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METHODS FOR ASSESSMENT, EVALUATI ON AND GRADI

GEMSTONES TECHNI CAL FI ELD 5 The present i nven?ﬂl\ﬁ“”l“‘““ﬂ Ihl”l“l“l
relates to apparatus and nethods for assessnment, s

eval uati on and gradi ng of genstones (including
iwor@amoesand organi c genstones) and m nerpdSAU2008®bo459
as opals, pearls and dianonds, as well as m neral
specimens. In particular, the present invention
relates to a digital analyser flor such genst ones and
m neral s which incorporates both hardware 10 and
software. Although the background of the invention and
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L'1TT bkilldd in the art that it is the intent of this specification that the invention

15  described herein be not limited thereto, but have wider application to all
gemstones and minerals. For ease of understanding in this specification, the
term “gemstones(s)” will be used when referring to all gemstones and minerals
that fall within the scope of the invention.

BACKGROUND ART

20 Current opal assessment and evaluation practices are highly subjective
as they are based on a combination of human observed factors, such as
scoring the flashes of colour as the opal is moved, the body tone, colour,
brightness and pattem. The fact that Australia contributes 95% of the world's
opals is both a blessing and a curse. Overseas buyers often do not have the

25  training to assess the value of opals being supplied (leading to difficult

negotiations between buyer and seller), nor can they describe a particular type

R
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in sufficiently concise and objective terns for the
suppliers to be able to provide the appropriate

opal s. Most genstone assessnent is made using a

magni fication 1 Ox | oupe. The genstone is observed by
helodossgidits i n a pair of genstone tweezers amdr/Ab2008/000459
turning it (using pitch, roll and yaw) to observe

light interaction with the gemstgne and external and
internal characteristics. The subjective nature of
current opal assessnent and eval uation practices
creates difficulty in negotiations and substanti al

di st or®fiapakinisyfficiglly ¢aseisg apd objegline termsferthetswpplissato be able to
m ners e buyers. 10 There exi st a nunber of key
char ac‘frgl{!\agﬁéc%opg%r\?fﬁ%%an opal can be graded for

i ts val ue, MditBerstone addRkOMEnt (S1HBde 8RHg 8eRynfticalidrPfdX loupe.
Brightness Body tone 15 Pattern Shape = O her

char acthe genstene isobsarversbyholdieg ittin @ pair ohgenstonetweezérs @nd
ov ue of an opal, col our and

body tUIEEbiHMEIChpEaab s tackwsldnyinargon wih the
fol | ovggndidne Q&érﬁ@tdﬁﬁgfrﬁteﬁgpcr%%&&{sﬁcs each at about
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| ess si gni Theaobjestive ghature of cunfent @yarasssimertdndevalation
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AR T L s S A
maign t ypes Theéfe &t 8wiumbér 6 kfe? IcR&tatefi&tics @nWHIG N opal can be
observer to assess because of the follow ng:
graded for its value, such as: -
e Colour (hue) and area of flash
e Brightness
s Body tone
15 o Pattern
s Shape
o Other characteristics
In terms of relative importance to the overall gemmological value of an
opal, colour and body tone combined have about a 40% weighting, followed by
20 brightness and pattern, each at about 30%, with the remaining characteristics
being of much less significant weighting. In terms of seeking an objective
assessment by a human observer, colour appears to be the most difficult,
followed by brightness, which seems easier to assess and quantify manually,
as is the pattern, of which there are 28 main types.
25 Colour is difficult for a human observer to assess because of the

following:
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contribution of each col our changes with view ng

angle, that is, wth pitch, roll and yaw. All
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approach is unsuited to opals and is poorly suited to other gemstones, even

diamonds. The image capture device and method disclosed in the Patent do
not allow for gemstone movements of pitch, roll and yaw during the capture of

20 images so as to display the “play of colours” of the gemstone, as the gemstone
stage is not tiltable. Nor does the Patent disclose the assessment of all
segments of the face of a gemstone for each of colour, brightness, body tone
and other characteristics, many of which are especially important for opals,
before grading the gemstone for each characteristic. Rather, the Patent

25 discloses a method of sampling a small area of a diamond by moving a camera
through a controlled arc and averaging the total illumination data in that area to

assess the colour of the diamond.
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sanpling is not suited to opals as it will not display
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DISCLOSURE QF INVENTION

it is an object of the present invention to overcome or substantially
ameliorate the aforementioned shortcomings and problems of the prior art, or to

20  at least provide a useful alternative.

It is another object of the present invention to provide apparatus and
methods for assessment, evaluation and grading of gemstones in an objective
and automated manner so as to allow standardisation of opal and other
gemstone quality analysis and grades, thereby improving the confidence to

25 trade of the sellers and also the buyers and adding certainty to the prices they

may be prepared to accept or pay for a gemstone.



5 According to the invention, there i's provided an
apparatus for assessnent, eval uation and gradi ng of
genst ones, conprising a stage upon which a genstone
may be supported, the stage being enclosed in a
housing that is inpervious to light, at |east one
Iwgbdos/sousce | ocated in the housing and 5 aplapl@eosiotosse
project incident |ight onto the genstone, neans for
rotating and tilting the stagesio as to vary the
orientation of the genstone to the incident |ight, a
digital canera |located in the housing adjacent the or
each light source and adapted to take inmges of the
genst one bAswadinntortbe inventiasn therriisprovidesk araanrantusfor t he

oo | bearessyeib el g SPGB s, Catealialierm rifae upon
i nf or R dHgEM&ERS M Be FBAbHeSthe RIAQR AWsbd Pl ho

: . >th h
i nstruction set for col our cal |tbrat| ng the 1 mages ancl~|
t hen thaiid igpendpusiie light) atleast ahé lightsearcé regA idthe housing and

o1 81 oYt P oiRLn e Jaori e seToPns BiEARS B60otaln and
il i I
goni onkra ek oo 8 ker i ool B olivarg tp g dncien

each ligltha digitalrcamebelopated in BB ®BusiAG agibesie tiSorf2eh lightSource
together so as to m mc human opal gradi ng, wherein

the &Pdadanted tafake images of the aemsiangroased ph éefigstian ansl/or

pOSSi . caxis.. .BRIEE DESCRI PTION OF, THE.
prav Ry b e SEBBbAGH b ibielioR piRoegas omngof catrating
ga0st ane aRFERG TR hag®y Mhirin P8 infémhtih pridREsiAR RRRAL 145
according to a first enbodi nent of the invention. Fig.

2 i s arogrammed with@ndsbwctiorssed faricgloti cajibrating tipeimages and then

the appar.atuys of Fi . Fig. is a view of the

ot at APREAE R, Plouk pifbrdoctibis Busemeniotih ancbistogism
appar pledsurefneht. 9- 1. Fig. 4 is a view of the apparatus
of Fig. 1 wth its housing renoved to show internal

f eat ur es. W@ pzcfoded thaf e sRAGE/ id\kitable GRdhEd B60° and tiltable around

15 90°, and may be part of a goniometer.

sing

it is important that the camera and the or each light source be positioned
as close as possible together so as to mimic human opal grading, wherein the
or each light source is as near co-incident as possible to the camera axis.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 Is an isometric side view of a gemstone assessment, evaluation
and grading apparatus according to a first embodiment of the invention.
Fig. 2 is a view of the camera and lighting arrangements of the
apparatus of Fig. 1.
Fig. 3 is a view of the rotatable and tiltable stage arrangement of the
25  apparatus of Fig. 1.
Fig. 4 is a view of the apparatus of Fig. 1 with its housing removed to

show internal features.



6 Fig. 5is aisonetric view of the apparatus of Fig.

1 with the door of the housing open. Fig. 6 is a view

of the stage arrangenent shown in Fig. 3 in atilted
position. 5 Fig. 7 provides a graphical conparison of

| ong exposure inmage hong and extended exposure inmage
Twabkookore1d horizontal transect of an opal sedyaebostoasse
image calibration. Fig. 8 is a |ine graph of input
brightness values (x axis) agaigst a Look- Up Table

(LUT) transfer value of output brightness for an opa
subject to imge 10 calibration. Fig. 9 provides a

gr aphi cal gconparison of staq ardised i e.{sREB and

PUT: conpr dEi8eti Hacfacic Mew i ihe eapatiis Pt gt wikh the door of the
trans i opal subject to immge calibration

Fig. ?8E%ﬁ%a§£¥he segnentation of a back |lit inmage of

a stone ( afFigl @istg view of tedtageinangem@stishoah il Fighd ih.a tilted
Fig. 11 shows the segnmentation of a forward [it

LUT- cBRPH¥Bsed | SRGBIut inmmge of a stone, with the
fopward |ig. i e of the stone (at left) and a stone

Sk (at G p ety 2 SpniERmaeon 8l EXiosfie ROS tos and
glint ekidnddifegpositeli |k RIFABorivbAtal tFéﬁ%eclit%(@aﬁ 8pARLbiect to

it sHSB image (at left) and a glint nmas at right).

Fi g. IBagsreplibrdien.a conpari son of Summary Hue and

Bri ght ness_. H stograns of .two different opals, and a
conpari so '%1"_& '3%@3%@ ‘@H&b”@ﬁ?eéﬁsé’laf%ﬁ Ydg) AgriRska Look-
of th ' . :

an 800 PG OR T insfy Yol TR OGDul AR rdr o PRk g image
DiipectalinationHue and Bri ght ness Histogranms of the two

opal s used_ in Fig. 13. WD 2008/ 119125
PCT/ AU200d7i9dhrgeidey a graphical comparison of standardised image [srees and

LUT-compressed image lsreait for a horizontal transect of an opal subject to
image calibration.

Fig. 10 shows the segmentation of a back lit image of a stone (at left)

156 and a stone mask (at right).

Fig. 11 shows the segmentétion of a forward lit LUT-compressed lsraait '
image of a stone, with the forward lit image of the stone (at left) and a stone
mask (at right).

Fig. 12 shows the segmentation of glint in the sHSB image lsnss, with the

20 forward lit sSHSB image (at left) and a glint mask (at right).

Fig. 13 provides a comparison of Summary Hue and Brightness
Histograms of two different opals, and a comparison of Summary Hue and
Saturation Histograms of those two opals, for images taken of the opals at an
80° tilt angle.

25 Fig. 14 provides a comparison of Directional Hue and Brightness

Histograms of the two opals used in Fig. 13.



Fig. 15a is a logical flow diagramof a preferred
software controlled, inmage calibration and analysis
nmet hod for assessnent, evaluation and gradi ng of
opal s according to the characteristic of flash. Fig.
15b is a continuation of the |ogical flow diagram of
M@2008fidi2s 5 Fig. 15c is a further conti nuatpcamuméosiodesse
| ogical flow diagranms of Fig. 15a and Fig. 15b. MODES
FOR CARRYI NG QUT THE I NVENTI ON Referring to the
apparatus 10 shown in Fig. 1, an opal is able to be

pl aced on the stage 11 or platformof a gonioneter
with the stage 11 bein 10 tiltable and rotatable bY
novenent dHd¢ @ iga mgmgﬂ%'v diggraghefshprefermed goft\earem@trol ed,

opal x 2cm for,. th

St agel E0e Plfeflo CB, B AingH o afestefoft Bhoi st greans
angl esforpaisladzardng‘tertﬁ@éhdrébté%ubbef@%nbol s m and 8,
respectively. A level or horizontal position of the

stage cor rﬁ!@-pﬁhd%a pwtmuattqmﬂutln@logfcamow diggrammenf Fig. 15a.

c ra 16 one nore |i rces

P 2) el doRie gt niniehon s i Sqita ey sfarams of Fig. 52
posi t )Y Figt 4841 ng the stage 11 away fromthe one or '
nor e |gh9 sources 14 resulted in a readi ng decreasing

from MODE@@&QABRWNG aQpparHE INVENTIONdes a | i ght

i mper vi ous e?ou5| ng and the relative positions of

the caner &ef@mng Ffbthﬁlaﬁﬂft‘fag@dlo@é@wm&" Bigd1.1aneongbisiablactode

12 wi t

posi t Pace o Peisibe e ofifhofth &1 3 J8MCelay 2 e g 1) being
mbQNt ithbld andabitgsd BEmbhemed e ik dohionsdieias halvntiMBlg. 6. The
are equidistant fromthe stage and the |ight sources

14 arePygaydgive dnaxeqrm éme Oé§ o gemlfer thestagad 1c kmibisa

axi s hou Thij s,to.re cate

Ehe. 1 fseafpt etk Ret ot igleso beurdle' Bl By e avigots o
25 Th@nd"@ ES G tively. hﬂ%v@fbr%ﬁf&ﬁal%@ﬁloﬂrgf the rstég@%@l‘rggponds to a
the opal onto the <centre of the stage 11. The door

has aregdingobvd 9B okhed S caner& 46 and ooer mera/light sources 14 (see

8/ 19 25 PCT/ AU2008/ 000459 8 opened only when safe
gso °) g diredlly axp @? grogtfgaé%ipwncwm@eaﬁtﬂseﬂ away

from the one or more light sources 14 resulted in a reading decreasing from ©
=90° to 0°.
The apparatus includes a light impervious housing 15, and the relative .
positions of the camera 16, the light sources 14 and the goniometer 12 within
20 the housing are shown in Fig. 4. The position of the light sources 14, which are
rotatably mounted, is alongside the camera 16, such that they are equidistant
from the stage and the light sources 14 are as near co-incident as possible to
the camera axis (i.e. over the shoulder). This is to replicate the lighting
conditions used for human opal grading.
25 The housing 15 has an access door 18 for loading the opal onto the

centre of the stage 11. The door 18 has a solenoid lock 19 so that it can be



novenent. Wien opened, the stage 11 will not be able
to nove. Light proof cooling vents 20 are provi ded at
the top and | ower sides of the housing 15 to allow
for convection cooling of the apparatus. 5 There is a
nmotor control unit 21 located within a section of the
heoisg191ds> that is separated by a wall 22 pepAviobsoosse
canmera 16, |light sources 14 and the gonioneter 12.
The unit 21 has an on/off switchg24 and indicator

| anp, and includes servonotor driver cards,
contactors of |lanps, safety circuitry and a main

i sol ator connected to a personal conputer (not shown)

at  whi eneeagy when safeite datsposiichirg Wheagle slage J3has ogased any

be co r| n
assem%s%&gr%gﬁ%ég% é\? ém{:%"r'@ rgg?e gﬁ% T%

control s tRyht eoat dddling dtis b hid previ@dd &ike %rﬁrﬁw&rsmes of
12 and its stage 11. In order to quantify the col our

char acthe rhpBSImQ:$5 tofallaw fopeoinyedtios coelimg of trer applaeatist i ¢s

| ash l. f I body tone are
crii cal . TeeRRiE¥ einrnbd ot fpeale it  s86n of egausing
at nul{g ﬂ%ﬁs @E;Sﬁr%d ib) aQk4H8I2 fhdtn tr'%;]{%méré g 6!l ﬁ% %dul?%é g1 4and the

over the full range Of view ng an

capt urgpmqmmjmsflz iTee uite21has ainlinfff switch 2aand ilrididam |4nfye and
rotation stage 11 holding the opal while kee g the
caner d"eHeeS ﬁe@\mm%lﬂr'a@rscwg(éanta@prﬁﬁsmrgs £#le ccerﬁ@traand a

o0 VAR G004 SSRGS AR e Bl e

rotation st age 1on hese.

| it | addwratldsteammga aihélymﬁ WIDSd Edn@romsl Y sctlakel RBRAfEand
the rotation st a?e 11 containing the opal, wherein

t he stQ8§ENg asseain 2odiuendy the mptor comtegl gnib21 o@grols/the otation
back lér{&q]itln'a%’fth n%ni?ggeg?er 11(2|5a agcﬁ&;r ed to deternine if

t he opa tra I) and also to

det er m ne ih&décdiqRantdy tHerHoﬁfuﬁéﬁaré&Q@tlc%f & E‘pal 4Re e

i mage that contains the opal. Wth forward |ighting,
t hi r t yeharactarig¥aged flasheorc'alay of eglott arldbddyttene atescritical. 00
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for steps of tilt angle of the stadge until
geometries are possible, such as tilting the rotation stage 11 hoidmg the opal

while keeping the camera and light sources fixed, or moving the camera and
light sources while keeping the tilt angle of the rotation stage fixed, or some
20 combination of these.
Initially the camera 16 is positioned directly above the rotation stage 11
containing the opal, wherein the stage is positioned at a tilt angle of 90°.
With back lighting, one image is captured to determine if the opal is
translucent (i.e. crystal) and also to determine the region of interest (ROI) within
25 the image that contains the opal.
With forward lighting, thirty-six images are captured at 10° intervals for

0° to 360° of rotation, although 5° intervals may be better suited to some opals.



side view of the opal is achieved. Sonme opals may be
better suited to 50 intervals of tilt angle. Al though
not shown, the canmera 16, rather than the stage 11,
may be adapted to tilt. 5 The opal is held tightly to
the stage 11 by a flexible, silicon based suction cup
Wo wedmgizsucti on from beneath the opal. By peakiva@sibdesse
suction cup and the tubing fromthe suction cup to
the vacuum punp of translucent gaterial, this system
does not occlude the opal in either forward or back
it views.- It is capable of holding the opal firmy
enough that the stage 11 can be tilted from 10 90
(over hBE&SURLRmpgesys (eregied frrlfy’ amsmi@tt aﬂ@ie obifigistage until a

fall a of t he o
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advantage of having a snaller footprint than t
i mpl efbrinay hoadapted torilves t he canera. Software |s used
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16 (M cropublisher RTV 5.0 manufactured by Q nmagi ng).
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1920. The SOﬁwsraBmaemmrtadysetth&seama@esam\msaa aFandoary of the
El ect n The focal th was 25 mm i
ot FE A0 EPRY P psBaisientrerang 0 P Bg et Zamessros M an easily
PCT/ W@ﬁ%@éﬁ%nnép Aestriptic Jesa‘_%ﬁ fég irtthe ware controlled
b ow ng

i ncandescent |ight bulb was use
analysis is provided later in the specification.

It will be apparent that the apparatus and methods described herein can
be readily adapted for assessment, evaluation and grading of all coloured
20  gemstones (including diamond, sapphire, ruby, and emerald).
Colour images were acquired using the camera 16 (Micropublisher RTV
5.0 manufactured by Qimaging). This camera has a dynamic range of 10 bits,
corresponding to 1024 pixel intensity levels for each red, green and blue (RGB)
channel (corresponding to a total of roughly one billion colours that the camera
25 candiscriminate). The number of pixels is 2560 x 1920. The lens attached to
the camera was a Randd Electronics macro lens. The focal length was 25 mm

and the aperture was set to /8.



filament of an incandescent |ight bulb produces |ight
wWth a broad spectrum So, in ternms of the breadth of
its spectrum it is nore simlar to daylight than

ot her |ight sources, such as fluorescent tubes or

light emtting diodes (LEDs) 5 which have narrow
spiokes/1in24 hei r spectral distribution. The pot/goiobsaoosso
exists for the application of a light source in a

"di ffused" manner or oblique nmanger, so as to renove
glint. Seen fromthe position of the opal, the Iight
bulb is a dlrectlonal light source, covering an angle

of approxi nat e . . A di sadvant age of directional
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t he cottbeirlighhrpunasgsichasdlugrescers tueslor dght epitting tiailesd.EDs)

EELEAE AT S et
descr i tag@dppirtafién bih IghEsERESin'd ‘&ﬁfu??d‘ ‘mdhret P HiqIRAhner, so as

for explalning the occurrence of ashes 1s to assune
t hat ftacemevenglinhi n t he opal act |ike small col oured
mrrors. carrera% will therefore

T ' .th herefore
observe a Eﬁﬁéhg&ﬁé‘ﬁg%ﬁ@”aﬁéh%°% thé light bulhds asirectipnal light

t he an

o ven PR, Ealshiq 7 e b V419 128 o e of petons
t her eﬁll).rrﬁndl&mel@ thao Spddiar SeflecibraT@hntthe QuFaeofitie big, also called
light source. The smaller the solid angle (i.e. the

mor e dlliptse eanrelct thabrghylight sbihedight bull gieecdyriate e camera. For
ar ea osfurfgl‘,@ﬁgs?t?qns '\:A%r res%l|n"flsdgc§HgFtrzeacefrp%g%ea%r||s %déura ed arr]1d no

i's coverl

obser \Jﬁlﬂrrﬂadfbrn a@oht&h@ ebloar £ KHghtrias 6RBE ophijaf belobfined.
for the area of flash to becone an objective criterion

for asKessfpiggatens obglingbave topesietestedip e images and excluded from
stinadvard arebo sssberidlse” pihs Septisivhoase 11 For
the image AGHHHIE nddefor 8ASHINIAG Me d&ﬁrr@ﬁc%ccﬁﬁaéﬂbs iR assume
suction cup 1 at the centre of the stage 11 of th
goni orteatdacetPwilinal tresapal act lie simak oabired ntimors. The viewer (or the
camera) will therefore observe a flash when the angle of light incident on the
opal is the same as the viewing angle. For a given light source, the observed
20  area of flash will therefore depend on the solid angle covered by the light
source. The smaller the solid angle (i.e. the more directional the light source),
the smaller the area of flashes. For a large area light source, which is covering
a large solid angle, flash will be observed over a larger area of the opél. Note
that for the area of flash to become an objective criterion for assessing the
25 quality of an opal, the directionality of the light source will have to be

standardised.



prevent it fromsliding off the stage at large tilt
angles. For all opals, the tilt angle (D was vari ed
over a range of 90 in steps of 5 10. The rotation
angle 8 was also varied fromO to 360 in steps of 10.
As will be described in nore detail later in the
spesibmn@isi on, the inages taken at two di fpew 08000459
exposure tinmes were conbined into a single image with
extended dynam c range. For this, the inmage taken at
the I ong exposure time 10 of 32 ns was used as a
basis. Pixels that were fully saturated were repl aced
with the pixels fromthe inmage taken at 2 nms. The

ext ended r Efighe imegfeacwyisitignneasharehwaselageshen the sactianecup 17
' f ' . | ind . ,
et gnienfe oPheidi A iPabiinGigt ©2 bpd Bitreqwith suction to

non- unjréwshtit tro@ss|ifing Gfftiee BBgs of IarfeliféngiBaen, because
each light 15 source and canera has slightly different

char act er i 5ot allopatshthedidtvdngle © wae ndeed oveRaBangenaf0h desteps of

tosbe 1(E)al i brated to a device-i ndependent neasurenent
of ¥ col"our. This neasurenent of col our needs to be

appr opri at ¢hd RitatbRSmbicd W LIRS varied i o%aée%cﬁrﬁét{eﬁé oCide,

of flash and body tone in terns that a person w

under st andAs 24l be\ieSEriloanl ih Biotd HERHil |Hartie thabeshefipativnl the images
The brightness of opals covers a very w de dynam c )
range,@ cﬂh“%iﬂ*ﬁerea prpoguredineswase §9Mbinad inte asingleimage with

or g LR et oRr o, R e 1R AL e mapire e

r a0ge of Bamsavae! wed akdh sisC MBI SthetWe @Iy Eafurbfedavere replaced
single image. To capture the full range of brightness
encouiit@rtaeipixgls a1 the ithegedaken @A mg. i nf or mati on due to

o e AR ol BB BT s R
2008/ b&%fe?@ﬂiédﬁlﬂ%qaé Q88dPShd Hrighfiss 9allkls b the gﬁélgm.:ﬁst,
range for each red (R), green (G and blue (B) channel
i mage lightingmgnpinifeimitiésneeddo besgreatéd.0Then, bo@Rise keaetylight
( s‘gor tsoS‘rrc]g a% I;:ér%er%rheascsﬂglgtwdelfperent characteristics, the device-dependent
RGB image needs to be calibrated to a device-independent measurement of
colour. This measurement of colour needs to be appropriate for describing the
colour characteristics of flash and body tone in terms that a person will -
understand.
20 IMAGE CALIBRATION
Extended Exposure
The brightness of opals covers a very wide dynamic range, from very -
dark areas of body tone to flash regions that are typically orders of magnitude
brighter. This range of brightness exceeds the dynamic range that a standard
25  camera can capture in a single image. To capture the full range of brightness
encountered in opals without losing information due to over- or under-exposure

a pair of images is captured at different exposure times. The chosen camera



at two exposures, 2nms and 32nms respectively, and
conbined to give an image of extended dynam c range,

| ext, as shown in Egqn 1 below. This gives a 5

bri ght ness range of 0 to >10,000. Epnl Bong if lung

< thr lext = |short* exposure. scaling if lung >= thr
Wveraeostiimizs s 900 and the exposure. scaling per/gioesmoiige
the ratio of the nmeans of (long / Ishortfor a

standard Kodak White card. An exanple is provided in

Fig. 7 where there is shown, at left, Bong with a 10
hori zontal transect taken through the centre of the

i mge show aturation_of the prightest regions of

f1 ash Qﬁs.a\é\ﬁ&gﬁf amﬂ"ﬂ‘@ repge i eagh redRi; oreen&3) aéﬁgzlueaﬁB) channel
right,; iAW : ' shqowi;Rg

the. exrea gyl his nhoRibeRrs 8 1005 Rl | A Tg bisapturec

the flatsho expagbiasngmEand 8Rins easpébtivdly, BndcsmtilBéetol gighdn image
source, the lighting is often not uniformacross the
fiel d dfxiended eynamieranaselsaas showd inlEaneikplow Tis gives a

bright ] e e lighting field. To
coregect{qug]rgs% %’ggé%%g%fﬁ%&d;on- uniformties, two

lighting field imges argyn fcquired, "white and |grey,
of standard Kodak Wiite card and Kodak Gey card

respectively. They Kodak Wiite cardiflag<%% refl ect ance
across t helesi l e, 20 spectrum and the Kodak Grey card
has 18% ref | ect &ifte SXRYURTGTYY he Elme>5dMsors in the

e 1o Swhb# s D06 tld ARDLAE Lafflds LUBIBPHEIBIPE he

used to correct the exten range | consit s

of chanealsof Rng / Itno fOEX Btanddrd KBYAK WhiteThgl. | | ght i ng
corrected image Icor is derived as shown in Eqn 2 _
bel ow. WO 20@8aMRleivproFided iR Eigoswber4here isishomgnat left e with a

_: 1:6;); &ﬁ?@ﬁ%r@%&?g gﬁ%@gﬂﬁg@q th?}%\%ﬁ{r& g? tme ?rrds:;gge)a/%hoivir{gl Hbliration of
Lmax* 16é Bfightest regions of flash (i.e. clipping of the G & R at 1023) and, at right, lex
with the horizontal fransect showing that the extended dynamic range removes
the saturation of the flash.
Lighting Correction
15 With a single light source, the lighting is often not uniform across the
field of view of the camera. It will tend to be brighter in the centre of the lighting
field. To correct for these lighting non-uniformities, two lighting field images are
acquired, lwnite and lgrey, of standard Kodak White card and Kodak Grey card
respectively. The Kodak White card has 80% reflectance across the visible
20  spectrum and the Kodak Grey card has 18% reflectance. Assuming the CCD
sensors in the camera are linear, these lighting field images can be used to
correct the extended range image lex consisting of channels Req, Gex, and Bex.

The lighting corrected image . is derived as shown in Egn 2 below.



where Lmax is the scal ar maxi num of the neans of the
channel images. Colour Calibration Because the CCD
sensors in colour caneras can have different 5
sensitivities and because the spectral characteristics
of the light source can vary with tine, the lighting
o6 bRGi®Ehsi mage, lcor is specific to the hapchwarGosmBisse
up of the apparatus. In other words, it is a

devi ce-dependent, rel ative neasyge of colour. The
process of converting the image to a

devi ce-i ndependent, absol ute neasure of colour is

call ed colour calibration. 10 Device-specific RGB to
devi ce-i ndependent XYZ In orB88Zt o convert from

devi cg-speci f I V, ependent XYZ
va?/ueg' ag.edefl;nﬁxe( nﬂ ze’@?éé‘??eﬁ HnggnéBgﬂfl P

I nt er ngt & onal (@,d egrey)l Lﬁg}*@oum@o /@m,h,t; iy &) ma_tn%)@f@d;o
Commi ssion on Il lum nation), we need a calibrated

col oumherRlokeis thexsaslarmaxinigm of termesns o the\thebee! imageasd
whi ch L 15 col our swatches of known
o SR

devi ce- " XYz val ues. By capturing an i mage

of this capécaasdtRECDEEh&Hs MNDISRRIMBES c4ahdeS difr@fent
each col our swatch, the transformation matri X,

RGB2 X'sgnsitivitiesiaad detauseithe spdnjral chaeateristicy eftbe tnght source c¢an
bet ween th '&RGB val ues and the suEgl i ed XYZ

val uodary it e ing sonected FnagRde Sapop fpethe hiardwgre set-
fgnveﬁb%ﬁtﬁe%pggétﬂéaidj ef Worl gg Gt lgé\évfc%ggeno?egt YSLAR measure

IS matri x VICGII’] epen

devi cef cololepEnslprotessEBonvarinyttg imédieto a device-independent,
devi ce- mdependent XYZ nmeasure of colour is an

i nt er ARSAIGRAMeApUreR] GgloHE s waleckerieur galitsatianol our
r%r e%i(ﬁc%t p%@ c'FEquoldleU _méunl I%nti&f human vi sual

yste easrly uan ers y Non-experts, so

| t has 25|nwt@ BorWRFtifRfh ddvice-SiedME RGB ViR to device-
representation, called sRG. The D65 WO 2008/ 119125

PCT/ AURGOSIE0bX¥E valueas as Haﬁnaddmth@fJIE (Ganmissind éntemationale de
GEATCREN 2 RN TICVER N ER ST .
transtgbuf él{é‘éﬁér%rcm(m a Mhﬁéé‘ﬁ)or Maﬁﬁ@(h %a%@&?ﬁag Qkeral
of the human visual system I mges o
16  colour swatches of known d ewce—mdependent XYZ values. By capturing an
image of this card and extracting the mean RGB values for each colour swatch,
the transformation matrix, RGB2XYZ, can be determined by linear regression
between the measured RGB values and the supplied XYZ values. Thus the
RGB values in the l.r image can be converted to XYZ values in the Ixyzimage
20  using this matrix.
Device-independent XYZ to gamma’d device-independent sRGB
Although the device-independent XYZ measure of colour is an
internationally recognised standard for colour representation, it is linear (unlike

the human visual system) and not easily understood by non-experts, so it has

25 been converted to a standard RGB representation, called sRGB. The D65



opal s are viewed on sRGB calibrated nonitors, they

Wil closely match the 5 actual opal appearance if

vi ewed under natural daylight (D65 |ighting
conditions). So the | z image is converted to the sRGB
calibrated i mage, | SRGB, wusing the standard

t wansfsaramst i on matri x, XYZ2sRGB, shown i n Egor/auioesdioovsss
Egn 3 XY Z R 3.240479 -1.537150 -0.498535 XYZ2sRGB
= G -0.969256 1.875992 0. 041556 14B 0. 055648 -0.204043
1.057311 10 Gamma'd sRGB to non-linear Look-Up

Tabl e' d sR@EI ut The sRE standard is designed for
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Shruct o S GRS BRupb Al PRGBS KEor ity femms

br i ghtaurve)dosely miHténdsrgef theSuntin wédal syeeend M SREPimages of
accurately 15 represent the col our of both the body

t one AREI%Ie viewedipn SRGB ealibemtedmenitors.dhey with closgly dithethe

(L) used to.compress th ynam . Of

the” 171088 pHEFoal T TRTRR s maliralopRL Y o) RPuie

can CQcouitishs)V6 IOt R &di

the flash. Th)i sé Ehoeﬁﬁﬁz;qﬁ?eég%ned teg&(ggfél [ nea?é"?ﬁﬁ?cﬂfénage' lsmee.
br i ghtuséwdthe sandarddfansioemitmaymatox e YA2sBGRa siovnvindion 3 below.
Bf | ash -700) and to conpress flash 20 bri ght ness

>Bf | ash as shown in Fig. 8. ing this LUT to | sRGB
gives the image |SRGB, ut,yas showp in Fig. 9, where
there is shown, at left, I)gRGB indicating” the true

col our of the bright fR @dweg7duts53hsobodysssne is

rel at iX¥d3sR&GHE % and, at WO 2008/ 119125

PCT/ AU2008/ 000459 15 G ;919256 REBTa90299-04Hi6a tr ue

representation of bod | t right
orange flash regions ?p%gégsﬁgr@é@g??lohﬁ%aguse of
saturation. Colour transformation fromsRG@G to sHSB

The RCGB representation of colour is comonly used in
i rﬂé’ge Qamqng’rcbsRGB to non-linear Look-Up Table’d sRGBlut

The sRGB standard is designed for display of images of diffuse
reflecting objects such as the body tone of the opal. Because the flash is
specular reflection from the internal crystal structure of the opal, it can be
orders of magnitude brighter. No single image display will be able to accurately

15 represent the colour of both the body tone and the flash. For this reason, a
Look-Up Table (LUT) has been used to compress the dynamic range of the
flash so that a realistic view of the body tone can co-exist with an approximate
representation of the flash. This LUT is designed to be linear in the brightness
range of the body tone, 0-Bflash (where Bflash ~700) and to compress flash

20  brightness >Bffash as shown in Fig. 8. Applying this LUT to IsRGB gives the
image lsreaut, @s shown in Fig. 9, where there is shown, at left, lsrgg indicating

the true colour of the bright flashes but the body tone is relatively dark and, at



5 and display devices, but it is not designed for
descri bi ng human perceptions of colour. For this,
transfornmation to an alternative representati on of
colour called HSB (or HSV) is required. HSB stands

for Hue, Saturation and Brightness (also known as
Viabuep/ii9Hse i s a neasure of the wavel engt h péraunesonesss
and is given as an angle between 0 and 360.

Saturation is a nmeasure of the ggrity of 10 col our or
the anmount of white added. A pure colour wll have
100% saturation. For decreasing val ues of saturation

t he olour, i s increasin diluted with ite
The BB RESASIES VARIEy SraaloRelSEp e 0aP cRur BLt the bright

i nteng ecﬁasﬁ IF@gn lébB {)}% geﬁcﬁW gBLsRb O?Qétﬁlléﬁloﬁf"' I

have 1 brlgh ess. reasing values

bri ghtcrﬂasrtraﬁsfoﬂmtmmbmeGB to BASBasi ngly dil uted
with black. In the extended 15 exposure inages
provi ded hEF%Rﬁ?B repEesemtatign @‘@loyblsmmn&m@qemr@weagwpture

e B0 ERSRY S T gt o
defi n%@loﬁ?'%ﬁ' this trhﬁsfbﬂ@at%ﬁQ@Qﬁ%ﬁé‘n@ﬁvetrgﬁe%ﬂbﬂ' df@8lour called

Transformng sRGB values will give standardi sed
"s HSB'HSEa(qn éESV) issteguirade HSB atm;i sPesHYeh iSaturgtizinrand Br@htness (also

Appl |n B .t ransfor t|on efined in Eqn 4
el o HEU AR YATSRARIS b ratzsuls 4 2k wRtsieabel @ cdleys 5 fnaiver
H=20 I/

g > ba's ago%gle‘b §'e (ﬁgﬁé ?nG(g') S‘a’ﬂgé%cm ?%ﬁexdsgrerﬁ?éhe puntg‘of
600x (cbloup br(tha)amunt)of-whltéﬁddéd mwepure cglotOwill have 100% saturation.

(r-g)/(max-min) + 240 if max = b WD 2008/ 119125
PCT/ A Dé%?rem‘galuqse)fsat@tw ntig-Bore eolaur i incregsingly diluted with

ot her Whﬁ?u-re's% Bri spe | Veéfﬂ%;}:', rlse? l;|1eagure fﬁ{eqnli%ngtﬁjf tt‘% colour. The

and B va sca
brightest oolour will have 100% brig htness For decreasing values of

brightness, the pure colour is increasingly diluted with black. In the extended
15  exposure images provided herein, the brightest colour Bmax (100%) has been
scaled to 3000.

Because HSB is a simple transformation of the RGB values in an image,
it is defined relative to the standards of the RGB values. Transforming sSRGB
values will give standardised “sHSB” values, relative to the D65 white point.

20  Applying the RGB2HSA transformation (defined in Eqn 4 below) to the lsres
image, gives the image lgyss.
Ean 4
H= 0 if max = min
80° x (g-b)/(max-min) + 0° ifmax=r&g>=»b
60° x (g-b)/(max-min) + 360° ifmax=r&g<b
60° x (b-r)/{max-min) + 120° ifmax=g
60° x (r-g)/(max-min) + 240° ifmax=»b



to the range fromO - 1; max is the maxi mumof r, g,
and b, and mn is the mninum |MGE ANALYSI S BY
SEGVENTATI ON AND HI STOGRAM 5 MEASUREMENT Havi ng

colour calibrated all the inages captured at the
multiple viewing angles, it is necessary to identify

t e p@riidign of each i mage cont ai ni ng speci f pPCT/AUBH/ @ISO
of interest, such as the stone or glint. This process
is called segnentation. 10 Segmegntati on Stone
segnentation in back |it imges In order to reduce the
anount of tinme taken to capture the nmultiple imges
with forwarg lighting, it is useful to |ocate the
regior°of imterest, RO, within/WR¥Tfage that
contains the Opal/makhi s is nost egsilycderived froma
back 15 lit image rather than a forward lit inage
becaus®=t he mma¢Bmbkt i nmage has greater contrast

bet ween the background and the stone. Therefore the
first i mag¥he® e b argdheReE. ard B vBlyes respectvalyy ofva pixel scaled
the st ' e and RIS S| se nt e
by si &%?*29 '{ahlbéegﬁlglqidl %S"*s’? %ttﬂ%n‘g\%'g{ruzng@arblb’i %r}ﬁ’t%é‘gg"e"d'f I$ the
t he t hnignunehannel s as shown in Fig. 10. The RO so
derived can be used to restrict the 20 area of the

i mge IMAGE ANALYSIS BYZ.SEGMNENTATION ANRHISTRGRAMar d

[t ' an greatly reduce the tinme to

negsuﬁﬁggyrﬁ%@gﬁfl n the case of translucent, crystal

opal s, an ﬂgﬁh§ oBa cdibragshl the in?ag‘é§%gf>wl;éa ét%@ﬁﬁltiﬁ%%iewing

opague vei ns of potch running through e crystal.

mask @nglas) iRiB0®Lassanio idRaETifythl Podiv0 0Ddad imade tiresiaing specific

opaque regions is re%ﬁi red | ater when determ ning the

body 8RS intgeest. spehas theistane o glinte i Prasasois Gﬁg?%rd

lit i | ke the back lit inmage, segnenting the
}g@ﬁniértn%fﬁ A,

f orwa I'mages is a much 5 nore chall engi ng task
f di0 s&SegmaEntatkasons. The opal can be both brighter
than Stone segmentation in back lit images
In order to reduce the amount of time taken to capture the multiple
images with forward lighting, it is useful to locate the region of interest, ROI,
within the image that contains the opal. This is most easily derived from a back
15 litimage rather than a forward litimage because the back lit image has greater
contrast between the background and the stone. Therefore the first image to be
captured is a back lit view with the stage tilt angle at 90°. This is easily
segmented by simple thresholding of the average brightness of the three
channels as shown in Fig. 10. The ROI so derived can be used to restrict the
20  area of the image to be captured and processed for all the forward lit images.
This can greatly reduce the time to measure each opal.

In the case of translucent, crystal opals, an additional threshold is used

to locate any opaque veins of potch running through the crystal. A mask of



t he background (in the case of white opals) and darker
than the background (in the case of black opals).

Al so, depending on the angle of tilt of the stage, the
bri ghtness of the background varies in intensity from
nearly white (when viewed fromthe top) to nearly
bivaakosfiisist he side-on view). So a sinple thpeskeossiooosso
cannot 10 be used to separate the opal fromthe
background. In addition, shadowgyat the edge of the

opal nean that sinple nmeasures of the uniformty of

col our and brightness of the background cannot be

used to segnent the The segmentation is

per f ortiRSE R Ee0iqD] g'&%‘ﬂ\'%@?tﬂ sRdgierminingdhe boditere of the
Fig. LfgheSince it gives nore weight to the part of the
dynami ¢ range 15 containing the transition between
backgrsteredsegntbntdtion of foFhgrasepragesat i on algorithmis a
sequence of operations, roughly as follows: transform
the i mage Unlikedhe badkliimags, segrhentioasheonwardilit ioragies isssmuch

h f .th t ext
2t Vb BRaBFR 8 P TS
th I
e ekl e cdm RS o) i PIBIN Bt

t he opf CE(SHlC@MaG&deﬁ)Cé)SO depeadiap enbise anple oftilt ofdiedstage, the

t hat det erm ned _di stance fromthe
onal DliEod e hedkSinie KEt e B HBa S am ey e auien viewsd
the t

e Womy éfoquto ﬁ@nﬁ-ﬁ/foléc{& o({:?"tg? g.pg-gmbgv 1°|§? si@ﬁn%ggﬂré&%% cannot

i mage. | nt ‘seg

Ha0i ndpediséd teskpateste mesjpablﬂ'orh tee IngkGrouhdan paditib® shadows at the
t he opal containing glint needs to be excluded.

Thi s |e§9%afstﬁﬁ 9p§'é@¢ﬁéﬁh%ﬁlfﬁpleu§¢a¢grq€r¢é theawniforrityt of gblont and

(Fon, SRR LSRRG EAAE By Bl Lot et
PCT/ AU2008TKi&xpenidlion $4 pattopmbd bR tHeAkeT- b&ﬁpﬂeegéoc@ad@m@age

of the results of threshol ding S<Sglint (40%
B> Bgl Ksﬁe Fia. 200 pines it gives nerRSBeightigehg patotihg dyn@ync raugsy

nen n of forwa rﬁéa i bed
B Modhe Poan Seyearackipafs BT sare Ths ssamptaton
t he élgeﬁmbn i83SseasneltbpbrainRd r&b@h%%' leva&ggLH@om thBimage
regions and, in the case of crystal opals, by
excl uititmg fartethatnerdancds rgpaqifermities such asithe edddses ehendpd,
interfere
colour texture and the edges of flash (the transform used is the maximum of the
local pixel-wise variance of the R, G and B channels); threshold this image to
20 get seeds within the opal (high variance); generate background seeds that are
an empirically determined distance frorn the opal seeds; and find the watershed
boundary between the two sets of seeds in the gradient of the variance image.
Glint segmentation of forward lit inages
Having defined the mask of the opal, the portion of the opal containing
25 glint needs to be excluded. This is easily segmented by using the fact that glint

is both bright (high Brightness or Value) and white (low Saturation). It is



with the neasurenent of the body tone of the crystal.
Now t he regi ons which display body tone need to be
determ ned before the col our characteristics of that
body tone can be nmeasured. |If the stone only has opa
inits face, then the 10 body tone regions will be
twoseshese the flash is "turned of f', in opd@Luv63fo6lGs9
where it is not visible fromthat view ng angle. These
regions will be the darkest parig of the stone.
However, this sinple definition of body tone region is
not valid in all cases. If the stone has either potch

{1 ey iopSgaeteing lhEaAR of ey o Heswpiing S<saint (40%
nbed : i (L he; he dar kest
part or el e RUpEFERor b B iR Teed BE1AE “on: opat

r egi orBodyabiesednivarativn of ewkadyinses of the opal
present in the face. To distinguish between opal and
"non- opal " Ap 8gF&ived gboven thesmaskeor RRIef ths imade coftaining only the

v SvedPRH s S R Ro B 3R RE R i e 2t s e of
t he stcpyeal Wobls, &Peﬂéftﬁﬁ@rtﬁ? irfterﬁall%ga&&&%@fo'ﬁ Qihck %he@@_?_\ﬁl igterfere

of images froma stage tilt angle other than 901.
means Withgdbe measurpaentaftharbedy thee ofite crybtal. Nogethe redians which

LI 1 B it Lot Wi
taken gt b@gif&k%ﬁ P%tn?&%u{e%? 3 thQStoRD %gﬁag}éﬁ%\lﬁﬁ ﬁ‘]s, face, then the

rot ated ba In software order to

betifor dotiitynecagiohewill benhdsedvhefd ti: R B tEMEPHIF, in other words,
necessary if 25 djfferent lighting angl es are used. If
di f f eMdigre it isgiat vistplefiyn that Miewingangle. T Rese regigns will be the darkest

25D B e B e AN B3y B TS o

PCT/ Av2iDid/dNQRA4&S If tAS stoR® Radsiter phRB (P withdut tO&Pstal structure
whi ch do not change their aﬁpeara_\nce_ In these
mul t i phichgagiges ﬂﬁfgbgr. bauldes ftneireskdn whieh fesenal snmbedded)

Ll AR St A RS SH e ese

I n t hendiadghivaregiof€fativk? tfdn thiige BRIALAL bithe b%al pPésenbR&Re face.
established that a sanpling frequency of 100 'is
necessary Todistinguishrtefwednoopahant friohtopal gdgienstaf tenstomes use is
that no fl ?a]h £ e%oqs are mssed. This requires
made of the factthat “‘non-opal” regions remain the same when viewed from
different angles. Geometric distortion of the stone will be present if a
20 comparison is made of images from a stage tilt angle other than 90°. This
means that a comparison must be made of images taken at different stage
rotation angles (or different lighting angles) for a 90° stage tilt angle. Images
taken at different stage rotation angles must be rotated back in software in
order to align them before they can be compared. This step is hot necessary if
25 different lighting angles are used. [f different lighting angles are used, then

each separate light source must have its own set of colour calibration files. The



the capture and analysis of 324 images to cover the

“full range of viewing angles. This is challenging to
nmeasure and even nore so to display in a way 10 which
conveys a summary of these neasurenents. 3D histogram

of stone HSB val ues For each image, a stone mask has

bee ookl fi ed which excludes the backgr opdga@068/000459
glint regions. No attenpt has been nmade to excl ude
"non-opal" regions or body toneggregions because these
are only established at one tilt 15 angle. A summary

of the stone col our characteristics is created by
taking_a histogram o sﬂag vglues present within the
mask. BAEAP ifgsﬂa? aif neseWhiph da pptghagge their appaRiracein these
pi xel snfigdd '\,igg,i%é,%g_n bins of Hue, Saturation and

Bri ght ness value. There are 30 Hue bins linearly
spaceFlash Histogramgneasurdment 360. Saturation has 10

bi ns between 0 and 100% Brightness has 20 bins 20

pi ece- wi seUnikedwdy Jonspsehistviewgangle indensndent ¢he fashlirean opal
ragge N . (,Q+.Bf and b- bi ns .
ragge 49 e%fwnp%?ckﬁ%é(m]ﬁg?ﬁ%{gﬂg (I% I}aj’éﬂg[e %SFEQ)O} tglfzfap{)ﬁréatus, it

in"the ranhge contai ning

pi xel hagbeén bstabiRABd Biahaisampling FRlieRdy 6M10° NERBEsHY In both
pi xels in the stone (including glint regions), then
t he biretatieq and tiji angtestth enpure it nd dastofegidne ares mimsed. This requires

havi ng_t he ,HSB val ues o at bin. 25 This is a very.
conpact® %ﬁmwgﬂ&yﬂﬁ °£%4‘€imagﬁﬁgjo9%af J‘Srﬁ‘?" 8pge of iewing
exanpl t ' ' ; i
Fequy o agleg T BRAAeRAR, Mibkode A DS ol HFisplEY R 2 way
¢ d0o uwhighf conmeytsi aosumrBgrydif shese dieagutehentgpat i al cont ext

the WD 2008/ 119125 PCT/ AU2008/ 000459 20 3D hi st ogram
r equi PESPRIRMeOf SRS values H bins x 10 S bins x 20 B

requi i Ul |
pat al cont o R B kT eR Rer G lfies e

nul ti paekgrondsardiajinbegesads atengthat beemRHE ¥ exclude “non-opal”
proportions of the stone havi n%espem fic HSB val ues.

5 The redipfisenpodptosiedagions beasysathese resoonleessablisted ot qr tilt
5450, BB A BTSRRI e E BB py g
St one hisldiRam of IISB QalBed preabMdviPiH thBYndski BE:H Hi&ogram is a 3D
know edge t hat
array of the counts of pixels falling within bins of Hue, Saturation and
Brightness value. There are 30 Hue bins linearly spaced in the range of 0 to
360°. Saturation has 10 bins between 0 and 100%. Brightness has 20 bins
20 piece-wise linearly spaced to give 10-15 bins in the range containing body tone
(0-Bffash) and 5-10 bins in the range containing flash (Bffash - Bmax).

If the pixel count in each bin is divided by the number of pixels in the
stone (including glint regions), then the bin value gives the proportion of the
stone having the HSB values of that bin.

25 This is a very compact summary of the colour information. For example,

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



flash is both bright B>Bfl ash (700) and quite highly
saturated S>Sflash (50% . (Note that these flash

Bri ght ness and Saturation thresholds nay be |owered if
10 the Saturation values of the body tone and

"non-opal " regions are known). The result is a 3D
hwet2ognamsof flash HSB val ues. Sunmary hi st pgraimsoswbosso
flash H& B and H & S values The 3D fl ash hi st ogram

can be stored but it is difficuldyto display for easy
human i nterpretation. Consequently, all the Saturation
bins are first conbined 15 and a 2D summary hi st ogram
of Hue,apd Brightness values. .is created (a "Sumary
e 13 30 Digara reoul e omi o100 s Bk 46 1S LS bins) to
conbi ; u I ' ] .

Sat ur Aty saty tormelo 1S bcalBURE MM ortdif & beon discarded,
Hi st ogistognramsStomrmitptiplaSievid SN /iged wget%aﬂréé@%ﬁaﬁons of
for two opals, "Colden 20 Grace" and "Fl atspot™, are
shown the s&ng_hamgg speficiBB Mplvesgram i s to be

the hei gt 15 SRR 2 etoh Tl dhafm {85 i Be 0B 5
pr ODO_I'Hiét@@-aﬁ'f, sé@ﬁfg. Weoontamstﬂm BoRRSHdr BSth flal gﬁjdaséd}r{ ne -

of brightness are used to display the proportions-o
t he arregioheptthgistonet Theskean beisopara@dioghbyesisg thierksofvizdge that

1 il bl i G S A R s
the Wﬁbfmhaﬁfweﬁ@@%ﬁu@eﬁ%@mg%ﬁﬂobgétghaﬁgﬁ Hﬁeﬁ{oﬁ% Jnay be lowered if

proportion of tha ; e ar, gra ons

of 10s attbe Safueatioanveluas efitht®ody &ipkawd t"heh-sdpegibhe Bk Kbwn). The
the area WO 2008/ 119125 PCT/ AU2008/ 000459 21
bel ondFFit ¢ 8 Ihistegranbeldlash HEPMAUSS. bi ns for that Hue.

Note t ' dat.i e t, as_jnformative
becgus%mq’é\@ﬁﬁsgoo%gﬁqggf h‘%SZ’:E &%a'ﬂgf' ?Hallug%t uration
very much. TNOBP flabihistgfad 8arSe s@rddut RISt f&Rsplay for easy

Hi stogranms in Fig. 13, the 5 maxi num area proportion
of a JAgNdnteRsetation. Congeauetia @l the Sataratign bibe ate fireli eombined

that of ,"Flat t". .Ho w . Wh he. i t ak
LR VT O
wher e “Sti@mahy} BB Mitograk®) SIS aft tHe Bridh@iRs biH3&H&E coribified and a

flat
2D summary histogram of Hue and Saturation values is created (a “Summary

H&S Histogram”).
Summary H&B Histograms and H&S Histograms for two opals, “Golden
20 Grace” and "Flatspot”, are shown in Fig. 13.

The H&B Histogram is to be interpreted as follows: Hue is plotted on the
x-axis; the height of each histogram bar is the area proportion of that Hue;
within each bar, gradations of brightness are used to display the proportions of
the area belonging to the various Brightness bins for that Hue. Similarly, the

25 H&S Histogram is to be interpreted as follows: Hue is plotted on the x-axis; the
height of each histogram bar is the area proportion of that Hue; within each bar,

gradations of saturation are used to display the proportions of the area



spot inits flash when viewed from above. This
information is not at all evident in the Summary

Hi stogram For this reason, 9 additional H&B

Hi stogranms were 10 produced to sunmmarise this
directional information. Directional histograns of
fwasdvsiiofesB val ues The Directional H&B Hi st pg adosioddsse
"CGol den Grace"” and "Flatspot"” are shown in Fig. 14.
Tabl e | bel ow defines the range2gf view ng angles that
have been conbined for each of the histograns. 15 The
directional histogramfor "Flatspot" clearly shows
that there is ver little flash when viewed from

above 9ing te fhestrEguyPRIFRtISR PR dPrthatitie: Nate thajgheseef ¢
> .
g -(l)_r ) YrihibhObre ridY a§ﬁ’1 r Qﬁ\sehb%oj%ﬁ?éjgésﬂﬁ 68 ?18{ %egb ?&a\?aggg}m

| den G ace ows t

area (Séthrd]tm]fveW’ndud;l'ﬁ al so nost col ourful (fl ashi ng
orange, yellow and green) when viewed from above. This
di r ect i onaNotedhatgceerdingite the/$ummayy H&Rbisteanams oy Fig. 13, the

o i SIS0 -EERk oy ST S i
or br @t lof “Flatshde Howdadr, vRén ﬂwﬁh@@eé"f‘ék&’ﬂaﬁéﬁh%@e@ﬂ?éﬂg‘t’e are

viewed from many directions. Above (filt>60
bot t oexamimedeit istobvipus-@0redhé (I-?latsﬁﬁ'?:;t&r)e gdatsﬁtls obme’2thdrg s a flat

? rR o£ <g§‘t?tt'§[pf Iﬁa%:\whéft‘lg%\%l?de?g% &ﬁp&( tT%ts?léf% tlog is not at all evident
( ( r ot ﬁ@tﬁe@unﬁﬂér&%ﬁ%‘%&% EMthl\éQeng)leé %%@I&(?%lygg) Higtograms were

PCT/ AU2008/ 0004 TR - I ght

( 0ot ]aln‘lﬂucéd to@s(mmﬁnselﬁi dﬁédtmné’l@nfon‘ﬁéﬂbncent re
t||t< 60 (rot>157.5) & (rot<=202.5)) TL - top
Ieft @aémffoeram%‘tﬂagw &B vglues ot <=247.5)) CL -

(é E nE r golt tez)'fhé b#r éﬂ?? lq—i&&lél%;gg%ne% é)g é@gin éga%é$an§ 2Fla%|got" are

(1 ot <3R3#n M Pig.Tah I Rable + bl diefithds tA8 ratge\or QW@ a?i@ﬂithat have
ranges for directional histograns where tilt

st age been corabigedfos gach ofithé bistageares. age r ot ati on angl e

;Hgl S o_f t Wﬁtq%tg &lénoal k%%gramn?ogeﬂgt%%tb EI%ta}I)E) Q‘uowsqhatqﬁgre is very

ysi s
little flash when viewed from above but it flashes green strongly from the Top

Left (TL) direction. By contrast, the directional histogram for “Golden Grace”
shoWs that it displays the largest area of flash and is also most colourful
(flashing orange, yellow and green) when viewed from above. This directional
20 information will be important for buyers when choosing an opal for a setting
which has specific directionality constraints, such as a pendant or brooch,

rather than for a ring which can be easily viewed from many directions.

Above (tilt=60°)
BC - bottom centre | (tilt<=60°) & ({rot337.5°) || (rot<=22.5°))
BR - bottom right | (#ift<=60°) & ((rot>22.5°) & (rot<=67.5°))

CR - centre right (tilt<=60°) & ({(rot>67.5°) & (rot<=112.5°))




descri bed above is summarised in Figs. 15a to 15c. The
i mage calibration 5 involves the steps of (i)

subj ecting an opal to extended exposure, (ii) lighting
correction, (iii) colour calibration and (iv) col our
transformation fromsR@ to sHSB. The i mage anal ysi s

I Wobisase1then subjecting a so calibrated i mageAtos/dodsso
segnentation and (vi) histogram neasurenment, in order
to provide an objective assessmgent of the flash
characteristic of the opal. The inmage 10 anal ysis may
be extended to include body tone neasurenent Body

t one neasl , or der e
i 5t 0gr am|RE0R HEM b @20 Salrab 1 1pgh & @arfuawah
and Bri ghi 3esso bR, Wi /lBogy §§<&B§1¥;2§B> GbR-55£8H P

In a mnmanmper eaf

speci fi cat Tonopedl t he nefikagod) ar(bi-2dpBY & H6i<L24RSY

tone regi on T am TmEge  tTat—was—described—earter—n
t he specifi%atqeotne leflr e | (#itceB0) & (otr@HAEP)R (rots=292.5%N)e

sof twar e gcgﬁ tethz{ ! ave SRGB val ues
wi thin thiBLrBgtom JE50) Rdtrotapes?) &tier<sadt &)
to on h B val u .
7 el MctBioRbFRAE RO BaeF iyl gy s oace o
nay bes #ppstags tit Ayl armok Rehabaye rdigdrdangld. on of 20
preferred enbodi nents of the invention that: Hi gh

dynam c ranm Qé SPMPNQW@!‘)@[@UG@Q@ calibsatibnragy imgge enpalysisrethod

ol 1 crimprie e (5 BR0RsP 157 eR e o maasaltyaton

Thes diih{diveanhe %bgbfm%ﬁfé%r@]f ar%ba@ﬁﬁéxtéiﬂédké‘iposure éu) lighting
obj ectively assessed using a digital canera,

cont r glorredtian, {iltdoleyr caipdition and (isneblavs itragsfprmaatien from sRGB to
cal i br%nr t.echni es, .the range of colours can be

obj ect heiaede & WS Qvglﬁﬁ%?hPS?lsH@e?tH@ f§e calibrated image to
sat ur gl %@n@ﬂ%ﬂ@ﬁ 'aﬁm\ﬂ)qﬁéogr%h‘nutﬁéaé&@erﬁ@rﬁh GRARYS rov1d

a nmeans of reducing the |arge anount data CoRtalne

i Nt heobjactiegyassessmendrofithetflash icharactedstici of trad ot Tienimage

net hods can be pursued, Body tone can be detern ned,
an1(9, analysis may be extended to include body tone measurement.

Body tone measurement
In order to measure body tone, 3D histogram bins for the full range of
Hue, Saturation and Brightness values within a stone that were created in a
manner as described earlier in the specification, and the method for finding the
15 body tone region in an image that was described earlier in the specification, are
taken in consideration by the software to calculate the mean or average sRGB
values within this region, convert to HSB values and assign to one of the 3D |
histogram bins. The H, S and B value of the body tone can then be reported.
In summary, it may be appreciated from the above description of
20 preferred embodiments of the invention that:-
. High dynamic range imaging (exposure blending) is required to

cover the full range of brightnesses between different opals,



The apparatus can be further used to assess, grade and
evaluate 10 all genstones, including inorganic
genstones and ninerals, such as, or other than,

opals. It will be apparent to persons skilled in the
art that various nodifications my be made in details
ovodesn@sand construction of the apparat uspcBAGhodsHoo459
nmet hod steps of the nethods described above w t hout
departing fromthe 15 scope of gbit of the invention.
For exanple, a useful image captlire nmethodology is to
secure the genstone on a stationary stage (so as to
el i mnate anyapotential novenent probl ens of the

genst one) , * and heydiffesert brightnessegelan ppal can be ebjectivaheassessed

light source and c ra to enable i mage capture

sequences to slﬁspglaa‘i@% RSB required pitch, roll and

yaw novemeat s.urgef EdHOIEY fyhtih iABrd |

a plurality of digital ca@%glageoﬁgﬁ%%w??'gﬁ&d#fSﬁ?ﬁ?ﬂon
and all of thdechainuesdhersange akeolouragas be bbjebtivetjernsasuned by
si gul t aneousl y, Qé. i n SEquence,, at predeterm ned

an&l ar i ncr enBREYING ke Rve. satyration snd brightnesssyalups of garch colour,

2008/ 119125 PGL/ ARIAELQQAI thé thrgShAbd :o;éal’r?cgntg]ined in the

apparatus for assessment, ev Iuafblr%n an?ﬁg

genst ones,  cdmpgdss se@ral bitinageandpisuaidiition nietigRIFTaAME pursued,
may be supported, the stage being enclosed in a

housi ng t htat Body tasersgndgSletesmineghand,at | east one

I'i ght source cated in_the_hgusin nd adapted t

proj ect inci djﬁg aﬁﬁaﬁ{us&quetf egﬁé'ﬁ%q %r?ésf’essi’rg'fﬂ% a,narevaluate
rapating and fillgbine@nbd endiidEinSRyaAR dosREY ah§ Rrinerals, such
orientation of the genstone to the incident |ight, a

di gi tal caner @slocdhesthamop#le housi ng adj acent the or
each |ight,soyrce and, adapted to take i mages of the
genst one blﬁg@ ecﬁPpafeé‘F&’e‘%F{}?QSﬁ s&ﬁa& H}tﬁ?éftrﬂéﬁ?tvﬁfb?i‘sd?o‘i'ﬁf@t'ons
incid bel i n ' Falol- 1Y f :
cali bfﬁ.laatyi ng%edlng%%'ligf%ﬁiﬂ{bﬁg’ges, 8%@%&&]%?%@5' Shd in

i nf or methodrstegsr af des siethgd srdestsibed absvegrithonedeparting feum the

[ qgt ructi or% set. for colqur calibrating

scope of ambit of the invention. )
For example, a useful image capture methodology is to secure the
gemstone on a stationary stage (so as to eliminate any potential movement
problems of the gemstone), and systematically move the at least one light
source and camera to enable image capture sequences to simulate the
20  required pitch, roll and yaw movements.
Furthermore, the apparatus may include a plurality of digital cameras
and positioned lights, and all of the cameras may take images of the gemstone
simultaneously, or in sequence, at predetermined angular increments during

rotation of the stage.



the i mages and then anal ysing the col our calibrated

i mges by segnentation and histogram neasurenent. 2.
The apparatus of claim 1l wherein the stage is

rotatabl e around 360 and tiltable around 90 by
novenent of a gonioneter. 3. The apparatus of claiml
Wher@dsnidife stage includes a suction cup fobct/R0l08d0es9
the genstone tightly using suction from beneath the
genstone. 4. The apparatus of c24im 1l wherein the

i nformati on processing neans is programed with a
further instruction set for controlling the canera to
capt ur@LAIMsseri es of images at 10 angles for 00 to

3600 of rotation and at 100 angles for 90 to O of

tilt. p. The %?Ql%ﬁﬁtf&saé%@s%é}hr@\)almgﬁ gﬁ@%ﬂahﬁmg of gemstones,
|nstruct|ons Is software progranme

per sorAMREiSing @ Yage @onmichppemairne mey belsybperiediherstage being
the gesRidRg i a°‘h@tf§|r%°tﬁ!atls ﬁ’ﬁ&r@lgﬁ‘s tol IR St 195t AHE Ilghthsource

calibration and 1 mage analysis Is assessin

char adpested injthe hownq angsaflapiag tg@dtyeqt meaﬂlghh @ntersm gemstone,

7. A rpesnadof mauag SRS %ﬁiﬁ{ﬂhe SR dpdd @rvaame%aﬁkbm &fthe
gemst ones with an i nformati on

i ncl uogqq@st@qpetogm%ﬁgldgmt Ilg@bamf 4 oceSS| nt%d in the housmg adjacent
PCT/ A4RE Q%Q@ﬂi@ﬁ?s&ﬁce Ar) adeRteUb tAR! n'nEééH d)f‘me §emstone based on

plurality of innges enst one capt ur ed
di gi t defiectipg @adfoawéraftban ol peiden hantea%qnaqymanon processing

cal i briaésnd fbﬂ@ﬁﬁ&tlhg afid 8REIRY lh@nmégéi whérglirog e aiformation
measur enent . A nethod for assessnment. of

e flash
char acR’SF‘?%St”ﬂd%eaé‘P '%W°8?5‘§Tm% ghinsfrygtigp ﬁﬁigig’BFP'W calibrating
pr ocesthe igagesaing thérmanalydingghé beloait eisraftld:images by segmentation
capturi series of digital inmages of the opal at a
pl ural‘?r’t‘ﬁ"%f’ oraf 'BEFHEBHY1 es of rotation and tilt, (b)
capturing a pair of digital inages of the opal at
di ffereEnt &hpappdratusiof oain | wherahvindataye is rAagiablefaround 360° and

ext endﬁtabfe Atoth Cg%ggiysﬁ%cjvg%eg{ of%Gg%niometer.

3. The apparatus of claim 1 wherein the stage includes a suction cup for
holding the gemstone tightly using suction from beneath the gemstone.

4, The apparatus of ¢laim 1 wherein the information processing means is
programmed with a further instruction set for controlling the camera to capture
a series of images at 10° angles for 0° to 360° of rotation and at 10° angles for
90° to 0° of tilt.

5. The apparatus of claim 1 wherein the instruction set is software
programmed into a personal computer.

6. The apparatus of claim 1 wherein the gemstone is an opal, and the
image colour calibration and image analysis is for assessing the characteristics
of flash and body tone of the opal.

7. A method for assessment, evaluation and grading of gemstones with an
information processing means, including the steps of:-



val ues, (c) acquiring a pair of light field inmages of
the opal to correct the inage of extended range and
so provide a lighting corrected inage in the form of
devi ce- dependent RGB val ues, (d) converting the

devi ce- dependent RGB val ues of the lighting corrected
Iwadesh@idevi ce-i ndependent XYZ val ues usi NgcBAuSEsBHRSH
calibrated col our transformation matrix, (e)

converting the device-independeng XYZ val ues of the
lighting corrected inmage to sRGB val ues using a
stored standard transformation matrix, and so provide

a col our ca)i brcéfo@u?’céllﬁ?élﬂ? a(p‘mramap.h%%s Bfla Eemstdﬁabsﬁured by
i ndependent sRGB val ues o he col our ~ cali brated

i mge to provi d¢ '%Jt%ﬁﬁ'ﬁFr@sg'é(H col our calibrated inmage

using a st@ed dn@%mgﬂhé M2 calitPated irhagdd deathehiBon and
true col our of tf% opal , transform ng the device

i ndependent s RREISQAPTHJESEsY tcol our calibrated
i mage obtained in step (e) to HSB val ues using a

storedg.tr anﬁéflﬁd'ﬂaﬁol' 85538 EMD6f tHeHash IcBatakR8 sttsBRaK opal with an
correspondin e opal within the col our

cal i b P'@'ﬁ?ﬂpgrﬂé%eﬁﬁ’t‘%méas'l'??'%’@ot he §lePsRi-wi thin this
mask excl @i n&abﬁlﬁh@@%eﬁés &fl didifial infagks Wf thiopal 1@ dﬁﬂ'ﬁlﬁy of

all ocating the HSB v col our cali brated

image to a 3D H’f%’\f”@%?%‘ﬂ?%‘?#rgtaﬁ?'lﬁ'%ﬂ ity of bins of hue,
saturati On(b\}\D 2aptirind 8 bak oP@EﬁAHﬁé&h&/&@ﬁM&%I aﬁdlﬁ@ﬁdt exposure

bri ght ness, rei n_each bin cont e area
2 Slbset of 't ATE IR e AmSiRe olfrrad Tagy consiling & ReB
averagi ng the 3Bluesstograns for aII i mges to give a

Lone and riShe oganane §paka I il Faige el e o6t b comectine
image of extended range and so provide a lighting corrected
image in the form of device-dependent RGB values,

(d)  converting the device-dependent RGB values of the lighting
corrected image to device-independent XYZ values 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,

) compressing the device independent sRGB values of the colour
calibrated image to provide a compressed colour calibrated image
using a stored look-up table, so as to display the true colour of the
opal,

(g) transforming the device independent sRGB values of the colour
calibrated image obtained in step (e) to HSB values using a
stored transformation matrix,

(h)  creating a mask corresponding to the opal within the colour
calibrated image obtained in step (g) and within this mask
excluding regions of glint,

()] within the mask, allocating the HSB values in the colour calibrated
image to a 3D histogram of a plurality of bins of hue, saturation



(k) selecting those bins fromthe 3D histograns wth

high S and B values to give the average area of flash
over all viewing angles, (1) conbining all the S bins
to give a summary hi stogram of hue and bri ghtness and
conbining all the B bins to give a sunmary hi stogram

ofohswerdNd saturation, and, (n) averaging tHeraoosm004s9
hi stogranms of (i) over a subset of viewing angles and

repeating steps (k) and (1) to gjgve summary
directional histograns to display the directionality
of flash over these angle subsets. 9. A nethod for
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histograms to display the directionality of flash over these angle

subsets.

9. A method for assessment of the body tone characteristics of an opal with
an information processing means, including the steps of:-

(a)  capturing and calibrating images with 90° tilt angle at two or more
rotation angles, one of which is to be used as a master for
comparison with the athers.

(b) finding the region of interest within the master rotation image that
includes the stone and within this region excluding glint, and by
aligning the other rotation angle images with the master image,
excluding the non-opal regions of the master image which do not
alter with rotation,

(c)  within this opal mask, finding the body tone regions as being the
10% darkest regions of the opal, and

(d)  within these body tone regions, determining the average sRGB
values and converting them to HSB values and then allocating the
values to bins, each containing a subset of the range of the HSB

values.



