematrh@ahammmm cell |
~values were then added to give the opal’'s "apparatus: grade" 'whlch [T '_i
“uni gue. “20An "apparatus-:grade" :3D array cube structure showi.ng. the uni. que R
-~ characteristi cngHsf&taMbpM&tﬁgnQ&t}p genst one.based on a score fromthe
"~ ‘apparatus: ("GDA Score") and.a score fromthe industry i's shown in Frg 7

~+“Val uation of a gerrsttdﬂme:;flttse medu@m the hahher\?dbshmlﬁddcmfoaf@ﬂcahlﬁésdithhﬁ

~informati on needs to be summarised for display -purposes. - Accor.dingl y alI -
~“the 25 sat urati bAMHFae ohfathemialy H@tﬁhﬂdaﬁfrﬁééﬁ@ ladiybusligaremglobicst ogr am of - hue:

8 ner 2o R SR RaRE SRR BB Pl Belpe % FO
: '-Egper cent age i eI atdration of all colours present di rectscnairty and other charactenstrcs These S
R | 'gemmologlcal charactenstlcs are presented ina readabie histogram (see Frg .
) along wrth the ful report of each charactenstlc In a secure Certrﬁcate of |
:. Authentrcrty document
_____ 15 . R In summary, rt may be appreclated frcm the above descnptron of
. 'preferred embodsments of the invention that-- o
' Hrgh dynamtc range smagmg (exposure biendmg) is requ|red to
cover the ful range of bnghtnesses between d:fferent opals
:» The different brightnesses ofan opal can be objectwe[y assesse.d- |
20 ' using a digital .camera, SURNIERE | EE o
o Under controlled lighting conditions and ustng pfdber calibration
techniques, the range of colours can be objectively measured by
specifying the hue, saturation and brightness values of each colour,
s As a means of reducing the large amount of data contax‘ned inthe

25 images, several binning and visualisation methods can be pursued,

o Boedy tone can be determined, and,



WD 2010/.040180 PCT/ AU2009/ 001 332 40.to the-area of .the:stone, or an: even. .
- ‘nor.e compact 2D pl ot (see Frg 9) The latter i useful for: displayrng “
Cdirectionality effects. v To ensure’ consrstency of . results and:
“particularly- the inmage capture process results ~over tinme, the: apparatus rsg
~col our cal iy Ri@do@s regular intervals 5in accordamyﬁﬁpgﬁmg@ggedures '”
<conformng to international standards. Certificate of Aut hent:i city - -
.-“Use of ‘the apparatus in the manner descrlbed ‘above can result in a {,TT '
i Certificate of Authenticity’ mhrch quantranes t he |nd|v1dual gernnnlogrcal :
10 characterrstlcs of each:opal ;, such as'the colour, ‘body. tone, brlghtness j

--and . saturation. of--all -colours. present directionality and- ot her

. char_ acteristics. Theseﬁemml ogical characteri stics are presented in- a .
readabt e hi st ogram { sed "EiagPapils GA peutier uped iassess goade and e'eaihate

Ly Ly e SRRSO LT, PPN AT, e e;;"ed
- enbodi nent's.of the inves!ddriwm O?ﬂ,;gh dynani ¢ range -i maging (exposure . -
“blending) is- requr red to cover the ful range of -brightnesses:betvween - .

L different opals, The dilfchkbretin, begrgérttat&sm Hiftogramonahs rameRetagl) ecti vel y

5 fassessed 20usi’ ng a digital canera, - Under controlled I'ighting condi ti ons

_and. usi ng prPoper cal i bifelvea it R agakss afehfacitstaskdyosnecot ma thre

RS e g e M L Thgupeggt ol

TR one e SRR ORGP R AR S e oo be

' Irghtmg, stage and other components ofthe tmage capture el
apparatus R T

RERRS | 107 O will be apparent to persons sks!led in the artthat various mod;feat;ons
| may be made In detarts ofdesrgn and constructron ofthe apparatus and in S S
method steps of the methods descnbed above wrthout departmg from the e
: '_scope of ambet ofthe tnventron EEE N | _' |
| | For example P useful rmage capture methodoiogy ;s to secure the |
15 gemstone ona statronary stage (so as to eizmmate any potentlal mcvement
a prcbiems of the gemstone) and systematrcal%y move the at least one lrght
~ source and camera te enable i rmage capture sequences to srmuiate the N
requrred prtch roll and yaw movements _ :
Furthermore, the apparatus may mc]ude a pturai'ity ot dt:gitai'cameras '5:
20 and positioned lights, and all of tﬁe cameras may take images of the perﬁstohe' |
simultaneously, or in sequence, at predetermined angular increments during |

rotation of the stage.



-0-2010/.040180PCT AU2009/:001332 41 The apparatus can: be further. ‘used to: e
. assess: grade and. eval uate all. gemstones “ineludi: ng . |norgan| [oh gemstones and':;'j*z

“nminerals, such as,: or other than, opals. Al calibration, segmens@o@iiand
- hi'stogram neasur errent ‘tasks involved in ipage anal ysis ar Re&ﬁ% H‘J}E@g %‘
one or.nore corrputers operated by softwar"e2 der| ved: from specla lse

omat herratlcal al.gori thns.. Software al so drives the operation of the carrera

1ighting, ‘stage and ot her conponent s -of the i‘mage. capture: appar atus. 101t -
Wil .be apparent to persons-skilled in the art that various: nDdlflcatlons
may be made HCEdHM&S I s of. deS| gn.. and constructlon of the apparat us, and |ng. :

":fscope of anblt of the |nvent|on For exanpl e, a useful |rrage capture
.net.hodol ogy is to gecurantdppafdius GeaBsarament) araseaemenergraetr@qe (50 as tO

el'i m nate any potential novenment problens .of the genstone), and -
syst enati cal i yaemsienesh gompri$i egetstageeu;lorgwmcbatgmtamjnwm aupporeéwblh@
inmage- capture sequences to sirnulate the required picteh; roll- and yaw: i
‘ novenent s. Furﬁrtfreer eer'eeﬂtineecapea*ﬂeﬁm hayfsuneﬁoeeisaoeom at.leastmedaggt tal:
_cameras 20 and It caneras. may take i n'ages of
The gemstone. SetRarBge e hiusing g a&t@ﬁtﬁa o R AR B ar
increnments. durj 09/ 001332, 42Recgi ved 11
'r_:June 2010 CLAIdﬁg t(%r%t %éa%g(?'raltou% osa%ag@is rf@g%%v%% \}El% ﬁhﬁr%‘ alaélal* ng of
o _ of the gemstone to the mcrdent l|ght a d:gltai camera located in the housrng
- .: . ad;acent the or each tlght source and adapted to take images of the gemstone;':
based on reﬂectlon and/or refractlon of the rnctdent l:ght and rnformation g
: 'ﬁ.':'processang means for calrbratmg and analysmg the rmages wherem the
o :_ "'_:mformat;on processmg means |s programmed wath snstruct;on sets for |
[ :'_assessrng one or more of colour cut clanty, scnntlltatron brrlllance lustre
' drspersron and sheen and wherem the gemstone rs supported upon the stage o
: :._ | by secunng means engag!ng the gemstone at rts bottom surface and wherern i
_': colour assessment of the gemstone |s wrth an mstructlon set for colour
o E:__' ca!rbratrng the |mages and then analysmg the colour calrbrated lmages by |

: segmentatron and h:stogrem measurement

2. _ The apparatus of olazm 1 where:n the securlng meens rs a suctlon CUp -

| for holding the gemstone tlghtly usang suctron from beneath the gemstone

3. The apparatus of claim 1 wherem the stage is rotatable around 360° and' |
tiltable around 90° by movement of a gonlometer 5y .

4, The apparatus of clarm 1 wherem the rnformatron processmg means is
programmed with a further mstructron set for controil;ng the camera to capture‘ S
~ aseries of i :rnages at 10° angles for 0* to 3607 of rotation and at 10° angles for - N .

a0° to O° of tllt

. TR Amenrded Sheet
03062010 L PEAJAU



gemstones, conprising a stage upon which a genstone nay.be. supported “the::

-":"stage bei-ng enclosed ina housing that rs impervious:to: fight, least: one__

i theorientation:of 'the genstone to the:i

Chi ght.source l'ocated in the housing and adapted to proj ectqungg@@m/o¢1|3gﬁlt

"~ onto ‘the gemstone, means for rotating an%étljl trtn? tﬂte St@ga%eﬁiéda}ﬂéﬁz‘()%y
ident :lig a digital camera

:'f_i?locat ed in: the housing adjacent -the or each Irght 'source -and adapted:to’
.- take i mages. of the ‘genstone based on refl ectr on and/ or refraction of the

““incident |ight, and information processing means for cali brating and -

- apparatus of claim 1l wherein t

.into a personal uter.

. anal ySi ng thebi magése amﬁmemsmftclwm1n¢/mremthemstmnesseng mmel S
- programmed:with instruction sets for assessing one or nore of colour, “cut,
- clarity, sci nPferr%E"P’tf} rntgrq ?tfﬁ%t?ﬁ!é?o”t ngt di sper.sion- and sheen,’ and e
“‘wherein the genstone is supported . upon the stage by ‘securing- neans engagrng]
~the genstone gt it : -of ‘the-
genstone is vmgth aﬁh%’%{gé@?gﬁﬁi&%ﬁﬁg \?@é} coﬁE?F ﬁﬁ'leg a{rﬁﬁﬁaqt ﬂgg ges and
‘then: anal ysi ngnadeecadolroatibmtibn bndiredge amajgss mﬂosegsmmir@mmdctbhﬁk@,gram -
‘measur eent. fﬂ ;E cfrat us; f cl ar m 1 wherein'the securing neans is a-
~suction cup f 8F"H ﬁﬂdﬁtgooyﬁgn F&H@ tightly using suction from beneath. the
: gemstone 3: The:appar-at us of clar m 1 .wherein the.stage is-rotatable -
~around 3600 apd ti I Y The
P AR B M RO BRUSIR O o D OFL BRELS swrﬁr%ramd
~w th a.furt heinformstionprdaessise meaos, mohtﬂmlthen@ptshé canmera - to - capture a -

. series of inmages 10 |onadat 100 an Ies :

~for 90°to 0 of til} ) ﬁg[ﬁ?]#?g[%%@%%&@ﬁ%?gg %/%E 191‘.3'13] fae sgptyred

- appar. at us .of -claim 1 Wraatrgrtahcarlmera rEedr uct ion- set s, software ‘progr amred

- : gh 'a@Ear-a’tigs of clai.m 1 wherein the gemstone :
i-s an-opal, and th( n‘éﬁ@yé'dp if Ceaki g f‘?tﬁﬁir”%ﬁfsl%ﬁ%grﬁh@ﬁ@i‘@nﬂs for .

'r‘:assessr ng the char acterh@@g?rgm méadlrasBrand body tone -of ‘the opal. 7 A

--met hod for assessnment, evaluation and grading of gemstones Wi t h an

““information processing nmeans, -including the . steps of:-"(a) colour:

caliibrating a8:pl urfamiethodofor Bmemeof ofdhgdash oh@’act&psim:smf dryopaldiigi éral

canera, and <rn?oraeatr¥aro§@i\t 8 pRaheURAGaLL LR bfRoes by, segmentation a“d '_

hi st-ogr am neasur enent for as ess of:'the:-flash -
- characteristics of(a}an oppiuring tlsedas ohrﬁ:grtalamagets pfrtoeeﬁml aga fﬁﬁ,ﬁtﬁmy Df ncI udr ng}
: '._'t he steps. of:. T viewing angEes of rotatron and tilt, ' ' ' i
| (b) -~ capturing a parr of drgrta! |mages of the opaE at drfferent exposure
o times to provide an ;mage of extended range Con3|strng of RGB. - R
. values, o : _ ' |
(o) acquiring a parr of Irght feid :mages of the opal to correct the
image of extended range and so provrde a lighting corrected |
image in the form of devzce -dependent RGB values,.
{d)  converting the device-dependent RGB values of the !rghting '.
corrected image to device-independent XYZ vaiues using a
stored calibrated colour transformation matrix, |
{e)  converting the device-independent XYZ values of the lighting
corrected image to sRGB values using a stored standard
transformation matrix, and so provide a colour calibrated image,
(f) compressing the device independent sRGB values of the colour

calibrated image to provide a compressed colour calibrated image -

' Amendéci Shcet :
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~(a) capturing a series of digital images of the-opal. -at a plurality.of. .
~view ng angl es of rot ati on and tilt, (b)- capt uring a pair-of digital rmagesf
“of the-opal at different exposure t| nes to provide-an i mage ok ﬁdtﬂ%jz :
: range consi sting. of ROB 'values, (c).acquiring a pal rof Qb d e%‘g]ezma(ges -
“of it he: opal to correct t he |mage of exter‘?ded range and so- provi d

lidghtiong correct ed image in the form of -devi ce-dependent - ROB val ues (d)

~.val ues: of the colour ca

“converti ng ‘t'he: devi ce- dependent ROB. vaI ues of . the li'ghti ng: correct ed” i rrage '
©.to device- rndependent XYZ -val ues: usi ng ‘a''stored calibrated col our - :

. transformation matrix, usinga storb@)ookaip/epld, @oabh@dréomwmelrﬂft@&ﬁaéﬁaﬁéhéﬂ
-val ues -of  the lighting corrected i'mage:to sRGB val ues ‘using a store

_'standard transfornmati orPRA ri-X,. and 0) provr ‘de a colour calibrated i mage

._f_'-corrpr essing the de é}ge@ﬁn ted " -

~Lmage t'o: provi de at/dc?orrpr esse our cal |§éate f%%ég @ﬁ%@%&@% 01332

~.44Received ‘11 June 2010calibiated anmeootﬁdmbookstop (kb léSBsmlum wsingiaspl ay the :

“true col our of the opal ) he: devi ce i-ndependent 'SRGB :
PP Ut Rae bty

ned-in step (e). to HSB wval ues

_using a stored traftgf orgrasiirena makk carresgindiigeatthagpal wisik te@cbREPONdI Ng Lo
" “the opal wthin the.col %3% %Arbrated i-mage: obtai ned in step.-(g) and vuthln
this mask excluding redi@IRLIeH magerblainey ‘WTFHK%) q%wﬁﬁ@%hfsdﬁﬁﬁi’catl ng the:
~HSB .val ues*in: the col O%Xc%ﬁﬂﬂegbﬁgdfgﬁ}ge to’a 3D histogramof .a plurali ty
 of bins_of -hue, saturation and ht Aess, ~wherei n each bin contains the -
~area having a subs@t ofW'thtrleth&an'ig@< @ﬁo@ai@gt@B‘BHﬁ@ vadges a\/@eacgﬂmg dobiera®id
~ histograms for all inma i l.ues-of
~the flash,. body tone aﬁﬁ] %?rog a h' gﬂ:}n%fg'f)ﬁ{rﬁl %@3?‘ ?E’&F@H‘%W& those
bins fromthe 3D hist ogam!rimghtrtdsshwlgdere& eatth tBn vahtaés the agey Bating :aver age

area of flash over all vij g%uaongp ﬁ‘éjééhea bm&“% all the S bins to give a -

- surmary hi-st ogr am of - hie Sni- ng all ‘the B bins to -
is_-ﬂI ve a- summ;y(h; s{jogr @retﬁgéﬁiwmeaifmhm@wm& fopmall uﬁhﬁges fanyivaveiodgi ng the(ﬁ)D |
~histograns of (i) over a.subset, of view n s and rtepeating steps :
~and (1) to give summr)f‘?iPQréet?de%tlerﬁ ‘éﬁ'%‘g?%ﬂge%és'dl bgslvdone gad non-opal
~‘directionality of fi asheQY¥RS of heRapngl e subsets. 9. A rret hod for assessment'

-_'of the body tone characteristics of an opal with:
e o e { : selectsng those bins from the 3D hrstograms wrth hlghSandB

| “values to give the average area of ﬂash over all vrewmg angies
(H  combini ing all the S bins to glve a summary htstogram of hue and |
S brrghtness and combrnmg all the B btns to grve a summary
hrstogram of hue and saturation and S
.(rn) ' averagrng the 3D htstograms of () over a subset of vrewmg
| angles and repeating steps (k) and (l) to give summary drrectlonal
histograms to display the dlrectronalrty of flash over these angle _ o

subsets,

9. A method for assessment of the body tone characteristics of an opal with.
an infermation processing means, including the steps of- - |
(a)  capturing and calibrating images with 80° tilt angle at two .o.r more’.:_
rotation angles, one of which is to be used as a master for |
comparison with the others. - A | _
(b)  finding the region of interest Within the.r’nastor rotetion image that
incdludes the stong end within this region excluding glint, and by: |
aligning the other rotation angle |mages wrth tho master rmage
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;_._:.an i nf or ITB.tI on pr ocessi ng nmeans,. |ncl ud| ng the steps of (a).

- angles ~one of whi - ch is to be used as a master for corrparl %2%69/56‘!%32
_-gothers ~finding the region of interest. within the master 5O afd‘dq ‘?O
“‘that ‘includes the stone and within this région excluding. g‘fl N, Ar{anrrezs) o
~alii'gning the other rotation angle inmages W th the nmaster i'mage, Amrended:
. Sheet -1-PEAF AU~ PCT/ AU2009/.001332 45Recei ved 11"June: 2010 excluding’ the
- .non--opal regi ons of the master image :which do not . alter:with: rotation, -._(':c')_'-'

~within this opal mask; &kidngi tHehﬂer@@B{ré@@r%éﬁ%@n%té&n%@ﬂhtéﬂedol%@
~darkest regions of - the ogal and (d)- wi-thi n these body tone: reglons,. -

deternining the averagedl rptatiges and converti ng thémto HSB val. les and |

f- L pephg' nggatvgpgets h?c val mnws%gﬁmaa@%dhatt@bga %ug eaPo%%taSOte.ag% . an_ge_

10% darkest reglons of the opal and’
| '(d) ~ within these body tone regtons determmmg the avmage sRGB
-+ values and convertlng them to HSB values and then allocatrng the o
' .values to bms each contammg a subset ofthe range of the HSB |
values e
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