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AND ANALY®PJ1/6131§ (57) Abstract: The present invention coRpFUSEY08§Lt ens,
- appar atuses and nethods for neasuring,and analyzing gemcolor in a way
‘which reliably and consistently simul &t es visual col or anal ysi s
met hodol ogy. The preferred systenpﬁgﬁgg@é of the present invention "~
~conprises several aspects, includ of dayl ight .approximating =~
| anps (10), such as daylight approximating fluorescent tubes or hal ogen
| anp boosted with a fi It stteﬂ aREEa%tiuQ&taﬁd‘itﬁXﬁjh@for and a |light det ect or
whlch | i ght of aspemflc—gng ' - _

Diamond Color Measurement and Analysis

Field of the Invention
5 The present invention relates fo systems, apparatuses and methods for gem color
' measurement and analysis, and more particularly systems, apparatuses and methods for
measuring and analyzing the color of a diamond in a manmer that approximates visual
measurement and analysis methodology. =

. Background of the Inventlon ‘

10 Diamonds and other gemstones are often analyzed based upon the]r visual
appearance to the human eye. Indeed, a diamond's visual appearance to the human eye
under natural or dayhght—appromatmg light is a primary indicator of the quahty of the
‘diamond. Accordingly, becanse diamond quality is substantially based on human visual

_ perception, diamond analysis requires the exercise of judgment, the formation of opinions

15  and the ability to draw fine distinctions based on visual comparisons.

In practice, diamond quality analysis is oPﬁma]ly' performed by a team of trained
individuals who visually inspect a diamond for features such as inclusions and structural
flaws. This time-intensive process involves numerous inspections, measurements and

- . checks by each individual. The process also mvolves quality control and may include 2

20  variety of non-destructive tests to identify treatments, fillings or other defects that may

- affect the quality of a Specixhen Finally, the process inchudes intensive visual COMmMpPArison
of the diamond with a reference set of diamond rhaster stones that serve as a historical
standard with respect to diamond color and clarity.

The foundation of diamond analysns comprises analysis of the Four C's (color,

25 clarity, cut and carat weight), a method of analysis invented by the Gemological Tnstitute
of America (GIA). Two of the Four C's, color and clarity, are evaluated along a scale or

' coptinuum. In the case of colorless to light-yellow colored diamonds, an analysis is made

- along what is commonly referred to as the GIA D to Z scale. The GIA D to Z color scale,

. ranging from colotless to yellow, is an international standard which has been calibrated to
30 . GIA's master diamonds since its development.

As described above, the visual inspection process of diamond analysis is-subtle

time consuming and requires trained and experienced individuals. As a result, many

members of the jewelry and gem field have stated a need for an imstrument that can
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col or angolﬁb@ rd $hbto cell for a light detector, blue and yellow light filters, a static stone holder
: - and an iris diaphragm that passes Light through to the photo cell. According to the method
20  of the Shipley Colorireter, the instrument user ‘placed the diamond table down over a
diffuser plate so that the tungsten hght was transmitted first through the diamond and then
" through the iris diaphragm to the photocell. The instrument user then made sequentlal
" measurements of transmiitted light, first deploying the blue filter and then deploying the
‘yellow filter. According to the method of the invention, the mstrument user subsequently
25 ° compared the two transmission magmtudes detected by the photocell and looked up the
, " results i in a table orgamzed along the D to Z scale to determme the mdex of the dlamond'
color. -

A ~ Although the Sl:upley Colonmeter prowded a type of color standard for mauy‘ '.
. __years that standard did not preclsely correlate with historical visual analySIS standards for
30  several reasons. First, the geometric relatmnshlp between the dlamond, the light source
~ and the- ‘detector did not approx]mate that of visual diamond analysis. Second, the
* tungsten filament lamp, though of fair output stability, did not provide the type of dayhght
conditions which have been the standard for visual analysm of dlamonds and other
. gemstones. Third, the photocell detector did not register each individual frequency in the -
35 ”spectmm of visible light, like the human eye, but rather tracked the change n an overall
' spectrum magnitude resulting from the change i light filters. Thus, although the Shlpley |
Colorimeter provided a highly useful and innovative instrament for non-visual diamond
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' from the diamond. Additionally, Okazaki's use of a photomulhpher tube "and his
sequent:al measurement of frequency response within the spectral band of interest creates
an undesirable time delay in recording the transmission spectrum.
30 - ‘The 1990's bave seen several variations in diamond color analysis struments.

For example, the Awustron 'C_dlorimeter and the Gran Colorimeter disclosed the use of a .
photodiode as a light detector. Like their predecessors, the Austron and Gran
Colorimeters used, respectively, halogen and tuingsten lamps, and directed their
illumination into the crown of the diamond. These instraments also did not rotate the

35 - diamond during measurement. Additionally, the instruments relied on the colorimeter.
‘comparison method of sequential filtering and, in the case of the Gran Colorimeter,
compiled tristimulus color values. |
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and Ckuda instruments furthernore directed e tungste |& into the

crown facet $1appeep Hevelppsthblowever.dhddamap system ilpminatas thpyeh thig bl ofisnd into its
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t he paV|I|on side, as is the case wi.th visual dianond analysis. In the

1980' s, hpgtswewhar dpggnol Rproxigateyisyal Relor aplygs @é@@dwaaﬁﬂép%w& for
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to measyre a limted spectrumof light comng froma dianpond. The
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to provide aHR4pesY. lighsedRs emposition. iilyminatipmangics aad fisant ofAnstercosualy |
frequency owgilysds saskE Al ord fboRblaleMsBhR8 resthcaitttistbithl Redeadirscl osed a
met hod of There is further a need for a system and instrument with a stabilized output of
25  daylight-approximating light, which can compensate for electronic driff, and which can reduce
the hindering effects of light dispersion and direct reflection which occur when mechanically

simulating visual detection methodology. Existing devices are inadequate for these purposes.

Summary of the Invention

30 According to one aspect, the present invention provides a diamond color measurement
apparatus comprising: a daylight-approximating light source; a surface for accommodating a
diamond; a light detector positioned to detect light from said light source coming out at a

specific angle from the pavilion facets of a table-down diamond, when such a diamond is
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sequentially. changing frequencies within the spectral band of interest.
kazaki taught away from 25 directing light into the pavilion side of the
di anrond in the manner of visual analysis5(Col. 1,11.38-39) and did not
detect, either. directly or indirectly, a specific angle of |ight com ng
fromthe dianond. Additionally, Okazaki's use of a photonultiplier tube '
and . his  seqieidh@h b BAPHHEIE M Mloplilf HUENRhARRRONSE mMshitidlidhhe spectral
band of interest creates an undesirable tine delay in recording the
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needed is a sinple systemand instrunent which reliably and consistently

appr oxi mat ePréipEdembedimenticgwarisea pryPikaspecie iR diaE Bigyse ofdaylighi-angroximeting
exanpl epsdetgelsi QRh as daylight approximating fluorescent tubes, and a geometry which simulates the

results of visual analysis.

According to yet another aspect, the present invention provides a system for diamond
color measurement comprising: a surface for accommodating a diamond; a daylight-
approximating illumination source for illuminating a diamond when the diamond is

30  accommodated by said surface; a light detector positioned to detect light coming out at a
specific angle from the pavilion facets of a tabledown diamond when the diamond is
accommodated by said surface; and an optical measurement device for measuring light

detected by said light detector.
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anal ysi s netRIGHBESYFmen coppasing: p aerfasafn arsepmodetiggcrioed sswaiatiglspect s,

i ncl udi ng t hgpigitalhy it avinh Gt sorRP IRiiBhLE Heblded LMRRBomSbdHeddy stia ¥ireaht

approxi mating. fluorescent tubes, and a geonmetry which sinul ates the
a light detector positioned to detect light coming out at a’specific angle from the crown facets

25  of a colored gem when the gem is accommodated in the table-up position by said surface; a
diffuser positioned between said illumination source and said surface; and an optical
measurement device for measuring light detected by said light detector.

According to another aspect, the present invention provides a system for gem
fluorescence measurement comprising: a rotating surface for accommodating a gem; a light

30  source for illuminating a gem accommodated by said rotating surface; a detector positioned to
detect light from said light source coming out at a specific angle from the crown facets of a

colored gem accommodated in the table-up position by said surface; a diffuser positioned



results of visual analysis. According to yet another aspect, tHRedpfdsen?{i(4
i nvention provides a systemfor dianond col or neasurenent conprising:. a
surface for accommodati ng a di anond; a | i ght- approximating illumnation
source for illumnating a dianond when t di anond i s 30 accommodat ed by
said surface; a light detector positioned to detect |light comng out at a
specific angle fromthe pavilion facets of a tabl edown di anond when the

diamond is paGeaPROMLESHuRY asdiath @Hﬁ%@%pﬁea%eaﬂu&m dRce %mgﬁﬂgn%mdevi ce

for nmeasuring Iiﬁght _detected by said |light detector. 13 AUG 2004~

Accor di ng t §et&¢t idjighidetectorhe present invention provides a system for

di amond  col or NeREMERRBMhoCRAMRL R iarford WhiIAGE inf Rk ABSRIEMARL dyBEma
di anond; a daylight- approxi mati ngléglhl | um nation source ca e of

abl
i |1 uni nat i ndaearday Hres ol seBERiE deediishbypreeimating lightsewce t&aqlﬁwata@b%ct or
posi ti ongd taviA&t §8dofthedidmdnard K Mot vhthABRGS fidth céHigl Sutfof AphHiBom

pavilion facets of a table-down di anond accomodated by said surface; a
di ffuser pogidePbihediamped Haspectirangle) aidin articakinegypment dedceHichinesssed

accommodat eghdliphb@iddied By Rt RALoA M arfdilct EAbodIRGS WnRARMmAE MafiBer OF
measuring |ight detected by said |light detector. According to yet another

aspect, t he cprieseihe dapgahiojbsanglyzsd pekihe daviighitapprorigatipg lighbryrced ates

neasur enment 4eGRPilibs siddof He GMhdRIGRoh S 2 AFERIMHSIIh AT aAetf bAEANGEtectrdam! | ght
10 approximatin | um nation source illumnating a dianond acconnodat ed by

il
sai d sutfac @ptica?mpasme@é@@eﬁway&@mdii@ﬁléarqs@t gwemion inp grafered sobedigettect | y

from the pavidiig@hddRptommisea fitPbfiic HOWRREANDDY dRRe TP daf @doftitarsai d
surface; and an optical nmeasurement device for neasuri ng | i ght” detected by

sai d |ight deeBEFRRNt dSXICE 6PHPTRGS ¢ BPealirpbeiametsis feapthes pefeyse injepty 6t i on

provides a syssdneitrh&f cofibAR A %burthjAchRhiOin HPRRAUHATR the AT, isSdHME o dRkaSUr f ace
for acconmmodati ng a di anond; a dayli gt- agprom mating illum nation source

capabl e of PFICEIPIn et SREPACHTSHBIFES t epficphmeagyremens deiiqede iy a | i ght

det ect on5pOSistdrRNgrecb@nfRlRS borvhiithe MBR el dttind CIRciRQpitk! C angl e from
the pavilion facets of a tabl edown di anond when the dianond is

accommodat ed by <Ererdpe it nsiempodizert; the sistem ipelades fom gampt welarighti d

i 11 um nati oRpseKieEnARG: SRl Mt At dRPEviBsh SR dredlandld MRaSEHWREENt device
for nmeasuring |ight detected by said I;gght detector. According to yet

anot her aspé@iftes hpdiapprddiring ilkipirtion ishlr<gios and appticabinezspregienh dewiss or

nmeasur ement uﬁ@dﬂ?ﬁéaﬁh&h&h&:ﬁ%lﬁHété&éa%yftﬁﬁ'li@f:mﬁﬁhip%r@dQﬁ)ﬂiéﬁbﬁ‘gftﬁﬁm a
daylight- approximating illum nation source illumnating a colored gem

. g ill . . .
acc_ommagt e&“’ﬁ‘}d‘%’i‘tdt_hg Q?tfcé]d'é‘fasmém?‘}t Sﬁ‘tlced@taék‘f?so‘%ghbﬁglﬂ% ihég@ﬁc‘?r@a%l@(t"é l'i ght
com ng out JbmgFREAhE HiEmaRDl: @ shdc@Dahe rddt ¥ theeBlk S #e dRfoAd &RingiiRd gem
when the gemis accommodated in the table-up position by said surface; a

di f fuser po§P‘FF‘b‘?fé‘dm§E’trWéfé??%féli‘e(ﬁiW‘lndm nation source and said surface; and
an optical neasumeRitus eybREof 1R inUBASH el hatih nfi9bElotMdedds ssgrsle | | ght

detector. According to Ianqt her aspect, the_present_ invention Pr ovi des a
system for F&RFS orasasingle unit. For example, in the previously described embodiment, the light
25  source may form part of an integrated unit with the rotor or alternately be provided separately.
In ancother embodiment, the light detector and the optical measurement device may comprise
an integrated unit with the light source and the rotor. The integrated unit may further comprise
an optical analysis mechanism. Likewise, elements of the light detector may be part of the
same unit as the optical measurement device, as in the case of a diode-array
30  spectrophotometer, or may be provided separately.
In order to overcome difficulties associated with visﬁal analysis geometry, a preferred

embodiment of the invention includes at least one of several innovations {o increase system

stability and reliability. In a preferred embodiment, the system includes high frequency ballast



fl uorescence measurement conprising: a rotating surface for acgo

gem a light 30 source for illumnating a gem accommodat ed byqs%% Z@J‘?
rotating surface; a detector positioned to detect light fromsaid |ight
source comng out at a specific angle frggnthe crown facets of a colored
gem accomodated in the table-up position by said surface; a diffuser
positioned 13 AUG 2004 6a between said |ight source and said surface; an

opti cal neawsﬁ&qastaﬂﬁye tﬁ@dafyﬁght NEASK ‘daﬁﬁk ﬁghgéahcquk&ﬁ;eeﬂl BYih&Hreddqoht

detector In the case of non-f ancy-co ored di anond analysis, In one

embodi ment , cmhedimentt hasysiepdneleres 2 {ighteiffuyerjhshvesh rdighisourge and the gemstone

dayl i ght - apWh%'sEﬁEé 0 Geduk it hﬁ%ﬁ%ﬁf&c@@&fdisbérk&% Q&l&ﬁéct%&?ec@on@%é(dsled W‘thé' de of
t he di anond, a Ig ht detector which detect % com ng
Frepr

pavilion siking 051!1 upreation wes Havige! eolas gealysis &1 a@ﬁ efgmed earrboétmemeal
measur engnt y(eyises, Whkdebss H‘ﬁ%&ﬂ’tﬁéf sepdide lidtd Yech ﬁfegs%@nlextsm@n bt

detector. In another enbodi nent, a neasurenent chanbe encl oses the

di anond to sewsefirgistion of A gemsiencdaay| e daludse drcasrring (¢ this prqfw egpedipent,

i ITum nates théé}ﬁelﬁ@y %ﬁs@@a &Ed#%la%m& & dﬂl@tﬂiﬁ?ﬂaslatﬁé%ﬁﬂglcﬁ rﬁi)'gft(; Uik its Al t hough
a variety of ht detectors and 10 optical " measurenent devices nmay be used
in the pres éPﬁSl stetipy An anothep crpbasiraent. clgsigned dueveepme diffiaultics gssecigted with or
conpri ses a cfd:hsfic St b CorfRRlcR dRARARRL GHich B oflrREETHRF hAkal PR AyhdGeRRt | cal
nmeasurenent device conprises a spectrophotoneter. In another pref erred
enbodi mdft , made inglpdedm furt her conprises a fourth element: an optical

anal ysi s mechani HWocordE b ABiher GHoBimeRf, PPt inveRh pFRITREL GRHBBS Ur ement
data fromthe optical measurenent device to a 15 histori cal precedent

and/ or conv@palyzingibe eplerofip aprfanciteniered dipmord Emphsing the papsef: illupisatingiang t o
one enbodi Mgfifie-qdweaimyshl S| Qﬁﬂﬁl&@@%hfgﬁthﬁp 1%&1%5%9& ﬁght@mﬂ'@b}’hét&mlg the hght _
approximating |ight source that ill'um naF he pavi | i on side of di anond,
a rotor whi demthelight sarreetemiiebia@ Smﬂficwgglﬁ @omﬁh%@avrl@ﬁ facgts Pf@ﬁfila@é@‘bct or
and an qgti ¢absRaaEREA 1iFeWith 8n opMebiGhealRaRE Qénéehﬁlaiykﬂmhe%éaﬁﬁ-&ﬁ&tsby the
light detector. In a preferred variation of this 20 enbodinent, ‘the optical
measur ement Wiap eptigrbaalysismerhagis. whi ch t he detector has detected coming
from the di amond mkording REG bothePBAbRIMEH, éﬂsé ;sf@seﬁtqmteh@o fﬁall@esqu&ﬂa@ ofli anond
during the course of a single rotation of di anon he vari ous

el ements of 2aHeingfhesrloref aa?nsiﬂpﬁs@&orﬁbqhem@pd@wpsen@ﬁhewm ifgmatingraat e

pi eces or asab?edgwﬂgiaﬁmﬁmmha FidfsEa09h _gpprbﬁmstli}fg 1R EM6LRE Hetc iRk fRGH
enbodi nent, the ght 25 source nay Torm part an integrated unit with

the rotéf orthEd}gélbinw&F &l w‘&félltw&wgéféw@@ﬁaw@&@ gﬂglelrwgaﬁr@mﬁb%p%wwﬁ%m t he
l'i ght det eClyinoffdndaliRing Rlc deRbiedBAR %tﬁ%‘ﬁﬁucgﬁﬁéa%%eﬂaﬁ dEREP EAdSRialy AR the
integrated unit with thé |l ight source and the rotor. The |ntegrated uni t
may further RE3HBIREE Withpnoptisat galysismeghdnismechani sm Li kewi se, el enents of
the |ight detect gkafRY cRBoddbrts ShethiMereiafddBelil Bfaas%sttarﬂ‘ﬁn@ﬁﬁthﬁ@elnt {geasur enent
device, as in the case of a diode-array 30 spectrophotonete or may be
provi ded segat¥edhscolor Af ppemsione acciinec histoaral presedent; @nawaedua@rédhw th

vi sual apal m&ag&gﬁm the s@pwfgt&ﬁﬁa@ﬂgagemmewmdagﬁght Rsprdusigiigh, | ncl udes

at | east one of several IﬂﬂOV&tIOﬂS tO0 I Nncrease system
detecting the light coming from a specific angle from the gemstone, measuring the detected

light with an optical measurement device, analyzing the measurement data with an optical
analysis mechanism, and indicating the color of the gemstone according to historical
precedent.

30 In another embodiment, the method specifically applicable to diamond analysis, the
method comprises the steps of illuminating the pavilion side of a diamond with daylight-
approximating light, detecting the light that is coming out of the pavilion side of a table-down

diamond at a specific angle relative to the table of the diamond, measuring the detected light



stability and reliability. In a preferred enbodi nent, the systeﬁiﬁnd\ﬁ&%ﬁﬂﬂ#
hi gh frequency ballast 13 AUG 2004 6b in order to stabilize the

dayl i ght -approxi mating |ight source. Likew se, in another preferred

enbodi ment, the systemincludes a |ight dcfuser between the |ight source
and the genstone which serves to reduce the hindering effects of

di spersion and direct reflections caused by the kind of illum nation used
in visual CcQ}iffan3d a%%ba%nreh@xﬂ@@@&%ﬁ Bt %E&%&E@Q&n@ﬁﬂ& agafhsthiflGEARNI SM 10
process a plurali separate |ight spectrum neasurenents taken over the
course of r @fe&tfdeah}/rwoaiwfgféw@fiwt Fbﬁweti@ducmpwwe stepscad PHFiRg 2 digmopd en a
preferred ephediRph, iluhBSuignad ﬁa@ltféﬁ@iﬁé SRS didmbiRf With &y Akt ApprbiiRaling

optionally has a stabil i zation ring to ensure its con5|stent rotation. In

anot her embadightniofating the seterdaifors, dsiestingghelight fhei is aoming sutof Sseratienssidyd afh

el ectronsc gkd didmond af:@{p@aﬁ& ax%@arreﬁfﬁé( tb tﬁeqﬁyéﬁhymalﬁ&dwnm%@ﬁ Snc@bdrine"
statically or dynanlcal be included. According to another

enbodi ment , thafistegled g v ﬁoemqabﬁeaﬁ%waé@wae Jng pprdyringithe measigmendatehe col or
of a non-fancy-colgs steth SR ML LGRABRE, Sk B b6t FHRRSaRle ehbdditiidiedhi Ng a

t abl e-down dianmond with a diffuse day |I€ht approxi mating |1 ght source;
det ecting t Acrgapeihe case pyhiek wdjvidypls mey gbtaia se@rwhﬁlyd@tab@tge@%wfm c angle

fromthe pavhdii@Ditfiaastner ect &%@éﬁﬂa@@mbaoﬁmgﬁ@%%ﬂa&né e afflmesed |ight
with an optlca measur enent devi ce; analyzing the neasurenents wth_ an

opti cal Qna|a§ﬁ§91§teﬁh§éhﬁwuaeﬁhcat%wwa%gmthc?lagétm%tﬁfdp Rateckaniselnakdis systepet
present i nvVeNirofer cn,ﬁéaw,fdﬁesexampi%wa@hlﬁéms @%ﬂ@e arwabléﬂa%d FPLOE sﬁtenﬁfm gem
non- f ancy- col ored_ di anond rising the st | um nating a

t abl edown dicalRbFalywE tlhlsamaherp gt 0&&9@1{@11&1& WW%@ rngceﬁlsgwogemfb@ct

detecting | irgfibtidd REh@Bert Bord dhilidis. source at a plurality of angles within a
specific angle range fromthe pavilion facets a dianmond;, measuring the

detected |ight wiAsHorthe Bpfhodsaf hewasutionnis an gBigrtos the ARENtOTP Piovidg at he
measur eABNt SneMoli 3t &lorARAILGSberBRAILYHySnARARAN AL EXRARl S 1 ARRL & dBBicdce
generally relate to the use of a systemand instrunent to analyze the
col or of a deswaney hisedpdienghied ohihs inyertiogto predenetheds whichneenigisbdi ment
the 25 net hogvigRsRyiiSREe bRl BRSnHS rexbéﬂéﬁaenﬁgérﬁtgo@f g RIFBEIPNE Wi th
dayl i ght -approximating |ight, detecting the light comng froma specific
angle fromthe genstone, neasuring the detected I|ight with an opti cal
nmeasur enment devi ce, anal yzing the neasurenent data with an opti cal

anal ysis mechanism and indicating the color of the genstone according to
hi storical precedent. 30 In another enbodi nent, the nethod specifically
applicable to dianond anal ysis, the nethod conprises the steps of
illumnating the pavilion side of a dianond with daylight- approximting
light, detecting the light that is comng out of the pavilion side of a
tabl e-down dianond at a specific angle relative to the table of the

di anond, neasuring the detected |ight 13 AU G 2004 6¢




"«Wlth an o%tlcal neasur enent devi ce and corrparl ng the ms\asurllel’:)ﬁag}fu@azgmr
agai nst hV& Y38 precedent. In another "enbodi nent, the RETHSU/SHhr i ses

the steps of placing a dianond on a gtor platform illumnating the

"pavilion side of the dianpond with dayl i‘ght - apprOX| mating i ght . rotating

the roto cting th h ut the aV|I|on
si'de of e bl SRR S dulonBred Sty &nilrh R hE % RimeLity S

di anond dgttiodglogpt ati on, neasuring ‘the detected. Ilght with an optlcal _
measur enent devi ce and anal yzi ng the nmeasurenent data.. As for systens and.
Jinstruments it is one obj ect of the exanple enbodi ments to increase the

ease by. 4 on @ EiedDiagAngsht ai n subst anti al | y reliable genstone col or

gn?} ysi Ist It Réfe?aﬁbheﬁ?ﬁ%ﬁﬁttﬁ%ﬁéﬁeee&ﬁim%&m@g&wﬁg&t I%vhsal iﬂ%%féﬂ&@‘dt hte

difficulti associ at ed Wi e ap ation of visua ysSi.s geonetry

o b achletie SRARHEE coloy Shii: FYStant aug, SIHOMeRs fH Bt SRUoWR BN

enbf)dl meThs ngsmm@tmﬁtﬁbh@tfmﬂdwmeh lfcﬂhivﬁl a&)&ﬁfeﬁg&d R'boeBrelE dhBtrative

anay5|s ot t of t e e i, ents to r.e

di sper si ON nggtcf‘n?éldte&%?g#t ?%Reaﬁﬁﬁ%"eg‘@ Fg? r}g} ﬂggg%‘f'm‘f "he

met hods of. t hBig h\d@ptctml,lghttboxsﬂach mb]lwutam‘d aviethead bg ﬂaylnght{appmmamig a 15

nmet hod Oﬁu&%é&ﬁtﬂﬂ@smgﬁ ﬁ%ﬁﬁé@g P sH % viduals with little technical -
|"oQy.

training or experience further object of the
i nvelfti on to Bigodi thevwseam emsawqarérww oimhghtmmmg st optig cableiaftd e

t echni Caém%llgﬁb@'e&ﬂ)daim&i‘tﬂﬁ’fﬂhé rEseh HERAROP Wikt Me'@bleAdtattdd a\kh Ciné,ﬁo
01/ 61316

_ / US01/ 03869 d]@f nS| tently ohtain sem -autonated

anal yses belWedH #R Guf GPpoXimpte 13<‘Si’r"'i’a‘f relat‘FPe‘PﬁgﬂEﬂb&ﬁf the t Bblie@own
‘ DfescL i p; diemond vtrlkm meaﬂeaﬂ@ﬁh dagfaemmedmsd mxmermmngq:lafchm Ef'.l'ldﬁiliﬂiﬁﬂg on
of the dr Lch are inte trate genst one col or '
anal yS| lg&%%&dﬁys?n%?% rtﬂ,[n% gg,%t é%l 0sed herein. The draw ngs
and Idet ai | ed Elgsémhpwsenm@lﬁmspwﬁwwe»ﬂammphﬁeﬂ dzmbdihlnnnirdqne present
il lustr %Wﬁxon%ﬁ’er@fn%@ﬂimﬂdﬁhqﬁg%héﬁd, taBldddie oﬁca%ﬁ)rﬁ)flatgox WHEREh 1 g as

set forth in_ the appended epicts a
i 11 uni nalioly 1} rﬁhmipsa%wgﬂwwebaw r{’gdlfﬁlﬁﬁro?eag@‘@tit ¢ lighis squmegh

_ frequenc@ﬁobﬁidvagtaname&b@uﬂa_ 10 Fig. 2 shows an angl e perspective view of
~a light sensi i c_cahl e of .si I.'fie errbodlrrent of, the
present invent®ort \%ﬁ %eé e@&ﬁﬁ'&“ﬁg g‘ﬂ BYIrIOg. CREmber Ay and

“appraski ndiffaksr. forty-fi ve degrees rel atlve to t he table of t he tabl e- down'

Totating - pl oo eaua P JERHENE ?h%&n?%ﬁ@ﬂ’e@%&%?%ﬁ%? ik

15 Fig. & SeonEendienarbetsine fibhge epiic calie dwoortaiied jim teaﬁnaortimsmmmbf t he
present pdspidietiap Bn Wagle®eRvddnefth AP AShrbanesy Tdr%ﬂﬁ% d%@%s%m%e Rflo

r ot or plaltform wherein the rotor platformi’s erncl osed by a nmeasuring _
chanber . PRt user separates the |ight source (not shown) and the dianond

25 Fig. 6 shows the embodiment of Fig. 5- mth the measuring chamber in the fu]ly
deployed position.

Fig. 7 shows an angle perspectwe view of an alternate embodlment of the
invention wherein the invention comprises a swingle arm having a dark reference that
enables a dark reading as part of a calibration procedure

30 Fig. 8 shows a top angle perspective view of the altemate embochment of Fig. 7
where the swingle arm is in the nearly closed posﬂ:ton

F1g 9 shows a composite view of an embodiment of the present invention with a
correct- for-drift feafure comprising a second fiber optic cable directed at an angle
between zero and approximately forty-five degrees into a reference material measurement

35  chamber and reference platform made of the same material and having the same diffuser
as the measurement chamber and rotor platform.



-:lFI g 4 shows -t he enbodi rrent of Fig. 3 without the measuri ng cﬁaabéuﬁr%ﬂng

.20, diffusaords. 5 shows an angl e perspective view of a @@Woiﬁ%sg

int egrated unit enbodinent of the invention wherein a fiber optic cable is
contained in a light sensor housing an® positioned at an angle between

- zero and appr oxi mately forty-five degrees above the rotor platform 25 -
Fig. 6 shows Fie 18#Bous aeintegated gewf the sYstetIh@fmumsemgnmﬁﬁQﬂcluainghe

Lt e nat Cohg 102s ek @ it AngrAniBAS ﬁ%er el nc}?ln%£l§ REGks Vg&%‘n’bﬁo\c’szvﬁ%h 2’3@ a

. alternate enbodi nent of the inventio I NVETt 1
‘swingle HOoM®avi ng a dark reference that enables a dark reading as part of

“a calibrati onFiz,r qqedhﬁv@ an Efd ersPeSiRicd b?%naﬁﬂ{aﬁﬁat%eeﬁﬂ&ﬁﬂeﬁf of Y Of

the?ternatee Od”tg where the swn armis I n the nearly
cl osed pBYFRHBLWIER %mf dBﬁBBstftféSWétt%#e woitepd dhemositiost ofi the

]E)r Esent lightaletecton relative ta theplatfont (ndtehoeﬁ)tstadﬁ:eeuuryeaﬁm £G9eb fond

i ber optic ¢ r F OX e
forty-five d f’t?eZ% o i e o H ot PR 3T ol iR i o

r ef er enceady & If“@@m made of the sane material and having the same di ffuser
as the measurenent chanber and rotor platform 13 AUG 2004 WO 01/ 61316

PCT/ USOl‘ 03368 8 Fjg 10 shows an integrated view of the system of the
present uding - the light box, measurenent instrunent,
-optilgal neasure ot \bne mKtEReRY OF ows - an
~angl e pe(ﬁlﬁtgectlivng V|0ew okg&r} al eerna ﬁ%&%%&%%&}ﬂ%%@e& '\?iv’%?ﬁ?%nn%
wher ei n Sed Jor e e ! PH@@F&P@@WW at lgadt onp daplégitt i on
of the . dppgiximdting tngs lﬁetlaeh{sgowsbstmgﬁﬂ ﬁ&ﬁﬂlﬂﬁ%tmmf&%ﬁﬁ ?&ﬁéﬁd b>1’1\
- a positi S i nstrument of, Fig J
placed w {h gcﬁs &ﬁgﬁ%’t ‘g%(%r E@ Bttb %E%th &O‘B@%éﬁ‘ Povtionedln o g, |
shows onlighé hes Bohend pI@Iquga rqverhead hﬁummhemfm‘ a tgemsres@ot shawéoreAn@B
- di sglsoseghifiarhes! | t ri ses. at Ieast
“one dayl | ht - a??g:tgﬁ{xeneﬁenﬁ%tﬂyxsoﬁh row%graéé Pga??? ggfﬂ“i@“é‘l@
“‘that us SPULG P dynep oeﬁmsp@smedhﬂmmbod:mt dhowgn i Fighils the
- embodi meduylight Xk b Lis! B dBARME-bHNE 8 tbﬁét |des
over head I%lfjmt@rlt}at [ ontt;%r a J‘Semst ?ﬂlé{é‘ gé} 3%)&@5%%%? ne pz\%eﬂ%?hl n
Tight bRIOTTRRELYSIS, Fpe reriig %Zoél‘el%spa@re@agoﬁ\dmﬂa. ni ng
a | i ghtF293U26% Hmdve&endloﬁmdaknps witthe fcolpe tehpératurd eftbeeveﬁbsstionﬁat ss*dtp\m in
- Figgpl, a i a X
1 0P esden™ ﬂt,%“%%%tﬁ?ﬁ‘%t?%d%%& BReebii) St 1645 3BR) Be bete
. ..emp loyed. © The light box has the approximate length of the preferred dayhght—
approximating ﬂuorescent lamp The interior 22 of the light box 20 preferably has either
Whlte or light gray walls.

According to another aspect of the mvent:on, the system nove]ly creates
25 '111ummat:lon by modifying a halogen light source having a high color temperature, -
preferably above 4000 Kelvin, and a filter that boosts the color temperature to dayhght
eqmvalence preferably between 5,500 to 6,500 Kelvin. According to this aspect of
invention, the illumination source may comprise a halogen lamp, preferably with a
stabilized power supply, and boosted by a daylight correction filter such as a Schott filter
30 BG26/2mm to approxrmate dayhght conditions.
Fig. 2 shows a s1mp1e embodiment of the measurement mstrument of the present
’mventon along with the hght source and light box of Fig. 1. Aceordmg to this simplified
embod:ment of the measurement mstrument, a hght detector comprising fiber optic cable
30 1 d:lrected, at an. angle of between Zero and approxm:\ately forty-five degrees at the
35  pavilion facets of 2 diamond 40 whleh is positioned table-down on a rotor platform 50.
The rotor platform 50 is in turn connected by  stabilizer colurmn 60 to rotor 70. The Totor
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) - source (not shown) and the diamond. As in the embodiment- shown in Fig. 2, the diffuser
130 is preferably made of a thin white Teflon® material which diffuses the hght
transmitied from above the diamond. According to a preferred embodiment, the
30  measurement chamber 110 and rotor platform 30 are made of a reflective material, more
preferably a diffuse, reflective material, and ‘most preferably a dlffuse white reﬂectve
material such as polyteh‘aﬂuorethylene (PTFE) Other materials such as barium sulphate
or Spectralon® may be used provided they ‘have minimal spec1ﬁc absorption in the visible
and near UV spectrum. In a preferred erabodiment, the material also does not fluoresce to
35  ultra-violet radiation. In the embodiment shown in Fig. 3, the diffuser 130 is connected to
the top of the measurement chamber 110 so that it at Jeast partially seals the top of the
measurement chamber. As shown in Fig. 3, the measurement chamber is preferably a
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Ina preferred embodzment of the measurement mstrument pornon of the mvention,
shown n Flcr 5, fiber opttc cable 30 rotor 70, the Totor platform 50 and the measurement
chamber 110 are all mtegrated on a base 140. Thus, the rotor, rotor platform and light

30 detector are part of an mtegrated unit that maintains the proper geomeinoal relatlonshps
eonformmg io Wsual color- analysm methodology. As shown in Fig. 5, the rotor platfoxm
50 may form a unit with cylmder 150 which stablhzes the rotation of the rotor platform
'Ihe fiber optic cable 30 (not shown) is preferably contamed in light detector housing 160
such that the deteotmg end of the diamond cable i is positioned at an angle between 2610
35 and apprommately forty-five degrees above where a table would rest on the rotor platform
50. The light deteotor housing 160 may have a collimator (not shown) and a light condult
170 to ensure ‘rhe correct angle of hght coming from the gem is detected. An optxonal
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during the course of a single rotation.
According to the préferred- embodlment, the hght detector detects hght coming
from a specific angle from the diamond at an identifiable distance relative to the center of
a table-down diamond. For mon-fancy-colored diamonds that distance is preferably
30 between 10 mm to 50 mm from the center of a table-down diamond. If a co]hmaior or
other detection-narrowing device is used, the preferred distance from the diamond will
increase as the field of detection naitows. Likewise, within the preferred ranges, the
distance may also increase W1th the narrowing of the fiber diameter. Similar ad_]usnnents
within the preferred ranges may be made, for example, to ad_}ust for the particular height
35 selected for the rotor platform or ad_]ust for diamond size and posmon. Minor adjustments
may optionally be made to adjust to changes in the diameters of the measurement chamber

and the platform or changes in the distance of the diffuser from the gemstone. Although
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dependmg on whether the - motion of the posmonmg ‘bar 250 is clock:mse or
counterclockmse In the embodiment shown in Fig. 5, the armature 210 rests across the
/ _w1c1th of the sma]l wheel 240. By moving the wheels 230 and 240 usmg the clockw:se
{ .30 | “circular motlon of the posmonmg bar 250, the armature 210 and measuring chamber 110
will gradually and steadlly be lowered jnto the deployed position as shown in Fig. 6.
Conversely, the armature 210 may be raised into the non-deployed posmon by 2 counter-
circular motion of posmonmg bar 250 as shown in Fig. 5.
Accordmg to the embodunent of Fig. 5 the posmonmg bar's movement is
35 ° restrained ’oy a slotted track (not shown) located ina couphng piece 260 which couples the
two wheels 230 and 240. The posmonmg bar 250 is rotated through the track (not shown)
untrl the pos1t10mng bar reaches stop 270, at Whlch point the moveable measuring
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diffuser 130 may snnply cover thc measurement chamber without the need for an armature
head. Moreover, although Fig. 7 discloses a moveable measurement chamber, in an
alternate embodzment, the measurement chamber is statlonary and the- hght detector 1s
moveable to permit placement and removal of the gemstone. ‘

30 In another embodiment of the present invention, shown in Fig.'g, the system
includes a correct-for-drift feature comprising a second light detector firther comprising 2
fiber optic cable 400, directed at an angle between zero and approximately forty-five
degrees at reference material measurement chamber 430 and a reference platform (not
shown). The reference chamber 430 and reference platform (not shown) are made of the

35 . same material and preferably use the’same type of diffuser as the pnmary measuring
chamber and rotor platform. The second hght detector comprising fiber optic ¢ cable 400 is
pomtoned at the same angle with respect to the reference platform as the first light
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50. The r or drlft,eature may _elther stati 'y
provide. 8@&5 ﬁgh Aptsgior fogsipg along with' the fiber optic cable. Altemately, the light

25 detector may comprise a spectrophotometer Wlﬂl a colhmator lens Wh.‘lch detects light
duectly rather than through a fiber optic. cable. : : &
Aocordmg to the embodlment shown in F1g 10, the ophcal measuremerit devme
600 promdes measurement data to the optlcal analyzer, data processor 700, Whmh in turn
compares the -measurement data against Instoncal precedent and/or converts the
30 - measurement data inito standard CIE color space. The data processor 700 may also assign
the gemstone a color grade that accords with historical precedent or simply 1dent1fy the
gemstone The results of the data processor's analysis may be optionally msplayed on
monitor 800, prmted outon a p:cmter or electronically stored. The measurement data itself
may be graphically dzsplayed in addmon to, or in place of, the gemstone color assessment.
35 Accordmg to a preferred embodlment, shown in Fig. 11, height adjuslment, angle
a(.’gustment, and dlstance ad_]ushnent for the light detector relative to the surface for
accommodatmg the gem is achieved through a posmonmg assembly 900 which is
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| s/ WO Olép@ééjv@hdéhght is detected by a hght detector through an opemng in-the measurement
chamber 110. The light detector transmits the illumination response of the gemstone to an

optical measurement device 600 which in tam prowdes measurement data fo a data

30 - processor 700. The data processor provides a final color assessment by averaging
measurements taken durmg a three-hundred and sucty degree rotation of the gemstone.

This rotational aspect of the invention improves repeatability of the result, pa:heularly for
poorly cut diamonds.

According to one aspect of the mventlon _the processor may average each

35 - measurement giving each one equal we1ght or, aItemately provide a weighted average.
For example, the processor can provide a welghted average correspondmg to the visual
analysis positions used for visual analysis of fancy-shaped diamonds. For all gems, the



3 AUG 2004 __ PCT/ US01/03869 nounted on base 140. Fig. 11 shodasAddG 2004

i nt egr at eveeEEBIENENt i nstrunment in which fiber optic catilcq‘,gg% l|0§36§ecured
to positioning assenbly 900 by-virtue of angle adjust 910. f11ovvn in -
Fig. 11, angle adjust 910 is rotationalléy connected to the d| stance adj ust
930 mhlch inturn is moveabl e through the body 940 of positioning assenbly
900 to f@EPIePsostiBal they G%Yﬁétntheoﬂataﬁe GIEtCahIeSpatetalnd/oh'lc@hipa&eﬂﬁCtl@cﬁ 00 -t-he

‘surface ﬂm@mmﬂ in S 0 rmts
* vertical- rmc\}/e g ?ﬁﬁ Mtt%(gfhwg to aC| i talﬂié Ou% O%E'hﬁ@cl? 5?tg
adj ust rrer‘fmelM?ﬁ y 9, oj IFPERIYS mﬂlde@ a@frmacmmahsnressfuﬂ ﬂm
adj ust ablsest mniﬂﬂﬂmaeoumaﬁwlemhs bftEer |
- depl o ed S?sne&t% a{a appr oxi mati.ng |ﬁeugﬁ1ﬁpogttb?%¥&ﬁ Al't er nat efly, g{‘jahljdlflmmht
det ec or rrﬁﬂ/ %&F nently fixed on 10 the integrated neasurenent deV| ce
at a pr gper angl far aﬂ‘m‘@l’mlsamlcoitcehﬁﬂ,?ae rdﬂﬁm‘ad ;gﬁth%@rédtéﬁt m’*}bﬁtfoﬁfi@?referabl
acconmo g.f he ef erred e n source
Citself ?Ié)alrdﬁs(}f 4 an | nt{]é%)ﬁ{’mﬂmuﬂ?'t 4\,\}1}1@:@%& n@éé‘Sr%fn@ i Wéebenent
to.nmake &J&ualent @@tﬁ@l waprbly fimediminghindadingredfeor eﬁ’dﬂtctdﬁght(}eﬂec'ﬂbﬁs and
I nt egr at bstoam: E’F&ﬁ é%%]?g { redu 5| ze
SO a :ﬁ; rend%ﬂl%g??ggfg b ?%éo&@n é;ﬁa%lrtg? g’rsl‘“gﬁ
the f(ﬁ YRWiste GP%*H‘EWEBI’J Abapberemd the retoyplatfbrm sare@mf@nblyn
|i'ght bomade oflmﬁhsa;\nwme ﬂaﬂ@ct&'iﬂégﬂht@ﬁﬂlts&ﬁ S IHFE Zlthofs gﬁbzf}flﬁ mhﬁﬂgigg e“ds
0

fromthegfl t bo ng 20, and rotates rot
“shown). b§ %%i‘ll]g g %&'@H tﬁ"rng? esppPlﬁérabé@TPhoghn tbox
housi ng 2Bible Maeam&mble Uﬁe;peetmw efRYotori oTshé WiRRkoN preferably' otpfiseLREN ng

'-'ﬁl?ﬂdir”?eléﬁﬁ%@‘?ﬂemﬁ?%i IR g ”Str@@tw%ﬁ”@ém%“e cRRd

. nmeash enBiest PW&I‘FUHEQWDPII%E Iaummuomdpﬂyambmmsuolsaé hwhyhroﬁbaiwlﬂawﬂﬁ(bl nin
| i ght bogorgﬁuoﬁgsd NfRor.t he il um-nation source and neasurenment instrunent.

nmay conpri se rated unit. Turning to exenplary nethods of the
i'nvention, P%ﬁ%%ﬂﬁe vy, pag @bjest ofrilath Bryenon, 28 @ prafemeti dbodimehi dhel,

"t abl e- doiuw mm bey Bokigh Réqichey rBahes
- approxi ”Hﬁmg&el.l ht sog?c a d@'*o tetdbd E?%bﬂ%hﬁﬁr%geﬁﬁggadé@nd Slf)]('?%/
degr ees (% x%ﬂp P |1Pr8v’| Fgteater ﬁgl light gintensighande cader or
thrdigh distmbpten ngdlunpromthemhubmtgeof thee I&&tﬁh&émbﬁﬂdatlheh' 4 GikYst PRIBGLDT
transmt ong to an t
' measurerr%%émalen\%ll1 cgﬂ%wﬂ \M%@ 3%&%% parso{g/l%l-o%gl agﬁ q@?(j%@l Ohamiht a 30
- pr ocessof -9tz and ‘a%t@f?ﬁ?@bb’s%ﬁﬁqmypﬂ@{@rammdy36;6]06rﬂzassessrrent by

averaging neas Lﬂiﬁll@d&ﬂshérélh,;@héj WiveRbofR ﬂagrﬁ@eﬁl" rﬁﬁ(f@lﬂa@iﬁdmse'r | :
rotation-of his rotational ect o el n EDrﬁi)roves
r epeat ab ?fglg@ﬁ rlleFE‘lfPa"hPﬂl@é ctastion mechanisti oﬁrthndsystem

Acc@5di nappraximates azsqml:bolof aﬂalllﬁm fiethiddblgy usbE fdt RHeIGRE, KB Yo w%ﬁ&&@gém‘ééc h
.35 rreasg‘g 165805 agln\é %g&g ? equal wei ght 5\& al t gr nat el y Provi
“wei'ght ed”aver age. rVexanpre aﬂgﬁé 1T 01188 BRAuSe e wsteghrEdbe
~aver age rresent fpyendem gakes tl$aeof/daijl®ht-approx1matmg ll,,ht, the system achievés results
a more: closely correlated with visual color analysis. L1kew15e because the optlcal :
7 measurement device may make multiple measurements for a smole rotation of the gem,
30 for example using a fast spec1:r0photome1nc measurement device, the instrument results in
' N extremely fast and reproducﬂ)le color analysis. Finally, certain features of the mventton, _
* such as the diffuser, overcome substantlal difficulties assoc1ated w1th apprommatmg visual
gem analysis methodology |
' The inventions and concepts prevmusly described may also be employed with
o 35" ‘modification to the’ analysm of fancy-colored diamonds and other colored gemstones, In a
novel system employmg these concepts to analyze fancy-colored diamonds and other.
colored gemstones the detector of the mventlon preferably detects light coming from the -



sanal ysi d f | | fof h d“g(ﬁa%'!ﬁszo[%
canalysts BeR gl Used o1 visual analysis of fancy:s 16 BrHESeMtsctay

then convert the data to CIE col or spage and/or conpare the data to'
“historical precedent. Although measurenents over the course of multiple

- rot at | oNgrflide T ThEHRMAS educe
mechani cal st Fdes obﬁ t he t%e&ﬁb%nnggto?ggw n%@mw % gp%%ﬁggcﬁ%ﬁge gem
stone ar &g ﬁ@dg%ﬂw gitdhle-e H@Y’QYQTOPPCO@IP& fwspre&r@qdeemb@ﬂ]m&st, flhe as

mat eri al ﬂﬁm ﬁﬁ_ e
or ef er ab clcior Sy %%%Eéﬁtuﬂ%e ﬂ‘ncf@@lo?éde(ﬁ%ﬁbnd 8y ﬂ&feﬁ%ehétone at

| | f t tel P& et |
t hi ck) OPY eglg‘? ?‘%ﬁh” EFWBﬁﬁee %F‘f% O‘&"é\*g";x' the ngdﬁw:c% ‘Feﬂrﬁi%ierl ng
) ﬁf feck ofanges preferbblytetwedn mométﬂycﬁo ahids PR rdepreds Béij hieva RS el @dmddbipler abl y
. has mi ni absar Vi Sj ectru .
Li kewi se%h%eb%\%a%ﬂf’ (Se}"irlr)\%\lnpf §1 aAnfgaJ?gng ?@@3} EF’lﬁ%r f‘ﬁg&?é"% g%? y
made of &cagmpfished bmwg‘é:ﬁubmmm@m@tmmsm anlltEﬁIEE,eteaiorﬂmﬂm@ abarl um
sul phat'eygde apPBCA; t@t&n%&/o uﬂ%%?ﬁ&f&mt&e oftth g@fn %{}/‘%
| Sl spe

specific ahsorption in t near. Vi Sl ‘ée r ot or

of the i AVaRg Aefctte Erthﬁldyteéts%rof Seplugality of anglee withith arspesifié @ngleataage ng.

the pgem bivued glylehfiAR, Tondr@ehtingn i 5de @,&%%e‘, ly
conprises_ a coa%l nu%ﬁrs dut o %r&ﬁtﬁw%gﬁc%%gﬂ?%éS VQ Bﬂb
~cont i nuof¥Hy gt SPaPlety ar‘ﬁ?&o %@ hadfment, i, dhg goEnef & in a

“preferr esinmiﬂambmnhteptmm dor & notetihg gﬁnklﬁ%ﬂ:& da:teﬁtfbrfdi- @Qté@t&@s’pﬁ%?érﬂﬂ? tdeieBt

orovi do. mpumtlbsiier Bl BRIBE R B rated BR R bon R o e BB anc
i nprove sydemafyirthen gorpprisesen ﬁem@mﬂed’ahght $owree wihith ﬁhmﬁmttwdle

enbopl_cg rreatomtmgftg@ é,ﬁgggmegq‘}aé,ast has a frequency .of approxi mately
30,000 and 7 I—é most préferably: a fregsuency of approxi mately

35,000 Hz. As CP'G?@ aF SYEERS, RETumen gad grethads deve rhgen adhsaribedgder over
- prior sysiessing aBfRaslgtus ehe o618r @h@@ﬁﬁtonE'ﬁ%ﬁHbE Fﬁé&éﬁ tbflﬁoée'd&*ﬂrdjﬂﬁlyec'“o”

vsed T or Tl e et s G RRRERS A lir i ensts Shnedr om0

anal ysi sﬁ'bmsﬂnbtwmtwdeawpw of like aneativte Royﬁmnpbf gbﬂnetonw grzediten ﬁg@ny on ,
mak us eves, resul
' rmrgﬁ)cl o?lel eg%%”rtéeﬁﬁ VI s%%gs}lsjw of ahﬂﬁe@é?ﬁ efi%vm 047 B gl the
opti cal ﬂfﬁéé@ FOakYEn edﬂwré@em c@hk@mﬂmr%c@cqwgw@nm dlaﬁ]mndaarsmth@ e
rot at i ong@hstékechygadhy a0 ufttviclétmgtt Rotith PAhE fhﬁﬁd‘a [ B{b%aé@irg d§o%rce
tr errelag ast

measur ene evi ce, trunent results ex
r epr oducs) & OFGHIF © %ﬂ?gf%/‘%ﬁné HQFesaERye: at trviflehs fwridbsr apparent thatvesrainon,
such as fehimreti 6f B&Gh’ ﬁmbuﬁmmmmﬂ&iﬂmmlcaﬂl 41&d %Tﬁeasm%cﬁﬁlﬁhﬁcﬁﬂwﬁht h
| 28%%2{ Beieh Yoo il Mo GO AR e Move
descnptlon should be construed as 111ustrat1ve and not in a limiting sense, and the scope of
the mventlon 18 deﬁned by the followmg claims,

i



35 nodification to the analysis of fancy-col ored di anonds an& 3tMGc%ﬁ]géed
genstones. In a novel system enploying these concepts to anal yze

fancy-col ored 'di anonds and other . colored genstones, the detector of the
invention preferably detects. light comig fromthe WO 01/61316 117 13 AUG
2004 PCT/ USO1/ 03869 crownsi de of the genstone at a specific angle of

bet ween approximately 60 and 85 degrees relative to the genstone's table.
However, acoprdisthit@i@a ' preferred enbodi ment, the detector nmay detect

i ght com ng out of the fancy-col ored dianond or col ored genstone at nore
than one angle, either sequentially or sinultaneously, but within a
specific angle 5 A @af@end RIRLREARMENDPLNRE ARPRERYX Mately 60 and 85 degrees
relative to the genstone's _table. The detection of a plurality of angles
within a specifi @ %GHighkanpaoriaatngfisleowssconpl i shed by noving the detector
during dgtection,asughddGoribddninidati el Bahbs, using a w de angle detector
and/or tilting thetggl atformor ot her gem accommpdati on surface during

detection. |f thé ligatdsteciopppsgioned tgidetpdt lightyfrogy saidlighisoutse e9mping qutshci fi ¢

angl e range s3&:;imcdnpie FrofaRstloa Hos of Pable-dbRh hinbsh, JREBHENE dibndigquent i al
change in angl e preferabl occurs after a conplete rotation. According to
this enbodi REpmqdated husaidsugfacs aidhe  sj nul t aneous detection, for a rotating
genstone the det eglbpficaPhedRtMel AbScdXoLhekdo)iodedefoled bsdd H%h@hétécyorpf angl es
within the specific angle range within the course of a single rotation.

The syst1@m further conprises a daylight-equivalent |ight source which
i1lum nates 2t he Al&iaGbRMalcs iid@suinehipARR dmpRsidg:f f used way. Wiile

particul ar systens, instrunments and net hods have been described for
measuring and and%yightanprxinmging ligksoucenst one, it will be apparent to
those of ordi nar ¥ suSkdelfdr abddniniRadicla didi@naot her enbodi nents and al ternative
steps are. possible without departing fromthe spirit and scope of the

i nvention. For ex?di#p!dstecigepmstigpestio dptect higatdipn said light spusse comag g¥tete as t o
their, fbuorpsaREsle rbRRhSYSIRABacets B54 BIEROYS didMBndRVhAPGEh MBMmbSR isovel |y
used to analyze the f]uorescence col or and fluorescence intensity of a

di anond or GEIPEFOgERRY #HSUEYC%si ng an ul traviol et |ight source rather than
a dayl i ght - appr oxidifiskfighgsour ce and a detector capable of detecting
fluorescence. It will be further, apparent that certain features of each

embodi ment di scl G&&QBHGRLREASHreReH deyisforaeasuningdight detectsdBy srad Rephdsiecias- 25

systens and instrunents illustrated in other enbodi nents. Accordingly, the
above gsscri ption _shoul d be construed as illustrative, and not in a
limiti ngVsertse, dhdfamprs colop gisasyremeptpPplyRTAIPERE's defi ned by the fol | owi ng

claims. 13 AU G 20R#ighBapfhaximattg Gib@isomee;i S 1. A di anond col or neasur enent

apparatus conpri sing:
PP P a smgace for accommodating a diamond;

a light detector positioned to detect light from said light source coming directly from
the pavilion facets of a table-down diamond, when such a diamond is accommodated by said
25  surface; and

an optical measurement device for measuring light detected by said light detector.

4. The diamond color measurement apparatus of claim 1, 2 or 3 wherein said light detect
or is positioned so as to detect light directly coming from the pavilion facets of a tabledown
30  diamond at an angle of between zero to approximately forty-five degrees relative to the table

of a tabledown diamond, when such a diamond is accommodated by said surface.

5. A diamond color measurement apparatus comprising:



a daylight-approximating |ight source; 5 a surface for accom@o":rl:tt‘lt\,'ljgs2001f
di anond; a light detector positioned to detect light fromsaid |ight source
comng out at a specific angle fromthe pavilion facets of a table-down

di amond, when such a diamond is acconmo@ated by said surface; and an
optical neasurenent device for measuring |light detected by said Iight
detector. 10 2. A dianond col or neasurenent apparatus conprising:. a

dayl i ght - appr oxi mg,mt hipBiman nlgﬁtsoﬁ(;@urface for acconmodating a di anond,
a light detector posjitioned to detect ht fromsaid |ight source conning

out at a 15 spedisPiitcefygreommegating et lion facets of a table-down

di anond, when sucahigatdéteam)mltioﬁedta@st@mmgﬁt&?oﬁﬂsamxgﬁadodrcsu&rﬁﬁgemaaa di ffuser;
and an optical asureneg?%ﬂ)fﬁ e for neasuring (ght det ect ed by said

light det ectBfiicpelg foR %tﬁafa%laéa%ﬁ@wm Hhsh weha d@gpaptSsing:  a
dayl i ght 5apm&@ﬁhﬁ&hﬂeﬂlgy!;dug§m}fa&our ce; a surface for accommopdati ng a di anond;
a |ight detector itioned to detect ht fromsaid |ight source com ng
directly from f%'}ier RopifAned guiside ﬁlﬁﬂ’mﬁ Gggﬁﬁo’élﬁflﬁddigﬁtrﬁ? for; Ak Gtied]

di amond i s &@dﬁﬁﬁmaﬂ@d:etf&rﬁ@klﬁlngﬂéhtﬁ%&af? safilHEhEdRt Rk | cal neasur errent
device for nmeasuring |ight detected by said |light detector. 4. The di anond
col or neasurenent apparatus of claiml, 2 or 3 wherein said |ight detect
or is positisoned T30 damohdcdi@in@Gturdnh@hippiafug 61 MmO oY whéresdilsurayi | i on
facets ﬁ’é a tab|_edOV\Q 30 dianond at an angle of between zero to

appr oxi 1Bt el§™PHEE Y PEHFE: degrees relative to the table of a tabl edown

di anond, when such a dianond is accommpdated by said surface. 5. A di anond

col or nmeasurenent,_apparatus conprising: 13 AU G 2004 19 a
dayl i ght - appr oxi #&FB‘%@W‘% bqi‘?rn%eﬁﬂ’i’?%ent aprargius gbdeipdy 2 g6 Wherein &tid sgfese di anond:

a |ight deteehpfisep®fotdriptiednt 0 detect light fromsaid |ight source com ng
out at a specific angle fromthe pavilion facets of a table-down dianond,
when such a dianond is 5 accommpdated by said surface; a diffuser

posi tiongd autsi dee tigopbidordteaghérast Aphatl ofaiith 1, b gh8 wHEtiB64i@kirfadhd an
optical nmeasurenent dega fge for grsurl %{I i ght det ect ed by said |ight
detector. 6CORNEY} DI RGHEER pabip alglatingtiteehpplipdandsixgrdegicsi m 1, 2 or 3

wherein said surface 10 conprises a platform
9. The diamond color measurement apparatus of claim 1, 2 or 3 further comprising a
measurement chamber which at least partially envelops a diamond when such a diamond is

20  accommodated by said surface.

10. The diamond color measurement apparatus of claim 1, 2 or 3 wherein said surface
comprises a rotor platform and a rotor which may be set to permit measurement by said

optical measurement device during one full rotation.

25
11. The diamond color measurement apparatus of claim 4 wherein said diffuser at least
partially prevents light from directly illuminating a diamond when such a diamond is
accommodated by said surface.

30 12 The diamond color measurement apparatus of claim 1, 2 or 3 wherein said surface is

white reference for purposes of calibration.



7. The di anond col or neasurenent apparatus of claiml1, 2 or 31wﬂef§4ﬁ ggpé
surface conprises a rotor platform 15 8. The di anond col or neasurenent
apparatus of claiml, 2 or 3 wherein said surface conprises a rotor

pl atform capabl e of rotating three-hundr?d®d and sixty degrees. 9. The

di anond col or measurenment apparatus of claim1, 2 or 3 further conprising a
nmeasur ement chanber which at | east partially envel ops a di anond when such a

dianond is 130 a%@ﬁﬁﬂdﬁﬁ@%r%aﬁﬁénﬁknﬁ%ﬁﬁﬁl@oﬂ@aun-ﬁhgo% ANRGE sE@lig:
measur enent g?%gar atus of claim 1, 3 wherein said surface conprises a

rotor platf o dizecied @b hapgpRip ’Wﬁ?mﬁb"fﬂmﬁ%‘d phemfuch adigwgrdisent by said
optical neastdoaiRdbtedByiafBsuftidel Ng one full rotation. 25 11. The di anond

col or nmeasurenent apparatus of claim4 wherein said diffuser at |east
partially prevents light fromdirectly illumnating a di anond when such a
di amond §S  1aCCOMRBERMBH ddYor aRbehréntni #Hratus B cladm 2MARrdM ANHuseOk 8 light

measur enment par at of claiml1l, 2 or 3 wherein said surface is white

ref erence f&?g Vﬁ%g S&f calibration. 3 AUG 2004 20 13. The di anond col or
measur enent apparatus of claiml, 2 or 3 wherein said light detector is
directed at horlz nt al nld oi nt of a dianpnd when such a_dianond is
acconmodat ed py d4F a’%‘ﬂ’i"* cplax eﬁsuiqﬂenﬂ??@arafué%ﬁ%ﬂmé&lﬁe‘w&%%ﬁéﬁ%ﬁﬁ lightnar at us
of claim 2 waghmeitig 8fuckrdi ffuser it a light transmtting diffuser. 15_ The
di anond _ col or neasurenent apparatus of claim5 wherein said diffuser is a
l'i ght { ansm tting diffuser. 10 16. The dianmond col or measurenent

appar at us ofiecl anmme didmori @lor reddidn@inhappaals bf Gditns 1.008r8GH R Feird sAld 1B

conprises a coII| tor. 17. A 3 ystem for di anmond col or measur enent
conpri si ng: detggor PRSP Cott¥nodat i ng a di anond; a
dayl i ght -approximating illumnation source for |IIun1nat|ng a di anond when

t he dlannnq IS acconnndated by said surface; a_light detector positioned
to detect ght COWFRY 8ﬁ¥m%¥1ﬁogb@@FPFEmﬁﬁQW%“$%bn1the pavilion facets of

a tabledsmn d|ana@dﬁw@aﬂa&mgm@uaﬁgamumﬁmacconnndated by said surface; 20
and an optical ne§sqr ment deV|ce for neasurlng | ight detected by said
light detector. P&Yiga-apprxupatingilugymation sourcs forivpidmeadamord Bhgithei ng:  a

surface for dpeRANTIBERIINRAaed BY aiddetace;

a Jight detector positioned to detect light coming out at a specific angle from the

pavilion facets of a tabledown diamond when the diamond is accommodated by said surface;

20 and
an optical measurement device for measuring light detected by said light detector.
18.. A system for diamond color measurement comprising:
a surface for accommodating a diamond;
25 a daylight-approximating illumination source capable of illuminating a diamond

accommodated by said surface;
a light detector positioned to detect light coming out at a specific angle from the
pavilion facets of a table-down diamond accommodated by said surface;
a diffuser positioned between the illumination source and the diamond accommodated
30 by said surface; and

an optical measurement device for measuring light detected by said light detector.

19. A system for diamond color measurement comprising:



25 a daylight-approximating illum nation source capable of i ﬂ §nﬁ1uﬁ 29%‘
di anond accommobdated by said surface; a |light detector positioned to
detect light coming out at a specific angle fromthe pavilion facets of a
t abl e-down di anond accormmodat ed by said surface; a diffuser positioned
between the illum nation source and the di anond accommbdated 30 by said
surface; and an optical neasurenent device for neasuring light detected by
said |ight detectdfurfackSor dicsvfddaiid Miadbond col or neasurenent conpri sing:
13 AUG 2004 21 a surface for accommodating a di anond; a daylight

appr oxi mating il h%bf?W%ﬁwgéliwaﬁwWﬁeﬁ@@nﬁ%ﬁ&woa%wﬁ%@%@h by
sai d surf acejy saidlsin@det; det ector positioned to detect |light comng directly
fromthe pavilion fg%cets of a, 5 tabl e-down dianond accommobdat ed by said

surface; and an dptghtdatectps aesitiompbinidelgehfighieomins disssily frannihe paviinn fastseéaed by

said |ight defleaswd diamdbhd abienrsodate8 By tLd sdlaadramd col or nmeasurenent of clains
17, 18 or 19 further nprisin an optical anal XSi s nmechani sm for

.C [ lall
processi ng neasuraéﬁﬁﬂﬁagmﬁ@%ﬁ‘fa%dieﬁﬁe fonpgesing light defesteddy sqid Bkt detedidtvi ce.  21.
The system for dianond col or nmeasurenent of clainms 17, 18 or 19 wherein

said surface conprises F rotor platform 15 22. The system for di anond
col or measur@nent 5y joRgiamend eofor greasugerignbofdaims b, 48 py Igrprthen egrppaste i s

posi tioned s@ opScal Sablels @febhahnisBitbr & od¥kINg rHldabiBerhdnys hémred BesaRpoptitdion facets
of a tahl e- down dianond at an angl e of between zero and approxi mately

forty-file JBFWELNAF4% ve to the table of a table-down di anond when such
a dianond is acconmodat ed by said surface. 20 23. A system for dianond

col or measurenent__conpri si ng: surface for accommpdati ng a di anpnd; a
day! i ght - approxi r{JHFiS}‘F&“fﬁ’ralﬁvlﬁ%ff‘i%n%wwn&%fﬁmﬂoﬁg P Yourhereit oy a

di anond  accombedahpthedy rofdipttieimdt form a light detector positioned to
detect light comng out at a specific angle fromthe 25 pavilion facets of
a tabl edown di anond when the dianond is accormodated by said platform a

di f fusertsposizf i orge sRENVRE Biamdhdoldr méAtuRatdnOsF cHRHY p@madxme%piaaﬂi@{ m and
an optical Fasur,errent%l%lﬁ?vi ce for measuring light detected by said |ight
det ect or. 24°totiREis positiqned gpras i deteshiielt seraipe dincetly fpw thiypayilign facaty of ajtabley 19

wher ei n sai dlolvh@hinond6t 26 @b@€ bitetvien LQb MM BHPRXAIRIN fobdifdle abPrdatdativé® A

system f or m col or surenent conprising: a surface for accommpbdati ng a
C)Cl)l ored g em%ﬁ%talﬂ@o%itg gAown giamond wherlgpsuchadigmond is accommodated by said surface. g

20 23, A system for diamond color measurement comprising:
a surface for accommodating a diamond,
a daylight-approximating illumination source capable of illuminating a diamond
accommodated by said platform;
a light detector positioned to detect light coming out at a specific angle from the
25  pavilion facets of a tabledown diamond when the diamond is accommodated by said platform;

a diffuser positioned between said illumination source and said platform; and

an optical measurement device for measuring light detected by said light detector.

24, The system of diamond color analysis of claim 17, 18 or 19 wherein said light

30  detector is rotatable about said surface.

25. A system for gem color measurement comprising:

a surface for accommodating a colored gem;



22 a daylight-approximating illum nation source illum nating gcﬂ)l%“«@ ?QQ,D#
accommodated by said surface; a |light detector positioned to detect |ight
com ng out at a specific angle fromthe crown facets of a col ored gem when
the gemis accommpdated in the table-up 4sition by said 5 surface; a

di ffuser positioned between said illum nation source and said surface; and
an optical neasurenent device for neasuring |light detected by said |ight
detector. 26. A sydiRm-hspoaemnkiHefiesoR batTRARHARIRRbloRANRLI Sing: 10 a
rotating surface for accomodating a gem a |light source for illumnating a
gem accorrrroci‘ﬁ'foé‘anclﬁlﬁteggl’ﬁf“‘i‘%]ffﬁ‘ﬁ;ng surface; a detector positioned to detect

light fromsaid |eﬂ1%ﬂide‘6détéfﬁ&sitﬁ)ﬁéﬂtB@et@@ﬂligﬁttcoﬁlirfgﬂﬁﬁdttlisﬁeciffé!ﬁﬂél@frBﬂthEBthe crown
facets of a colore gem accombdated in the tabl e-up position by said

surface; 15 Vg eeRd 2 cplgted grmaan the 5B Srpcemirprdete it the trhlewie P ionshy; said
sur f ace; 5an safdecal nmeasurenment device for neasuring |ight detected by said
| i ght detector. 27, The dianond col or, measurenent instrunment of claim3

further conpri si fgifises gosijansd betgensid ilummatingdowre ANARJ SIRGERRS col or of a

non- f ancy- col or edndp@APmehseemBitidsiftrof MeasSliBEht ®fectel bl Wi fdth LA
t abl e-down diamond with a diffuse daylight-approxi mating |ight source;

detecting the light fromthe |ight source comng out at a specific angle

fromthe 2%¢paviA iyeinffacehsirtestdnee déamemns coBasitg Ng the detected |ight
W th an,!ﬁpti cal neasyrenent device; _analyzing the neasurenents with an

opti cal Hnal ysi s af@eREAEHGe forqocoppedaiig APt anal yzi ng the col or of a

non- f ancy- col or ed ighesseiRe foR ilhedinitify 2 8end Becsheb@itdt 15kl rsth@fy stffacdet ecti ng
conprises detecti n{&gl@hrght it_com' of the pavilion facets of the dianond

n out. . P .
at an angle of bét @neéﬁﬂg%{ffﬁi@%i@?ﬁ’tséﬁdy}lghwwg FqryRe o gt awecifig| ati ve
to the tablagglefroinfiBe dbwiBBEs ofA cBlofld gem2edonndodaidd in thEabIeRD Regkiafbyanal yzi ng

the col or of non-fancy-col ored dianmond of claim28 further conprising
the step of %%t i ng said tabl e-down di anond during said detecting step.

31. The1iget hod ofa da@kypekiienddberwead Qfd 1pht @ufte Bnd ARGYriRR] or ed di anond of
claim?28 5 further conprising t_Iae step of rotating said table-down di anond
i

a total of three ROPHPETCASHENCT dGYiSe foyraswinedight dsipcied by saibhadt feieiiPrst ep.  32.

The net hod of analyzing the color of a non-fancy col ored dianond of claim
28 wherein said,_st of illumnating conprises_ illumnating with a
dayl i ght - appY oxi r@gﬁﬁ@opq %qr_measuremen?instrmrr’r%nt of claim 3 further compriginga diffuser.

20 28. A method of analyzing the color of a non-fancy-colored diamond comprising the steps
of:
illuminating a table-down diamond with a diffuse daylight-approximating light
source;
detecting the light from the light source coming out at a specific angle from the
25  pavilion facets of the diamond;
measuring the detected light with an optical measurement device;

analyzing the measurements with an optical analysis mechanism,

29. The method of analyzing the color of a non-fancy-colored diamond of claim 28
30  wherein said step of detecting comprises detecting light coming out of the pavilion facets of
the diamond at an angle of between zero and approximately forty-five degrees relative to the

table of the diamond.



10 33. The nethod of analyzing the color of a non-fancy-col 0@63 o%lr%ﬁ@%
claim28 further conprising the step of placing the dianond, table-down,
on a platform 34. The nethod of analyzing the color of a non-fancy-col ored
di amond of claim30 15 further conprisi#g the step of placing the di anond
on a platformenclosed. 35. The nethod of analyzing the col or of
non-fancy-col ored di anond of claim28 further conprising detecting |ight

i amond. 20736 The e i ng |1 ght
I anond. : e method of claim3 erein said step of detecting lig
coni ng out dPrBEr SURYEE tetepiof rtating §1id taBtecdgra dismend furingseid dstesting tep-espect
to said step of detecting |ight comng out at the first specific angle. 25
37. A nethod _of apalyzing.the color of a non-fancy-col ored di anond
conprising tHe st éne%}t?gpf?‘}alyﬁ’r‘?gﬂ}ftci"l?@o%ﬁﬁ%ﬁ?@&ﬁﬁ%feéidﬁfﬁ?ﬁﬂoﬁﬁlﬁlﬁ2§ di ffuse
dayl i ght 5appuaidr 6@ dtprivehelthedidp oF QMR said iBletoWh AGmoh@R ot bOMeMendrb Oy sour ce
at a pluralit f angl es wi.thin a specific angle range fromthe pavilion
facets a di aﬁ‘%’h gresp dyng syid defgrtipg&teliet ect ed 11 ght with an opti cal

measur enent device; and anal yzing the nmeasurenents with an opti cal

anal ysi s rrecstiani

STrHe method of analyzing the color of a non-fancy colored diamond of claim 28
wherein said step of illuminating comprises illuminating with a daylight-approximating light.
10
33. The method of analyzing the color of a non-fancy-colored diamond of claim 28

further comprising the step of placing the diamond, table-down, on a platform.

34. The method of analyzing the color of a non-fancy-colored diamond of claim 30

15 further comprising the step of placing the diamond on a platform enclosed.

35, The method of analyzing the color of non-fancy-colored diamond of claim 28 further

comprising detecting light coming out at a second specific angle from the pavilion facets of

the diamond.
20
36. The method of claim 35 wherein said step of detecting light coming out at a second
specific angle occurs simultaneously with respect to said step of detecting light coming out at
the first specific angle.
25 37 A method of analyzing the color of a non-fancy-colored diamond comprising the steps
of
illuminating a tabledown diamond with a diffuse daylight-approximating light source;
detecting light from the light source at a plurality of angles within a specific angle
range from the pavilion facets a diamond,;
30 measuring the detected light with an optical measurement device; and

analyzing the measurements with an optical analysis mechanism.





