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(54) Title: SYSTEMS, APPARATUSES AND METHODS FOR DIAMOND COLOR MEASUREMENT AND ANALYSIS

(57) Abstract: The present invention
comprises systems, apparatuses and
methods for measuring and analyzing
gem color in a way which reliably and
consistently simulates visual color analysis
methodology. The preferred system
embodiment of the present invention
comprises several aspects, including the
use of daylight approximating lamps (10),
such as daylight approximating fluorescent
tubes or halogen lamp boost=d with a
filter to approximate daylight, and a light
detector which light of a specific angle
such that the system approximates visual
analysis methodelogy. In the case of
diamond analysis, in one embodiment,
the system of the invention includes three
major elements: a daylight approximating
light source (10) that illuminates the.
pavilion side of the diamond (40), a light
detector (30) which detects light coming
out at a specific angle from the pavilion
side of the diamond (40), and an optical
measurement device which measures the
light detected by the light detector (30).




filter to approxi mat e daylight, and a Ilght det ect or which Ii 11t3 (A‘Ué! ZUUA

- met hodol ogy. In the case of dianond apalysis, in one enbodinent, the
‘systentof the invention includes three

speci fi c WRAPLE3Eych that the system approxi mates visual BREUpe1/esses
1 maj or el enents: a daylight

approxi mating light source (10) 'b o j.nates the, pavilion side of

“the dianond (40), a light -detect wch detects |ight coming out at

~ Systens, Apparat uses an

a specific angle fromthe pavilion si de of the di anond (40), and an
optical measurenent devi A =¥, R&nadd SRt detected by the l'i ght
detector (30). .13 AUG 2004 WO U1r 61310 17 USUL7 03869 1 DESCRI PTI.ON'
i1 : Joremnenid gySidasur emrent and

Anal ysis Field of the Invention The present i nvention relates to systens,
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‘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 imvolves quality control and may include a

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 Institute

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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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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30 - ‘The 1990's bave seen several variations in diamond color analysis instruments. .
For example, the Ausiron 'C_dlorimeter and the Gran Colorimeter disclosed the use ofa .
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,
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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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apparatus conprising: a daylight-approxi mating I'ight source; a surface for
5 acconmodatiAgreme appetates comprisiig: 2 devligitappropiasiing gabewurcs; apefacetfon | ght from
said |ight %Qé&rﬁx%daﬁ‘r%fﬂ din@dt a Bint Qet&a@&%'o&h&e@%eﬁzcﬂc l'fg‘B{Tfr&HQal@“‘l i bdoty facets
of a tabl e-down di anond, wheh such i anond i s aeconmodat ecldby sai d
surface, a @Pmingserataspreifiemnglpfipmahe pryilion faseieaf 2 tblpilewn digmondywhensurhg | i ght

detected by ggaidddhd ﬁ%ﬂlﬂ&iﬁ&gﬁ)? Kaid ﬁ?ﬁ@é diaithsd:Qodifdned BRLBEM e ﬁﬁﬂ@?&d&cﬁ&?
pr esent i nvent| on provi des a di anond COl or 0 neasur enent appar at us

conpri sPRg: ohsadlight detecterpmdaniontinal mepstricgmt dgyes leemeasuringlichideterisd by said
accommodat i ngp@dedi@ond; a light detector positioned to detect light from
said light source comng directly fromthe pavilion facets of a tabl e-down
di amond, when sudiramplegmapdiments compce SR EHMBYS andiraetadp for evalyzingdean

optical neagppiRaydAHieRlidb®f andRES P sitdu BB visual color analysis methodology. A

preferred embodiment comprises several aspects, including the use of daylight-approximating

25  lamps, such 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.



detected by said light detector. 15 According to another aspect, ﬂha AiJG 2004
present invention provides a dianmond col or neasurenent apparatus
conprising: a daylight-approximting |light source; a surface for
accommpdat i ng a dianond; a |ight detectof positioned to detect light from
said light source comng out at a specific angle fromthe pavilion facets
of a tabl e-down di anond, when such a dianond is acconmodated by said
surface; a di fo%oﬁﬁghg érfaﬂl%fjasﬁégt Shéiﬁes%&qn@ﬁ&& &a‘m@e@ta%ﬁenm%r aﬁmaﬁd sai d
|ight detector; and an optical measurement device for neasurln? i ght

det ect ed by CQleF measpiegipt campEErg B surfac fspecopmsdeingerdianoadmslayligitsy st ens,
instrunents g ﬁ{l‘gmﬂﬁﬁ@(ﬁhﬁ%or?s@%lcé’@pgﬂe BEMmE iy a difindhd WebmMdbasBa B}eéai@bl y
and consistently sinulates visual color analysis methodol ogy. A ‘preferred
enbodi ment  EBHgsE; alight dedertar gpsitiongd tordstect light ‘Eﬂmﬂﬂﬂf‘{t Plea specaficymgle from the

dayl i ght sapRaAXbREANG 235b1-80MSdiasisthcinfiRMlel gfsalama@h ARfubd PoditidhRl escent
tubes, and a geonetrr whi ch sinulates the results of visual analysis.

Accor di ng t &etpsen the dluranatign pavee and s disread peommodated tyraid serficeiaad an sy st em
for di amond opRQl RkastRARH RWBE For ﬁﬁﬁmﬁh?hﬂﬂdet@cteﬂ%fsﬁﬁﬁgﬁt(a@te&%0mmdat' ng a

di anond; a dayllght- approximating ilTumnation source for illumnating a
di amond when  t he AfCRrHA P Y% 2thog apermbaBrCwa! Dyertion provdesraydem for|diagiepd

det ect or posbiof %ﬁdrehen&%sﬁgmé lagmacems&nﬂ%ata{g aQlianREC dal Ggr@ngl e from
the pavilion facets of a_ tabledown di anond when the dianond is

acconmodit edPHgxiEgiieg Hummatien sourkeymingg %@mﬂ%m@ﬂ%med e vaid aurfaeg; 2
measuring | ijghtdercdRt ﬁ&h%ﬂecpf}é d&@étqilghtlcgﬂﬁngdﬁﬂeaﬁlfﬁfm thd Bavilid s34t a BipRCCOr di Ng
t o anot her aspect, resent_invention provides a systemfor dianond

col or neasurdgs ﬁtarr@aﬁirfﬁcp@mﬁ@atedd%smdfsaré@ewﬂ a&e@@ﬁ%ﬁ@aﬁm@t devifederond; a

dayl i ght - apRhL@¥ng® tr@;gteétgdpé}maﬂﬁg%hp&t&%r ce capable of illumnating a

di anond accommobdat e sai surface; a |light detector positioned to

det ect |ight comf’rfgoréws t%%“"ﬁ‘%ﬁé%‘itafthf‘cpraﬁ%tlléveﬂ'i*%?ﬂf?‘ﬁ‘éﬁsﬁSﬁéﬁ'ﬁi‘ for dqmpatet s of a
tabl e- deyn dbRPRBAREEATERIALIEH aRYR8 A a8ldiinR@fingd dinfohiSelay@s ti oned
between the illum nation source and the di anond acconmodated by said
surface; andPRIAximgiieg ilamingionsgrisseapeble el illpminpting adigmaqpdipprgmmoagpied Bresakt ed by
said |ight dekesh %rllghﬁfe@e@foelbwlo&led WeletedNRhN @it Re fila spdcliR dﬁél%%%ﬂf‘thé nvention
provi des a system for diamond col or neasurement conpri sin a surface for
accomodat i rﬁ’@“h‘”ﬂfa‘é‘?ﬁ%‘#& tabledgyy diagiend whendhp figwpifais ngmmo#zﬁ Seidot e ce

i 11 um nati ng BRALAFRRENACCHIEP S BEmPY%GALES Md saﬁ%latﬁnn lah@ R opfiRirect or
positioned to detect |ight com ng dlrectlé fromthe pavilion facets of a

tabl e- dBwn RFPEABHA! deiGitroerarEmebightdsicsted by saidtlight @ﬁﬁ‘?}m&n opti cal

neasur ement devi gechiing 1R anbithed Sspedtaht {)1@?&5@19%@1@01@]‘/1’0@1@&3@ syitehorgehect or.
According to anot her aspect, the present invention providés a systemfor
di anond color measurement comprising: a surface for accommodating a colored gem; a daylight-

approximating illumination source illuminating a colored gem accommodated by said surface;

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



15 col or measurement conprising. a surface for accommodating a TdBagng; 7804
dayl i ght- approximating illum nation source capable of illumnating a

di anond acconmodated by said platform %nl i ght detector positioned to
detect light con-ling out at a specific gle fromthe pavilion facets of
a tabl edown di anond when the dianond is accommodated by said platform a
di ffuser positioned between said illumnation source and said platform and
an opti cal %Qm‘é&@ﬁﬂf]f‘gﬁ?i&mé%ﬂd G S RASHEL Aadur Githt 1 &ratbalying Ak | 1 ght
detector. According to yet another aspect, the present invention provides a
systemfor § étﬁ?te‘%@ﬁ?ldh%b%ﬁﬁ%ﬁ%nt conprising: a surface for accommpdating a

colored gem a dayiheghk ofﬁcﬁﬁaf?é&'—dmirécﬂgaxhdddlém} hﬁﬁle%&%cﬁﬁeﬂt lthagsiat i ng a
col ored gem acconmodat ed by sai'd surface; det ector positioned to

det ect | i ghtincdusss thepesrgior glemgnts: ﬁébvhah&awl@atﬂgdlﬂ%ﬁ@%%ﬁfmwwtée25 of a
col ored gempWgsh didteorgRMidnfond Ll c%xr?@e%t&%mcﬂ dtetla&s lighb&niHp BT iepRLkY said
e

surface; a d| ffuser p05| ti oned ween said illum nation source and said
surface; andidsffbpdispmgnd atﬁéﬁ@tfﬁé&é‘ﬁtﬂﬂééwmsa%?as‘ﬁ@a%ﬁ?w Thigrpcagitect ed by

said |ight delget &Hiecte&‘%‘}ﬂfedigﬁgdete@toﬁﬁﬂﬁﬁbﬂ{er asiRRGthent, ahfea R §8@NEhakB¥ENt | ON
pr ovi des a system for gem | uor escence neasur errent COTTprl Si ng: a rot ati ng

surface for cBdeshibs dupongiodegatlyzed and e daylighf-apprgrimatipglieht sqURsHEIIHG 2 gem
accomodat eghdpavitieh S MR diftHorRUhbLAGEs diffude ahbh aRQSe) bﬂ%@dé&tcﬂ@ﬁrﬁﬁ

light fromsaid |ight source com ng out at a specific angle fromthe crown
facets df aordsi ’@F"éﬂfe@é%dﬁ‘éleﬁrﬁ?dd’ﬁtuéﬁﬂl in the prrgent H’HFlﬁmﬂﬁn p &Eferied srupgdiment 4

surface; a gidignp&liccRP ebhprRBEAnHED otld@akl OshnbAedt8h WRAR a8 A, Qnd th@Bticaour ce and

said surface; an optical neasurenent device for nmeasurin ht detected
by said | i gieatsRsat SVice ROpPprEser A EnsciEPhoigmete itapoist rplame H&?gwmam ysis,

in one enbod di@xﬂhmh&fb%m?ﬁ&% § Murth Rfchidfie $n $PNER AndTREOheBhBIE REH as @ data
dayl i ght -approxi mating light source that illumnates the 5 pavilion side of

t he di anond Progesspigfiet @epaes Beasysmen daeiiom e pptigrmeEsemet demiceds 2t he

pavilions sinderRhl pEé&@de@lt él%?E'oxﬁ%rtﬁh§ﬁ@é%hxfeh1€ntailaﬁhﬂo cangbigpRR! | cal
measur enent devi ce which neasures the |ight detected by the | i ght

detector. |n anotAfePrd@atencsapdimentythe sysicahiaelides fnplements 3pdiEds t he
di amond to Rgpatahiihhaed-d it fiﬁm!iﬂagamheqmnmlmfla@&dohghtrot%pw&eﬁ

illumnates the pavilion side of the dianond through a fuser. Al though
a vari ety ofotpipgihe dgmprtdusing ilkmination.sdtehtdsteciop ard AnORET maBsyTerert dsrige be used

in the preseichiaQBLd (Aight Het&téart@ftﬁéliﬁlﬂd&ém%%&fferreh Rexidibg bt thidet ect or
conprises a fiber optic cable connected to a diode-array, and the optical

measur ed@nt e@é@#i@éﬂtc@ﬁﬁmcglégeaaurglﬁ% dpbisBRHE light which the St prdor hay esitled

enbodi ment, cbRgs RWShEMahbid 8 5pLARRREIE RfatRe fOHE {able oF @FBAMondTuRRkHecal
anal ysi s nmechanism such as a data processor, that conpares neasurenent

data from t Keuspkfiscielerptaden s tiaeredi ce to a 15 historical precedent
and/ or converts tie vilRAS HERBROGT tHdndentibh SisGdsed ﬁé}klﬁﬁnaﬂgaﬁl@‘\fldedb&cs@ﬁeﬁjdt@g to

one enbodi nent, the systemincludes four elenents: a daylig

pieces or as a single unit. For example, in the previously described embodlment 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



approximating light source that illum nates the pavilion side A@][?rz{mﬂf
a rotor which rotates the dianond during illum nation, a Ilght det ec

and an optical measurenment device which neasures the |ight detected by the
light detector. In a preferred variatiompgwf this 20 enbodi nment, the optical
measur enent devi ce neasures |ight which the detector has detected com ng
fromthe dianond at a specific angle relative to the table of the dianpnd

during the 1&9&1&%@ staibilifk 1Bl &}Qh&t raeﬂ;re;l hrafndifent éaercq' BRRALL, in HRSh YO

el ements of the invention disclosed herein may be provided as separate

pi eces or asmhodime) the hsiem inglydes a Jigltdiffuser h@t"(eﬁ’ethp ﬂ@% sewret and dheszemistone]
enbodi ment, & skivedth r&iﬁcétﬁé’ﬁﬁ@erﬁ%ﬁff@c‘?sr Jf‘d%ﬁérgloﬂgndad?re&t%ffe%tﬂ-}‘s %g.lsl:ﬁ‘w thiM th

the rotor or alternatel rovi ded separatel | n anot her enbodi'nent, the

| i ght det ectsd Oéﬁhmwe%meﬁ eavls%@éqmaeamﬁ Ingmgiherprefagedeobpdimsat, aan
integratsd WlhanWdd pkdess L;bglkmnﬁméﬁﬁat@ﬂgn ke kfRbsurelffits kLSRRI uni t

may further conprise an optical analysis nechanism Likew se, elenents of
the |ight dépessdrotaign dhe eprstencapaytbis dnclusladreA cgerding sosthisipecfespsad ieaapdimenis ur ement
device, as ink dheme Ils‘nseiaetd#ba@ten@ﬂw@aﬁu&ﬁu§ BRC ERRNHATRESS ensl i§BY De
provided separately. 1n order to overconme difficulties associated with

vi sual anal yepsistegbistpiionyn anpthsr emadimaent, devignsd thesercome difhaultios pesaciatedhwithic| udes
at | east ongepkorSCHH, 3borkdNRY.Atilt 9hfurd thcﬁ'ﬁx%?@ﬁe?até&ﬁfeﬁéﬁuc§ﬁ3aé}'dkrﬁrﬁca‘i‘i d
reliabi I ity. In a preferred embodi nent, the system i ncludés hi gh frequency
bal | ast 193" magbedsldeh in order to stabilize the daylight-approximating
l'ight source. Likew:agg &o&@%n%ﬁm%?ﬁﬁ E&Eht R IpRAes 2 @G ¥ST €M
includes a light diffuser between t |g source and the genstone which
serves to r We“&thecﬂ?fr?@éfl?m@n‘e)ﬁfﬁé@ﬁ%d%mo@ wWwperignphe s ofi ifepinatingid ect i ons
caused by t %Ie—&vﬂlchlé?ﬁonﬁlvdlﬂlrﬁ'd@.tsb@QI&MPfoﬂln‘(a'tlﬁgﬁéhtgﬁ.{r&r dAQBhY e Fight! N

anot her preferred enbodi nent hanismto process a plurality of
separate |i dtomthphight ﬁ%ﬂrﬁemmhemsee%fm@e&leér@ert weﬂhoewﬁ@ ef the disgendii on of
a genst qge NR¥aRRg iHRALLHEH:HPAGARLELRARa ReabPiSerP BEAR! &ﬁ@zﬁ Qﬁéﬁﬁﬂémentst he
system conprises a rotor platformthat optionally has a stabilization ring
to ensure i tdth aggptigakanalysis psehapisBn. | n anot her enbodi nent deS| gned to
overcone diffi CU|Acb@r§m§§osﬁ@hr§>ft}%€'e1%&dﬁ]nen@|tﬁ‘é’§rés@ﬁk';ﬁveﬁﬁér¢ ﬂmwé’es a method of
correct-for-drift feature which w)’vﬁlre(g)erate either statically or

dynami cal | y analyringghe gnploriof a noptagey- dipmend comarizngbe steppidiimainatingah e
present i nvetiddeRn H{af?x‘éhdjﬁﬁh @dlmgmghgﬂ_apﬁmgtmgn%hi stﬁrce%e&u@fhgﬁt from
non-fancy-col ored di anond conprisin | um pating a

t abl e- déiin diredigbhiutke eip Idmahtvpﬁeelea&mn@rﬁpe n«slerﬁ%ifrﬁgx the pepvilion fagets a;
detecting t Rgmoh@Heasiring MelddReted B5H: uﬁtﬁ‘dﬁ Sﬁlc‘éprﬂéa@&eﬁéﬁt dé’»tlceaaxﬁlpa%ﬁ;yiﬂ&gth@ngl €
fromthe pavilion facets of the di anond measuring the detec

with an opt meawrmemlwﬁpﬂ%weé}sn&ﬁ%ﬂnw ng the neasurements with an
optical analysis E&R«ﬁﬁl@@h%&méﬁ&%h%ﬂﬂrela@h 1% &fe RO G 5teR ARPHLARR: tof he

present invention provides a ne
analyze the color of a gemstone according to historical precedent. In one embodiment, the

25  method comprises the steps of illuminating a gemstone with daylight-approximating light,
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



anal yzing the color of a non-fancy-col ored di anond conpri sing tﬁb35¢ﬁﬂ§ 3804
illumnating a tabledown dianmond with a diffuse daylight-approxi mating
| i ght source; detecting light from20 the light source at a plurality of
angles within a specific angle range fromg he pavilion facets a dianond,
measuring the detected light with an optical neasurenent device; and
anal yzing the nmeasurements with an optical analysis nechanism Exanple
enbodi ment s yg@NGLAtdY mERL@kEnt dByitd B d ¢SHpding theHA LRGN fath AR ISR ical O
anal yze the col or of a genstone according FO_hIStOFIC&| precedent. In one
enbodi ment , Prasedent B apethrcanbegimsnt, S sneiliod comenses e steps af magiag p dgmandiest one
wi th dayl i ghéanRiem BhinBthd thOftiliod $1€6£ th Giafh bR Jv&ﬂ&h?li@ﬁ—@})ﬁ}gxifrﬁﬁ@ a
specific angle fromthe genstone, neasuring the detecfed Ight with an
optical meadhieriting theveterplations detecing habehhthatis s puteAthe partion side pt i cal
anal ysi s5MeeRadinidhd aPiéhetife hnfpd v 0 neGIO6f 1R dibiéhdIRARS RSB oRGRALRIRY O
hi storical precedent. 30 In another enbodi ment, the nethod specifically
appl i cabl e ks dsfesiid Heht arithiay eptical mepsurement dedccadpral wéng tharaeaseepntdpta.
i|lum nating the Qayidiehs SlddRntheds, i oRM M deitheda¥hp16 BhbodkREHO%i Mat i ng
l'ight, detecting the light that is comng out of the pavilion side of a
t abl e- down RfFERURECAE byuvBigk i duals may ebtpiaisastapdallygeliarle serpipee eofort he
di amond, mMeggMGdidg id ﬁgthéle&b?&t &And éxﬁllﬂme 13642 Q0% eB6mMnE BisRthRRT | cal

co

measur enent device an npari ng the measurenment data agai nst historical
precededf. [arrogipisd Fith theppriigatina vispd analysistesermetthp g insekanicpleanglyeipaystem. Bl aci ng
a di amond 0Rs Aokt B iRl x@fPle enbbdiEMR ol A& ide ot aBRVInl kiabis sitfenPior %Ji&‘?
di amond wi th dayl i ght-approxinmatin l'ight, rotating the rotor platform
det ecti ng t tglor anglypistIhiganqther obigst ﬁ’ég’é grangle erphodizaapts|to Fuas dispergipn 8nd ¢gect

di anond at g.RPeH dukib ﬁé;,g&@mragglf;gtig_ve to the table of the dianond during
rotation, nmeasurin % e detected light with an optical neasurenent device
and anal yzi ng t hésherdBemethedstof theinyentionsit fsgp oBigeitol ths mysatiqnie pioyideAts, it is
one obj ast  Qfettlol®r S HRAIGsi EPRRHMITR VySndi GidhdlCH REE e (L &PBAnRY oMMXp&itnce

i ndi vidual s may obtain substantially reliable genstone color  analysis. It
i s anot her dbeaalogys It isipcliughes aRipd obth SuPition taprodetnathedsyehighnermit fuchcul t i es
10 associ at egchinidal WiltQitddRtintat thRinPdr e&(%e?iéﬁéeiﬁ@é}hc}i oBEQPBIry to a
mechani cal analysis system It is another object of the exanple

enbodi nents to provide a stable and reliable systemfor gem color
analysis. It is another object of the exanple enbodi nents to reduce

di spersion and direct reflection during gemcolor analysis. As for the
met hods of the invention, it is an object of the invention to provide a 15
met hod of col or analysis performable by individuals wwth [ittle technical
training or experience in genoblogy. It is a further object of the
invention to provide nethods which permit such individuals with little
technical training or experience in genology to reliably 13 AU G 2004




WO 01/61316 PCT/ US01/ 03869 7 and consi stently obtain sem - a:Lao%ugdzggbror
anal yses W&YM4#8g to visual col or analysi's. - methodol ogyPCT/UBP1/E3869

Description of the Draw ngs Reference |7s next made to a brief description
“of the draw ngs, WhICh are intended 5'o illustrate gemstone col or '

~anal ysi s tr r e_a cl osed._ her ei The draW| ngs
and det am?&lgén%escr Hlt%% 5\%#:“ ?"4@0"&%@% -2 a?ysg%%%i:g@i% toogl

i || ust r amiethodolagy. are not |ntended tolimt the scope of the |nvent|on -as
set forth in the appended clains. Fig. 1 depicts a light box which is _
Cillum nat ed overhead by dayl i ght - approxi mating- fluorescent |anps (high
frequen. BrigEDescsiptign of thedgawings) Fi g. 2 shows an angl e perspective vi ew of

a light sensi Rgfeiéﬂ@eris ABkt BadeB Lodr @scrgjﬁml dffth@drawmdwm‘éﬁ arefinfeAged

, present jnyention wifh th e direct at _an. an et ween zero and
" appr oxi ni RiU5AE SpRs «SOE’é&Pg‘K%’S W%?%dwnegjm BseAs 3ﬁ@°§eém@eelaom

di anond mmmmmwmmqmmw&m hﬂ&anh tepdet ﬂof&hmle?l}f ﬂh{g‘,’trafﬁi@ '
rotating er_are thin t bo Fig. 1.
18 B g ey hoLiaRaBis <t i oB G B MfEmliph 2 e i 1 R et plor e
pres ent i nvehig dulepisty 2lightthes vmldlrmnﬂummamlenvterhaaéby daplighe-agprnimating

r ot or mﬁ&r |s encl osed by a neasuring :
chanber.. ﬁﬁ&g&@f“ use %}elltrf%glel%ﬂ ?"R!ﬂﬁ% (not, shown) and the dianond
Fi 9.1 shows Fige 2590 aren epensp@ctlvs \mr @t ghiesenféns@bﬁhgp@mnlﬂerofamd

20, di ffﬁﬁ@hﬁe@embo'aﬁaﬁva‘me eehelﬁeﬁﬁcaf%mvmewaew BkecfobPhR hER of |
_ |ntegrated unit enb d| ment n%ntlon wherein a_fi ber opt| cable is

cont ai neRFVRELZHP R £ress 5l e dhe tablg, of fhg tablsedorme n
A IZ: ero gnddlamomwm ﬂieémﬁnroh&qfs lamem:dmdﬁeo oabthe erotdiiag rplit@émpL%eOfdﬁhngZﬁ
i s odi nent asuring chanber inthe
fulgl y dﬁ?@gﬁ%%ﬁ% odm‘y“hﬁlo%hgwbéﬁ&fge%gespect | 8e vi ew of an
al t bnat e enbBigh Bn;showofantahele pierspectivieoviewiod acimplified wmb@m:enmmawmns a
- SWngl e AGEARAWEefh e ibnldlids gaﬁﬁoﬁéa,a%ameem SR Arofld gmfr&g gart of
erspe t|ve vie

acallbratlorg rocedure. - hows a top, angle wof

the al t SHOFRH a-'g?fﬁbﬁﬁ %Jfﬂse‘@)by m%m&m’&@%éi diffusen sepamtasithe light soaregear | v

¢l osed p@aﬁhm)aﬁd@he&aﬁzbﬂ&vs a corrp05| te view of an enbodi nent of the

" present Inve 0 r drift re co ri SI a second
fiber optic ggllgrerll g‘?‘@%?ﬂeﬁ g’ﬁ“@hgq%fFDDeJ’[ Ti‘ﬂ%z f Wt@dy

_fort%ﬂflda&udﬂgrees into a reference materi al measurement

Fig. 5 shows an angle perspective view of a preferred integrated unit embodiment
of the invention wherein a fiber opnc cable 1s contained in a light sensor housing and
positioned at an angle between zero and approx:maiely forty—ﬁve degrees above the rotor

. platform. :
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.
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.. 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. Accordmg 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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diffuser 130, said diffuser preferably located near to the diamond 40 between the light

) - 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 geomeincal relatlonshps
oonformmg 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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25  detector or detectors preferably detect a plurality of angles within the specific angle range :
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 non-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, o 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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rotating both wheels by moving positioning bar 250 in a circular motion results in the
small wheel . 240 gradually increasing or decreasmg its distance from the base 140,
dependmg on whether the - motion of the pos1t10nmg ‘bar 250 is cloek: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 steadﬂy be lowered jnto the deployed position as shown in Fig. 6.
Conversely, the armature 210 may be raised into the non-deployed posﬂ:ron by 2 counter-
circular motion of posmonmg bar 250 as shown in Fig. 5.
Accordmg to the embochment of Fig. 5 the posmonmg bar's movement is
35 ° restrained by 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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be uged og‘e%(&kﬂye&&ﬁlser 130 which is mtegrated within armature head 320. Altemately, fhe
diffuser 130 may siraply cover the 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 referex_lce 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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Lo e ThepRatiy h Sk Aflodh b &I?'gés A S
turn cor Q@E‘ttgr CrEPEyes afipdn-array wdichorsi phmaaﬂw partibbithe opticd anesammehive :
corr ect - dviés, nheelys &oﬂ@éé.nﬁ? s;bé?:%ﬂﬂ&gm@\%r e diode-array may alternately form part
: ‘ ~of the light detector- housing along with the fiber optle 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 d13played on
monitor 800, pnnted outon a p:cmter or electronically stored. The measurement data itself
may be graplncally dzsplayed in addatlon to, or in place of, the gemstone color assessment.
35 Accordmg to a preferred embodlment, shown in Fig. 11, height adjushnent, angle
a(.’gustment, and dlstance adjushnent for the light detector relative to the surface for
accommodatmg the gem is achieved through a posmonmg assembly 900 which is

bt
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‘assessne} 35 According to a
hei ght a%@ﬁ%@aymfﬁeaa}%m%ﬁ‘tmhnd di stance adj ust ment for- the Ilght
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N approximating light source and rotated through three-hundred and sumr degrees, at a fixed
< speed, while light i 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 wetghted average correspondmg to the visual
analysis positions used for visual analysis of fancy-shaped diamonds. For all gems, the
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" closer to achieving visual color analysis results Moreover, because the system of the
present invention makes use of dayhbht-approxmatmg h,,ht, the system aChleVBS results
* more closely correlated with visual color analysis. L1kew15e because the optleal :
7 measurement device may make multiple measurements for a smcle rotation of the gem,
30 for example using a fast spectrophotometnc measurement device, the instrument results in
' N extremely fast and reprodueﬂ:le color analysis. Finally, certain features of the mventton, _
* such as the diffuser, overcome substanttal difficulties assoe1ated 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 -
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i nvent i ohbSksiern further compises o daplighésguivalenb lighinstviren whidbhilluminates the
daylifghtm@%rsqﬁgmﬁéggniﬁgmg%g | anps in order to provide greater
stability of Light intensity and _color 20 distribution and inprove the
reliability o e PARESRIET swElsmsg Angrumantsy apd smethpds deve dbeenirsaiibashfor t he
. Eizgh f <'r:| eﬂﬂemmt ghfaalaaalgm_l 'hg&hfcélbﬁﬂﬂe@%mstoﬁé, iR ‘Béita ﬁMogtgmquché&ﬂAsmﬁO’ 000
, an . preferably: a frequency .of approxi mat€ , .. As. -

" di scl os eﬁg} gﬂerﬁrg @Jﬁ};?tx?rn%?ﬂcﬁ%ﬁnﬁﬁédéwg%’e %ﬁ?ﬁaﬁ’f?gé%gbﬁﬁ\?‘éamlﬁ? departings ¢ ens,
appar at ubem tadpirittdanddwopé-iof the iventione Ronexbmple geetonts ar sfsphesiAR of

t he st ' ' 1S ' hodol ogy -used for
' gemﬂne@ﬂl{zﬁg aiggceg%ﬁ%{ﬁﬁ%gﬁ%ég ' (ﬁeség{egﬂds’ g%%lhé\% t?\’é‘gg_i&%eﬁg?dscrﬁ%ﬁe 8R%TYsi s
resul t s. UsoBrtesalyze hecHereseenes s9lor epd diorasecnce intersity ofw dinnicod oredtber use
of dayl i ghstemtyousiAR bh QlrdvidlBi 1i ' € - osely
correl at ed, wi,t h }\?i sua eﬁ&t r an];%ﬁtgi&sn%ﬁtgg%&%ﬁ%gﬁoﬁ%ﬁ%%gﬁe .
measur enBHit & GEVFIRL CApgpt CteTHme %‘F%G'T’Fgﬁ%rﬁn tke fugthen appasgt dbgtpeginon of
the gem fe8firdsoof eadnpinbodifieny disclared lnpeittdaapdlesd GERIgEH CinERAMATRN wigieVi ce,
the ZSnStgﬂfEﬁﬁt and %&lﬁﬂéﬂ& illustrated in other embodiments. Accordingly, the above
description should be construed as illustrative, and notin a hm1t1ng sense, and the scope of

the ihvent_ion 1s defined by the following claims. '

i



extrenely fast and reproduci ble color analysis. Finally, certjaanlbfu@tmgé
of the invention, such as the diffuser, overcone substantial difficulties
associ ated with approxi mating visual gem anal ysis nethodol ogy. The.

i nventions and concepts previously descri®ed nay al so be enployed with 35
nodi fication to the analysis of fancy-col ored di anonds and ot her col ored
genstones. In a novel system enploying these concepts to anal yze

fancy- col or aghat & mRELS: and other . col ored genstones, the detector of the
invention preferably detects. light comng fromthe WO 01/61316 117 13 AUG
2004 PCT/ USO1/ 03869 crownsi de of the genstone at a specific angle of

bet ween apprioXi M4 gkMofioft cheSRraRa] ﬁatug&ln%iﬂ% to the genstone's table.
However, according to a 'preferred enbodi ment, the detector nay detect

li ght coming out 3devighkanpseramating lightsgiies: anond or col ored genstone at nore

than onesangl e, eaishigk rSeadeRtiddadilgh @dmendul t aneously, but within a
specific angle 5 ran preferably between approxi mtely 60 and 85 degrees

ange € y / )
relative to the @é}%&%@?ﬁ%ﬁogpoww?det? detret liglitfront Saidlight sogrep Fomping Pyt f  angl es

W thin a spegidficangio@ot thef@RioN Bt 8f a @616 A0WH LEMERH, R¥ed RV Niakbey idet ect or
during detection, using nultiple detectors, using a w de angle detector

and/or til t iafpropRdatset By ’Fa_éijr%?fé‘l‘e; Btdher gem acconmodation surface during
detection. If thendpi@ritRivebntAeRtdioAhbdsirinfligBN@led®d ¥h (M RepddsiResi fic
angl e ra%nge 10 occurs sequentially, for a rotating genstone the sequenti al
change i'H angle preferably occurs after a conplete rotation. According to

this enbodi ment, A fiahbel GRS heurdndtt appdrifid doapeisidg detection, for a rotating
genstone the detector or detectors preferably detect a plurality of angles

within the speci f&%YighprerexipjieeligitiiPict he course of a single rotation.

The system furt hersugRRBsias@mnbdaiig 4 Ghton@qui val ent 11 ght source which
illTumnates the 15 crown si the gemin a diffused way. Wil e

de of
particul ar syst efgight dstsctopprsioaedin detrit figy deonigiddichcwpros exwps pEA 4 or
nMeasuri ng arfectAnyIéiffdch thdysuvilidh @dcetd bt AtaBIBABWR Bmond, whtd duclPfdBRBRAI €Nt tO
those of ordinary  skill in the art that other enbodi nents and alternative
steps are. F6OEAgtedpy A BSparting fromthe spirit and scope of the
i nvention. For exakfalsé; agenstones are often visually 20 anal yzed as to
their, fluorescence. The systens, .instrunments and nethods may be novelly
used to anal yze t*REPYPLBFBTEBALYHR f8’fm%ﬁ%ﬂ”?gllﬁBtr‘@EeE*@ﬁE%S@%%%%‘ftﬁOfof a
di anond or other genstone by using an ultraviolet |ight source rather than
a dayli Et-approxi matirtr;igC ource and a detector, capable of detecting

f1uoresé@nee: |t AWIARORSEOrOn MepRUFeMeRFRPEMES (RISiBEr t ai n  features of each
enbodi ment  di scl asiedidheiprdxifame Bk®Qolee;' used in conbination with 25
systens and instrunents illustrated jn other enbodi nents. Accordingly, the
above a surface for accommeodating 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:



description should be construed as illustrative, and not in <5i1l‘3n'lA‘H(;i\g?-UOIf
sense, and the scope of the invention is defined by the follow ng cl ai ns.
13 AU G 2004 18 What is clained is: 1. A dianond col or nmeasurenent
apparatus conprising: a daylight-approxi%mting |ight source; 5 a surface
for accommodating a dianond; a |light detector positioned to detect |ight
fromsaid light source comng out at a specific angle fromthe pavilion
facets of a tabl e-dd@yuht- ijadmﬂmg\]\}@ﬁrgoﬁﬂ@h a dianond is accommodated by
said surface; and an optical neasurepent device for nmeasuring |ight

det ect ed by sai d #SPg#fe ‘Jeeeompndatings damordyi anpnd col or neasur ement

appar at us corrprl slmggt dete@toﬂﬁdéltioﬂélitoﬂ@t@étﬁéhﬂfﬁiﬂ 4ag IighB%dhres QsthiaL outat $Ur f ace for
a light detector positioned to detect |jight from

accommodatin

said light $ Ssitic glgﬁfﬁm{be RAYIOR facgts OE%taélﬁé‘ew RiamgpeyMaen gk ERBOMERI | i on
facets ob aa&@hh@dd@avaygul@m@g when such a dianond is accommodated by
said surface, a dldé{gfuser @gﬁ_@l cal neasurepent. device for neasuring

| i ght detected by SBTFIOF‘BH‘? (‘]’B‘tg pathpfdefection of; sgiddight debror: apdaeptietent
appar at us Coigsiréhdh@devica fétaidabint ligiRe@X B daliighi @hictosour ce; a surface for
accommodating a dianond; a |ight detector positioned to detect light from
said |light source comng directly from the pavilion facets of a tabl e-down
di amond, when sudie diafioAd@Is thetsRGEANRIERRE df d¥%mIaR dr 3 RRersiHkidGRfacend an
opti cal Breasurerrent devi ce for nmeasuring |ight detected by said |ight
det ect oY 4 COmpEseE? BAENE col or measurenment apparatus of claim1, 2 or 3
wherein said light detect or is positioned so as to detect light directly
com ng from_t he |J|onf cets of a tabledo 30 di amond at .an angl e of
bet ween zerd' to g‘%ﬁfl’@&’f’%? IrymeEyy Eent ?RP@”EI‘@@%@%‘ b pht whaeip gaid ﬁ%faf’%lbl e of
a tabl edown ceinpiiigefglrotorpeifossich a di anond i s accommodat ed by said surface.
5. A dianond col or neasurenent apparatus conprising: 13 AU G 2004 19 a
dayl i ght - approxi mating |ight source;

15 8. The diamond color measurement apparatus of claim 1, 2 or 3 wherein said surface

comprises a rotor platform capable of rotating three-hundred and sixty degrees.

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.



a surface for accommodating a dianond; a |light detector posi t;ijoaeg\ug 2004
detect light fromsaid |ight source comng out at a specific angle from
the pavilion facets of a table-down di anond, when such a dianond is 5
accommpdat ed by said surface; a diffuserfUpositioned outside the path of
detection of said |ight detector; and an optical neasurenent device for
nmeasuring light detected by said |ight detector. 6. The di anond col or

neasur enent 13pparrat damehd slldintbashrenenPipp@ratth f @ifh 15 2bfk WHdbiAcAd 1id) conpri ses
a platform 7. The di anond col or, measurenment apparatus of claiml1, 2 or 3

wher ei n sai §eEHPTIS disected ghpharicertal gnid peigh ofigy dignpasd yhen speha dippandfsanond col or
measur ement agRRRALYSbPdidduahd® 1, 2 or 3 wherein said surface conprises a
rotor platformcapable of rotating three-hundred and sixty degrees. 9. The
di anond col or measurement apparatus of claim1, 2 or 3 further conprising a
measur engnt 1ghantyge dikbidcoddr Me8asdmdatipphadul ¥f @aME! IRFeipsat AfRRMi Whigm such a
dianond is 20 accommpdated by said-surface 10. The di anond col or

measur enent tr&’b"ﬁ@l‘i“agaggﬁﬁ" claim1, 2 or 3 wherein said surface conprises a
rotor platformand a rotor which nay be set to permt neasurenent by said
optical neas rener?lt device during one full rotation. 25 11. The di anond

col or measurlgment & fiampag qolor greaufement appaiREs af Gl whegiy fairkdiffussy is p dightt
partial ly pteyadfisebifky. fromdirectly illum nating a dianond when such a
di anond_j.s accommopdated by said surface. 30 12. The di anond col or

measur enent apparatus of claiml1l, 2 or 3 wherein said surface is white
reference fas punpesesosf colddinddduadnmednNapparatitiet R4 1,200r B3vhefhEsafli jspNd col or
measur enent apparatus of claim1l, 2 or 3 wherein said light detector is
directed at d&“"ﬁﬂr RSR PSP OYIPAOTOf & di amond when such a diamond s
accommodat ed by said surface. 5 14. The di anond col or neasurenent apparatus
of claim2 wherein said djffuser it alight transmtting diffuser. 15 The
di anond col &7 nedsUFERLRdiamAd cAPTmeasPre P iCHIBrSH¥er ei n said diffuser is a
light #5ansm ttiaR@fde frde@mmolink® diabiaddi anond col or neasur enent
apparatus of cl ai ﬁglfl 2 or 3 wherein said |light detector further
conprises a col | 2 h(g]:)t'-apprommatmg 1tlumination source for 1lluminating a diamond when the

diamond is accommodated by said surface;

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:



17. A system for dianond col or neasurenent conprising: 15 a&l@r AU@ 2@@”*
accommodati ng a di anond; a daylight-approximating illum nation source for
illum nating a dianond when the dianond is accommobdated by said surface; a
| i ght detector positioned to detect |igh? coming out at a specific angle
fromthe pavilion facets of a tabl edown di anond when the dianond is
accommodated by said surface; 20 and an optical neasurenent device for
measuring |ight dengedegsr Ryorsadddtind DimélRE ector. 18.. A system for di anond
col or nmeasurenent conprising: . a.surface tor accommodating a dianond; 25 a
dayl i ght - appr oxi redayRgt Fpresmatingiihpnisation seureedhupinaiing e diamopspqrammagated

di anond acogneEdadRe by said surface; a |ight detector positioned to
detect light coming out at a _specific angle fromthe pavilion facets of a
t abl e- down di anorfdEhbeasip aastegedip dstsptdieht fopunediiregilyfran the apvikinadpgelsofiad

bet ween ®Bhe thllé-d6i M@k 8E0MRcIaRA Gy bAiesikfagitd acconmodated 30 by said
surface; and an optical neasurenent device _for neasuring Iiggt det ected by

said |ight detect®Pplicpymeguismentdgyiegfor prashpipelishbfcrcieddn s1id B AetedSnpri si ng:
13 AUG 2004 21 a surface for accommodati ng a di anond; a daylight
approximating illymnation source illum nati nfg a di anond acconmodated by
said surface a | ﬁi’stfa%%éé&awndp@éqrtmeawepbo damel7: 1$ ghk® Tedher pynrtisingct | y
from the pawnldp@dal &aBeEk metanm 1or fradkeb@rdnsfurethaiPnchsacEorpRraatied by said
surface;,.and an opti 8al_ measur enent device for neasuring |ight detected by
said |idft dJewsuemstdegee The system for di amond col or measurement of cl ai ms
17, 18 or 19 further conprising an optical analysis nmechanismfor

processi ng asurﬁnts gea,sure by said optical 10 neasurenent device. 21.
The system fOr di DTSR Br drmapdealir srasprenysnt of cliipg 17 78 onld wherejmsaigher ei n
sai d surf acerfeerPhpEesa Atdrlaormpl atform 15 22, The system for di anond
col or neasurenent of clains 17, 18 or 19 wherein said light detector is
positioned so as to detect light comng directly fromthe pavilion facets

of a tahbe- xdown "ﬂk@fﬁﬁh@foﬁﬂiaﬁqﬂn@é’b@r%e@im&%ﬂﬁ%&iﬁ@f@19&@9%?&2(%{@3%{y
forty-five dsd%%ree,s relative to. the table of a tabl e-down di anond en such

a di amond | SERECHRREPANEYL SR tedhtest Uglit porpiag disgstly from shepaxiliandace)s okf tablemd

col or neasurdemdtanedEahShl€of between zero and approximately forty-five degrees relative to

the table of a table-down diamond when such a diamond is accommodated by said surface.

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;



a surface for accommodati ng a di anond; a dayli ght-approxi mati ,%33 AUG 2004
illum nation source capable of illumnating a dianond accommodated by said
platform 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
di anond i s accommbdated by said platform a diffuser positioned between
said illum nation source and said platform and an optical neasurenent

devi ce for measurd daglight-gtproxaaitRe tiRGhilition sbueke ilnghihatd b R6IoRM ged4. The system
of diamond col or anal \b/si s.of claim17, 18 or 19 wherein said light 30
detector is FouERdBled bupiditurfecs d surface. 25. A systemfor gem col or

neasur ement  conpraifshi\@tectod pssitiohalts dbtedt liBRGORMRGAL it A9pRifc@hgt 8dmIRM 3 AU G

2004 22 a dayl irgigt -a;%proxi mat i n%glll | um nation source il|lum nat_i_r:gj a col ored
gem accomEafEacariaspigred gfm yhen thy gem dypccqpupedates in the eplejug padtionydaidect

| i ght coBi ngudate; at a specific angle fromthe crown facets of a col ored
gem when the gemis_acconmobdated in the table-up position by said 5

surface; a di ffusf‘é#lf_f‘ﬁﬁrsﬁ“?‘lﬂ &6W§FW%11%“&iQWSPWﬁ wesrgAEstee and said
surface; and an QRlbpGal mERASHER MBALe fdEMbRRITQlchiRARIA bshid lighierdl@drect ed by
said light detector. 26. A systemfor gem fluorescence neasurenent
conprising: 10 a rotating surface for accommobdating a gem a |ight source
for illum naki ng AsygRm fcaaMideaRtR6: Myastdineht cOhpisidpg surface; a detector
posi ti oqu to detect 'lgiﬁ%ht fromsaid |ight source com ng out at a specific
angl e fr8m the crPJIARIAELERSE fefraceonupndgtingd %8 acconmodated in the tabl e-up
position by said azfgufa‘oa&eforﬂmaﬁh%&g&@accmaatmmaae&tm&uﬁﬂe,d l'i ght
source and said suyfface; an optica .ma%rzurema,nt devi ce for measuring |ight
detected by sai d 29tHRPT RASHERIISP ooy lishffromrid ishicporisr enminp et at swestic

i nstrunent  ahgle remmhakrbwik t288¢ ofGRBREddHecRGcebndhddhids 81 the BBle 2B podvidiiyhad of
anal yzing the color of a non-fancy-col ored dianond conprising the steps
of . illumnind%§ a tabl e-down dianond with a diffuse daylight-approximating
li ght sagrce; detaekffisagobiienddibaiieerd faiMghh@uick GhY safQUFER; COMi ng out at a
specific angle fromthF 25 pavilion facets of . the di anond; measuring the
detected |ight witRPUA BRSTERF. dRYes fPemeaiiringdighidstected by said light detector.

27. The diamond color measurement instrument of claim 3 further comprising a 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.



anal yzi ng the nmeasurenents with an optical analysis nechani swﬁ &QQ\U‘&;DW}
nmet hod of anal yzing the col or of a non-fancy-col ored di anond of claim 28 30
wherein said step of detecting conprises detecting |light com ng out of the
pavilion facets of the dianond at an ardf e of between zero and
approximately forty-five degrees relative to the table of the dianond. A 3
AU G 2014 23 30. The nethod of analyzing the color of a non-fancy-col ored

di anond of ceai mﬁ&meftnwfoh@{alggﬁlgmeic%ioaef:mﬂ-fﬁ{&aomedrd%@m Bklsial 4
e

t abl e- down dtj'mghrmnd during sai sfep..31. The nmet hod of anal yzing

tectin
the col or of eﬁBmﬂrg%ibecﬁpdﬁféﬁatﬂ*ﬁé%Hglecﬁpwéldﬁff}?f“éé“@gfsﬂﬂfiﬁéﬁfﬂnéétﬁﬁri si ng
the step of rotating said table-down dianond a total of three-hundred and
si xty degrees durjng said detecting step. 32. The nethod of analyzing the
color of a min-f aﬂ’c‘?ﬁneé}t?fi(?f%‘HlyaingHi’fr?ﬁloéPipﬂoé‘Tfﬁ‘i"Zﬁolowqélfaﬁoﬁd ebliimep of
i |1 um nai nguekFpshsBhgithd st off adtdig sl tablelodAVlznBRE a RRDbORIARLARE ddaght . 10
33. The nethod of anal yzing the color of a non-fancy-col ored di anond of
cl ai m 28 flﬁ"i%gfigr??ﬁpﬂﬁﬁgﬁl%&“fxﬁ’é‘gé%p of placing the dianond, table-down,
on a platform 34. The nethod of analyzing the color of a non-fancy-col ored
di anond of cJ.ai m_30 5 further conprising the step of placing the dianond
on a platfort encﬁlﬁ%@"d%@alpﬁ@gHﬁ’tcﬁbﬂoﬁf‘fm&ﬁﬁ}cyfi’lﬁﬁd@ﬁ@oﬁ%?f(ﬁlal’@fzg
non- f ancy- ¢ ollerdisaat aetahafinghatdmpRed iihiRaing O 1ShReppetasileignd | ght
com ng qldt at a second specific angle fromthe pavilion facets ofg t he
di anond.’~20 36. The nethod of claim 35 wherein said step of detecting |ight

conming out a3.a SERGEthodSPARIYkIngG (RRGIE oLtk Enc§cBldll ARBRHS biclini?g I espect
to said ste t. com out at_ the first specific angle. 25

of detecti | i n

37. A net ho%“%tferﬁ‘?fa?l%ti’ﬁﬁge Sfeﬁg’ elaring ‘hﬁgiaglo%ﬁﬂb\leaq?&‘%?,‘bmﬁtgﬂmdi armond
conprising the steps of. illumnating a tabledown dianond with a diffuse
dayl i ght - appr.oxi mating li ght source; detecting light fromthe |light source
at ya gl ur alog%ta'y omﬁﬁé’ﬁ’é’g Ogﬁ“lzjﬁriz"ﬁ‘g&’escﬁlé’é?ffﬁ f&?“éﬁ&?‘é"lo%éﬁﬁé“oﬂ‘? Bﬁﬁl"liﬁé’ogavi l'i on
facets asdi aumed conblisiRAsdpdd plabife Qe RGLEL 4 @hkorichdloan. opti cal
measur enent device; and anal yzing the nmeasurenents with an opti cal
anal ysi s nmechani sm

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.



