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stated a needId practide, dlagiohd @alityt ddalyszds optimally 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 involves 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 specimen. Finally, the process includes intensive visual comparison
of the diamond with a reference set of diamond master stones that serve as a historical
standard with respect to diamond color and clarity.
The foundation of diamond analysis 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
continuum. 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 colorless 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 ifistrument that can
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yellow filter. According to the method of the invention, the instrument user subsequently

25  compared the two transmission magnitudes detected by the photocell and looked up the
results in a table organized along the D to Z scale to determine the index of the diamond's
color.

Although the Shipley Colorimeter provided a type of color standard for many
years, that standard did not precisely correlate with historical visual analysis standards for

30  several reasons. First, the geometric relationship between the diamond, the light source
and the detector did not approximate that of visual diamond analysis. Second, the
tungsten filament lamp, though of fair output stability, did not provide the type of daylight
conditions which have been the standard for visual analysis of diamonds and other
gemstones. Third, the photocell detector did not register each individual frequency in the

35  spectrum of visible light, like the human eye, but rather tracked the change in an overall
spectrum magnitude resulting from the change in light filters. Thus, although the Shipley
Colorimeter provided a highly useful and innovative instrument for non-visual diamond
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wi thin the spectral band of Tnterest treates an undesirable tine defay in

recor di n@ha{ngglgt feqrsariss Vg iy ﬁ]@;@pqufal band of interest. Okazaki taught away from
25  directing light into the pavilion side of the diamond in the mamner of visual analysis (Col.

1, 11.38-39) and did not detect, either directly or indirectly, a specific angle of light coming
from the diamond. Additionally, Okazaki's use of a photomultiplier tube and his
sequential measurement of frequency response within the spectral band of interest creates
an undesirable time delay in recording the transmission spectrum.

30 The 1990's have seen several variations in diamond color analysis instruments.
For example, the Austron Colorimeter 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 tungsten lamps, and directed their
illumination into the crown of the diamond. These instruments 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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What is needed is a simple system and instrument which reliably and consistently

approximates historical visual analysis methodology, including, for example, detection

25 methodology, light source composition, illumination angles, and the use of historical

visual analysis standards in order to correlate instrument results with historical precedents.

There is further a need for a system and instrument with a stabilized output of daylight-

approximating light, which can compensate for electronic drift, and which can reduce the

hindering effects of light dispersion and direct reflection which occur when mechanically

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

purposes.

Summary of the Invention
The present invention comprises systems, instruments and methods for analyzing

gem color in a way which reliably and consistently simulates visual color analysis
35 methodology. The preferred embodiment of the present invention comprises several
aspects, including the use of daylight-approximating lamps, such as daylight-
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a single rotation of the dianmon
separate pieces or as a single unit. For example, in the previously described embodiment,

25  the light source may form part of an integrated unit with the rotor or alternately be
provided separately. In another 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

30 device, as in the case of a diode-array spectrophotometer, or may be provided separately.

In order to overcome difficulties associated with visual analysis geometry, a
preferred embodiment of the invention includes at least one of several innovations to
increase system stability and reliability. In a preferred embodiment, the system includes
high frequency ballast in order to stabilize the daylight-approximating light source.

35  Likewise, in another preferred embodiment, the system includes a light diffuser between
the light source and the gemstone which serves to reduce the hindering effects of
dispersion and direct reflections caused by the kind of illumination used in visual color
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conprise an integrated unit with the |ight source and the rotor. The
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25  the detected light with an optical measurement device and analyzing the measurement
data.

As for systems and instruments, it is one object of the invention to increase the
ease by which individuals may obtain substantially reliable gemstone color analysis. It is
another object of the present invention to overcome the difficulties associated with the

30  application of visualtanalysis geometry to a mechanical analysis system. It is another
object of the invention to provide a stable and reliable system for gem color analysis. It is
another object of the invention to reduce dispersion and direct reflection during gem color
analysis.

As for the methods of the invention, it is an object of the invention to provide a

35 method of color analysis performable by individuals with little technical training or
experience in gemology. It is a further object of the invention to provide methods which
permit such individuals with little technical training or experience in gemology to reliably



di anond, neasuring the detected light with an optical neasurenent device
and conparing 20 the neasurenent data agai nst historical precedent.
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pavi | i onay densstentleobtain aemieutamatd obyriahalysesnapcerding Bt viveal tcolor healysibl e of
the di amppd duiobpg rotation, nmeasuring 25 the detected |ight with an
optical neasureffent device and anal yzi ng the neasurenent data. As for
systens and instrunents, it is one object of the invention to increase the

ease by Bﬁbﬁbegdﬂlgtlyﬁ@p@llgq)raﬁﬁ_lggbt ai n substanti aI I y reliabl e genstone col or
anal ysi s. gg anot her ob ect QtZ{tYngﬁ esen ention o overcorre t he
Gt oulties ReEERRSivReTmeina biist ApPPaa PhHedoy e HEhGHS W Sdgdonst - y
to a_s;rach;aﬂ]nuctﬁelite aoakiyae mlsylam&yms k)'isteln]?s armm@@mmlexﬁbjfﬁoisle@fs disssed iemir. on L 0
provi de &, stabl.e an st em.f,or .gem col.o al ysi anot her
Db ect ot ™5 HENife et dofileR deferlptEh SRucsEou g Bt AR v pr lpasfiiyfr g
gem col oand anablymtmded\m lirpit thedssopeofibd snvehtiomas sehfoethtindlng afpendesl Aainsbj ect

of the I nvent xony @, RrQvhdf bBx g@z?ch@ﬁlﬂﬁﬁn%ed%%ﬁ@a@ﬁ?h%ﬁigﬁt-ﬁﬁg h{mﬁge by

i ndi viduals wt training or experie
is a furﬂH@rﬁSC@mJé@m%hlghﬁr@qilw&ﬂ?@ﬂaﬁﬁnw PVBYi de nmet hods which permt such

i ndi v dual S WFi 2| dHoWseant ecftﬂi/é“vwwﬂgf Qrligh¥ @@ﬁsﬁ%ﬁﬁeﬂ Gptﬁeé%leogf’ alo

reliably WO PCT/ 1 and ¢ I sten ta

seni - aut JHRl ma%@fstgg Pé%%&%tr @.Vﬁl&lqnowvﬁstﬁawa‘els ¥e°§ﬁ *Ptyaé’i gngle of

met hodol b@yVeeledarﬁfanﬂ)%pplfob(ﬁﬁat@lly f@fty-tﬁ‘ire d@g@m f@awlaaf) ehetibl ofSthoeable-towle to a
bri ef deacrl i nt ended

d Ly
et oncaibioly T e A5uPhE S S AR Bhihe dORPE Ruatopk” it HRbAE
her ei n. prﬁtfermialad/\duﬂ@tseraamds}w@trawithmthl@hgirtlbpkloﬁﬁlgz\ﬂl ch follow are intended to

b ly ill if
Do TBE €1 1 11 5 53hb e an e 8 fpBhe VNG B A i R AORE: Blsibe
whi ch i sinVERRH Wherei tb@xélran@aé nbposele@ne giabledopmoRn r&srptomlatﬁonnowb@r@@rﬂle| anps

(hi gh freAsensforals él‘féIOS&PBy 8 Rlringléhahitdr. A SRS s@ﬁarﬁﬂﬂég kiR et spgeki ve

vi ew of | i ght .sensin i ber optic cable of a sinplified enbodi nent of
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and appr oxi maFgl ¥ thowy thd embdeipiene ofrEikati withtw theemeasukiag ofhatnber and
tablf_bdom d| anond when the dianond is accommodated on the rotating

pl atTor e rotating platformand diffuser are shown within the |ight
box of Fig. 1Fig. 5 shows an angle perspective view of a preferred integrated unit embodiment

of the invention wherein a fiber optic cable is contained in a light sensor housing and
positioned at an angle between zero and approximately forty-five degrees above the rotor
platform.

25 Fig. 6 shows the embodiment of Fig. 5 with the measuring chamber in the fully
deployed position. ‘

Fig. 7 shows an angle perspective view of an alternate embodiment 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 alternate embodiment of Fig. 7
where the swingle arm is in the nearly closed position.

Fig. 9 shows a composite view of an embodiment of the present invention with a
correct- for-drift feature 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.



15 Fig. 3 shows an angl e perspective view of a sinplified enbodi rent of the
present invention wherein the dianond is positioned, table-down, on a

rot or pl alvigogimgizigherein the rotor platformis encl osed by@E/vassssh Ng
chanber. A diffuser separates the |ight source (not shown) and the

di anond. Fig. 4 shows the enbodinent o8 Fig. 3 without the neasuring
chanber and 20 diffuser. Fig. 5 shows an angle perspective view of a
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conprising a second fiber optic cable dirrected at an angle between zero

and approximately forty-five degrees into a reference naterial neasurenent
35 chanbbeta ce platform nmade of the same material and having the

sane)@i ff userpigag JHaG s BRSHASSHRRENICS bf @RdsysRhPbf El{eaﬁlfegéﬂ@imyé@tigﬁ/a§l3l6
PCT/ USO1/ 0%869 10 sho ated 'view of t stem of _ t he

[ 8 Fig. WS an_Jnte S )
present {US71R3RC R useEqTEig: 18 thif sar Pfhgmﬁntﬁé% ,symgam@ﬁmatﬁwé{/ Pfdighpt i cal
measur engpproxdmatiog lardptla whiok @seddesad ghtgyikdeodkin b dhat Wited rvwsiswadd calg! e
per spectjv

rear or@ist 8 el et ko R A Sahort i M S B s BT RLE 11 gt
det ect or lighg| tatxi Ak and prdvadgs| aiteflwadillwoinatboer) 2 igsmadheneidshoyni cpoineiloni ng
e By DS IERRET,  UOL F FLgagn
enbodi nehghtdpusssrand ¢f dipmend i o8ier gemsteae.ple demembedimgn hewasin Bigst) bsed for
use her ejfdighNaprbSnRRRSUMAEN a dhyIBhEYSHBRIMEARR e calt 188 SkePREVISaY | | ght -
color analysis such as an Osram Biolux 72, Verilux F20T12 or Gretag Macbeth
F20T1265. However, other lamps with a color temperature of between 5500 and 6500
20  Kelvin having a high color rendering index, preferably of at least 95, may be beneficially
employed. The light box has the approximate length of the preferred daylight-
approximating fluorescent lamp. The interiof 22 of the light box 20 preferably has either
white or light gray walls.
According to another aspect of the invention, the system novelly creates
25  illumination by modifying a halogen light source having a high color temperature,
preferably above 4000 Kelvin, and a filter that boosts the color temperature to daylight
equivalence, 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 approximate daylight conditions.

Fig. 2 shows a simple embodiment of the measurement instrument of the present
invention along with the light source and light box of Fig. 1. According to this simplified
embodiment of the measurement instrument, a light detector comprising fiber optic cable
30 is directed, at an angle of between zero and approximately forty-five degrees, at the

35  pavilion facets of a diamond 40 which is positioned table-down on a rotor platform 50.
The rotor platform 50 is in turn connected by a stabilizer column 60 to rotor 70. The rotor



approximating |anp 10 which provides a |light source akin to that used for
visual color analysis of dianponds. According to this enbodi nent, the |ight
source i swepRlsis@ned in a |ight box 20 and provi des over hegdgdohfosgeh nati on
for a genstone (not shown) contained 15 within the |ight box. The |ight box
of Fig. 1 may be of any size capable oD containing a |ight source and a

di anond or other genstone. In the enbodi nent showmn in Fig. 1, the
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down position, by a surface, rotor platform 50. In Fig. 3, rotor platform 50 is rotatably

25  connected to rotor 70. Rotor platform 50 is also enclosed by measuring chamber 110 and
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 light
transmitted from above the diamond. According to a preferred embodiment, the

30 measurement chamber 110 and rotor platform 50 are made of a reflective material, more
preferably a diffuse, reflective material, and most preferably a diffuse, white reflective

material such as polytetrafluorethylene (PTFE). Other materials such as barium sulphate

or Spectralon® may be used provided they have minimal specific absorption in the visible

and near UV spectrum. In a preferred embodiment, 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 least partially seals the top of the
measurement chamber. As shown in Fig. 3, the measurement chamber is preferably a



between .06 and 1.0 nm and in the nost preferred enbodi nent is nade of
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rpm al t hough a nunber of rotation speeds can be used provided they are
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rotor platform 50 rotates detector, er optic
cabl e 30SPeqipRIOtametaR shqn&ﬁttheé WH’@ (&gpgea etyeen gem analyses. Alternatively, the

25  calibration readings and/or recalibration of the instrument may occur automatically

between gem analyses.

In a preferred embodiment of the measurement instrument portion of the invention,
shown in Fig. 5, fiber optic cable 30, rotor 70, the rotor platform 50 and the measurement
chamber 110 are all integrated on a base 140. Thus, the rotor, rotor platform and light

30  detector are part of an integrated unit that maintains the proper geometrical relationships
conforming to visual color analysis methodology. As shown in Fig. 5, the rotor platform
50 may form a unit with cylinder 150 which stabilizes the rotation of the rotor platform.
The fiber optic cable 30 (not shown) is preferably contained in light detector housing 160
such that the detecting end of the diamond cable is positioned at an angle between zero
35  and approximately forty-five degrees above where a table would rest on the rotor platform
50. The light detector housing 160 may have a collimator (not shown) and a light conduit
170 to ensure the correct angle of light coming from the gem is detected. An optional



5 specific angle fromthe pavilion side of the rotating dianond. Fig. 4
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di ffuser Wwailegsmved. The geonetric relationship between dicangdadosdde r ot or
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platform 50 may optionally be stabilized by a 10 circular stabili zing
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In the case of simultaneous detection, for a rotating non-fancy-colored diamond the

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 preferred embodiment, the light detector detects light 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 collimator or

other detection-narrowing device is used, the preferred distance from the diamond will

increase as the field of detection narrows. Likewise, within the preferred ranges, the

distance may also increase with the narrowing of the fiber diameter. Similar adjustments

within the preferred ranges may be made, for example, to adjust for the particular height

35  selected for the rotor platform or adjust for diamond size and position. 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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small wheel 240 gradually increasing or decreasing its distance from the base 140,

depending on whether the motion of the positioning bar 250 is clockwise or

counterclockwise. In the embodiment shown in Fig. 5, the armature 210 rests across the

width of the small wheel 240. By moving the wheels 230 and 240 using the clockwise

30 circular motion of the positioning bar 250, the armature 210 and measuring chamber 110

will gradually and steadily be lowered into the deployed position as shown in Fig. 6.

Conversely, the armature 210 may be raised into the non-deployed position by a counter-
circular motion of positioning bar 250 as shown in Fig. 5.

According to the embodiment of Fig. 5, the positioning bar's movement is

35  restrained by a slotted track (not shown) located in a coupling piece 260 which couples the

two wheels 230 and 240. The positioning bar 250 is rotated through the track (not shown)

until the positioning bar reaches stop 270, at which point the moveable measuring



may optionally be nade to adjust to changes in the dianeters of the

measur enent chanber and the platformor changes in the distance of the

di ffuser ¥woaneihg genstone. Al t hough WO 01/ 61316 PCT/ USO1/p366d1/038d9t he
specific angle of light fromthe gemto be detected may be detected
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such as shown in Fi preferred. In FI% , the preferred neasurenent

i nst r uneehandEnp i 4 glﬂéx dmbeesb pleoverthamiatngeriat thaiﬂ)eStomﬂd OHbs prgvmts themat ur e
210 and ﬁlo%szflé’g@é; s%%ﬁrenﬂ_ bt eA EronP bQﬁ@SM%P@ﬁ”}n ahagh&s: Wih Wul@e

W thdrawn in or ermt access tQ therotor platform50 durin
pl acenentnterfrge yath the patiaf detsghom: fos ding lighi dletogtogntbe gotption oftheipfer p 9@ab| e
nmeasuri ngr gleapropsr dddndray nt@sﬂemb@we@htﬁ)ﬁstﬁp\teﬁvéeet 10E viakiohd elefchfd ¢fuihbng

i ght, detection and stabilize its _ rotati

ot STSTOSOR OAEBR 1 ol 8t BOLGT SHBT00 oy R 220
wher ei n atmndjmmayj I lick&Pinte pogitiors dwing HghtrdeteatiolnaMha 2thbodimminn gf Figs. 5

hori zont I - r 0 bar
222 1o s HRIRHPRRRIA G BHloR 3 (aliRld ORANY AP U 3R nd s 37,
225b r etﬁpedubvﬁe Istﬁatlm cnds¢amgisient Phasemenip pf rﬂge @ﬁoweheleammumreenm 1@1ambdr t he
Stat'Onaﬁﬁw@P&“Bﬂ%Pﬁmmﬂﬁﬁ&ﬂEn&ﬁﬁﬁ&ﬁéh@QmWH% hQBnHH Bé%&%%’ eand
moveabl e neasur enent chambe bet ween dep oyed and ‘non-de
p05|¥QonQWS¥@eA§@5rdlng to one aspect of the invention, the neasurenent

i nstrunment pr Pig' deshov@y an ahdaP¥rspeHIB| &tﬁﬂhltéiﬁé(t@r@ﬁﬁodﬁﬁeﬁth&’ A& MBVdAtien and
urement chanber, and, ens

th t
for the ROSEH Dol CERanBUPPLTS b PO SR g hAGRE B mb o fidhe ochr "
rel ati onpﬂnpp&sdxﬁmemgummcémmtion Thiesvasgie atm @B80trhay bawmivhblprattadied to

Peasur eniiPEOHAEERIAT mAFbI T Biut BL AOn BRI AR SR BUREDE | o1
of tHe nihasderdowsdt poslhett,rthmm neaﬂ}t eployed émtFignBentHign 8 deroowstiaies Fibg. 5,
has ar OéﬁBéﬁ&eﬁ\@S?hgfoﬂ PS%@%Z& B2l &t 986 % ﬁr@ﬁﬁ; t’tf“gﬁ e ArlddRup! ed

to a non-centered osi tionin runni ng
hor i zont EfPrgRae O Rfer s hgl%ﬁt@éqogor coBdut ilZ!F) (30 shewe) Sojihat theuiser eAONGKe 8 t he
enmbodi ”Eﬂiﬂ(?fmh ||n Fig. 5 the two wheels gre ggto concentric such that 25
rotating bot ee vin itlonin ar in a ar no on
osan o9 not g BaroUpd b Poblaut e TeRrmd cnybet Gl sl i
di st%mcendirr-deplom thade Thtineastdepmntchagiben 1 Whatadierlotheylmded, odthah dplaﬁng

it I i: Sie. h i t
Bovn + i SREwARR, dnfel BEIVHES L cn R EALRTON R deldbedn A BQR T
wheel 24this eybwdmen@ ﬂtehlelewble@ll%ﬁ plymband 10 49alge intgerated vclﬂo&tmngetumﬂl;q rcul ar

mot i on OHo%%rP@é'rﬁéd%ﬁfeﬁﬁnpﬁ{arrﬁﬁpan& DR B R BrefnbtelF BE pPRAG s RepdriaTher
110 will, gradua steadily be lowered rnto the depl oyed posjtion as
shown i nPiESss: 48 flu%tler shown in the elbodiment of Fig. 7 the measurement chamber 110 is

25  covered by diffuser 130 which is integrated within armature head 320. Alternately, the
diffuser 130 may simply cover the measurement chamber without the need for an armature

head. Moreover, although Fig. 7 discloses a moveable measurement chamber, in an
alternate embodiment, the measurement chamber is stationary and the light detector is
moveable to permit placement and removal of the gemstone.

30 In another embodiment of the present invention, shown in Fig. 9, the system
includes a correct-for-drift feature comprising a second light detector further comprising a
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 primary measuring
chamber and rotor platform. The second light detector comprising fiber optic cable 400 is
positioned at the same angle with respect to the reference platform as the first light



Conversely, the armature 210 nmay be raised into the non-depl oyed position
by a counter- circular notion of positioning bar 250 as shown in Fig. 5.
Accor di ngvo o1/613e6 enbodi nent of Fig. 5, the positioning bapCHUsOMBE®Nt |S
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260 which couples the two wheels 23014nd 240. The positioning bar 250 is
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device, namely a diode-array spectrophotometer, the diode-array may alternately form part

of the light detector housing along with the fiber optic cable. Alternately, the light

25  detector may comprise a spectrophotometer with a collimator lens which detects light
directly rather than through a fiber optic cable.

According to the embodiment shown in Fig. 10, the optical measurement device

600 provides measurement data to the optical analyzer, data processor 700, which in turn

compares the measurement data against historical precedent and/or converts the

30 measurement data into standard CIE color space. The data processor 700 may also assign

the gemstone a color grade that accords with historical precedent or simply identify the

gemstone. The results of the data processor's analysis may be optionally displayed on

monitor 800, printed out on a printer or electronically stored. The measurement data itself

may be graphically displayed in addition to, or in place of, the gemstone color assessment.

35 According to a preferred embodiment, shown in Fig. 11, height adjustment, angle

adjustment, and distance adjustment for the light detector relative to the surface for

accommodating the gem is achieved through a positioning assembly 900 which is



al ternate enbodi nent, the nmeasurenent chanber is stationary and the |ight
detector is noveable to permt placenent and renoval of the genstone. 30
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Teasur ement Tiing E’Egre % 1}18&98%%@@2 Er?%ntlg e%%éo%&%gttg ra{%tret{:rre& method, a

di ode-array
diamond 40 is placed table-down, on the rotor platform 50, illuminated with a daylight-

approximating light source and rotated through three-hundred and sixty degrees, at a fixed

speed, while light is detected by a light detector through an opening in the measurement

chamber 110. The light detector transmits the illumination response of the gemstone to an

optical measurement device 600 which in turn provides measurement data to a data

30 processor 700. The data processor provides a final color assessment by averaging

measurements taken during a three-hundred and sixty degree rotation of the gemstone.

This rotational aspect of the invention improves repeatability of the result, particularly for
poorly cut diamonds.

According to one aspect of the invention, the processor may average each

35 measurement giving each one equal weight or, alternately provide a weighted average.

For example, the processor can provide a weighted average corresponding to the visual

analysis positions used for visual analysis of fancy-shaped diamonds. For all gems, the



of the light detector housing along with the fiber optic cable.
Alternately, the |ight 25 detector nay conprise a spectrophotoneter with a
col | i mat owwd @m33whi ch detects light directly rather than gdigeglssaefi ber
optic cable. According to the enbodi nent shown in Fig. 10, the optical
measur enent device 600 provides neasulenent data to the optical analyzer,
data processor 700, which in turn conpares the measurenent data against
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whi ch gnéﬂ?ﬂ agatusep, émili metloqod ﬂe light detection mechanism of the systerg J

25  approximates visual color analysis methodology used for gemstones, the invention comes

First, because -t

closer to achieving visual color analysis results. Moreover, because the system of the
present invention makes use of daylight-approximating light, the system achieves results
more closely correlated with visual color analysis. Likewise, because the optical
measurement device may make multiple measurements for a single rotation of the gem,
30  for example using a fast spectrophotometric measurement device, the instrument results in
extremely fast and reproducible color analysis. Finally, certain features of the invention,
such as the diffuser, overcome substantial difficulties associated with approximating visual

gem analysis methodology.
The inventions and concepts previously described may also be employed with
35  modification to the analysis of fancy-colored diamonds and other colored gemstones. In a
novel system employing these concepts to analyze fancy-colored diamonds and other
colored gemstones, the detector of the invention preferably detects light coming from the



20 neasurenent instrunment to be securely placed over cylinder 150.
Alternatively, in a non- rotating enbodi nent, the entire neasurenent

i nstrumenivo ¢giesedi ng the platform is freely placed wthorideithsght box
20. As above, the illum nation source and neasurenent instrunment may

conprise an integrated unit. Turning tb/ exenplary nethods of the invention,
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the r ot oFroynside thesgemstoneatsaccfic angltobbatagin approximpishios) met $degreaght
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i nvention prefer for ro I ng
t hr ough gﬁﬁ@éﬂ%bﬁdﬂ@ﬁ aa ra;ﬁl@&@yllgiégp@r@s ratherdharga d@ﬁtghbraepr@mnﬂtmgcsomm ses a

conti NuoYsd d\edectt c@pabls HE BetBdtify SYGHERERNY. Crt JviM&e! fuftfter apparent that certain
features of each embodiment disclosed herein can also be used in combination with
25  systems and instruments illustrated in other embodiments. Accordingly, the above
description should be construed as illustrative, and not in a limiting sense, and the scope of

the invention is defined by the following claims.



continuous duty notor. In accordance with one object of the invention, in a
preferred enbodi nent, the 1invention uses a high frequency ballast in

conbi nat i @iy wsiliedayl i ght - approxi mati ng fl uorescent | anpediuwidsgsot o
provi de greater stability of light intensity and color 20 distribution and
inprove the reliability of the neasurelfent data. In a nost preferred

enbodi nent, the high frequency ballast has a frequency of approxinmately
30,000 and 70,000 Hz, and nost preferably a frequency of approximately
35,000 Hz. As disclosed herein, the invention has several advantages over
prior syslgms, apparatuses and nethods. First, because the |ight detection
mechani sm of the sys(i_em %5 approxi mates vi sual col or anal ysis net hodol ogy
used for gemstlonesz‘ 1REONG, GRIAT TGP UEERHEE apN2EIET CAIPTE¥M evi ng vi sual col or
anal ysis results. WMomggesbr ad@@ﬁ@;tﬁi@tiﬁé]@dﬁﬁﬁ{h@;m of the present invention
makes use of daylight- oxi mat.i.n ght,, .the system achi eves.results
nore closely correggltg@g%%ef r\HOEILt}gﬁedctﬂ g?técér}ba%é:%gl}nﬂ_?ﬂte% L SPeiie AnelS ¢t he
optical fioeabeapevibon faeisiafe taEy-doekeliaménd, phen sedsuidiemend $s 4c0omanogaied| e
rotati O”bggaiglgﬁzf&%"&? 0 for exanple using a fast spectrophotonetric

measur eneht devi ce, e instrunent results in extrenely fast and

repr oduci bl e col or amABiiga measyrpment device sppableof maewriag light détectehbemaifion,
such as tibg didcfgpser, overcone substantial difficulties associated with
approxi mating visual gem analysis nethodol ogy. The inventions and concepts
previ ously described may al so be enployed with 35 nodification to the

anal ysis of fancy-col.ored,di.anonds and ot her col ored genstones. In a novel
syst em enpl oy?ng t AURMERGH EYUBE LeFYTeRmED DRI ed di amonds and ot her
col ot®d genst ones, atirdacdebesicomnaldatitiea diaxentj on preferably detects |ight

comng fromthe WO, Q1/ [LS01/ 03 17 crownsi de of the.genstone at
a specific angle 'of qé@? \]quféegtog pg(%f?x?e%&ae&??g%dlgixﬁgoggn%%ﬁ, %te% Spefcéﬁia n@% to

t he gensfionethe pavibpe faceks\dndable-dowordiiomund; when pecdf dinmdné nbadomervdated he

det ect or Ry qdgteget |ight coming out of the fancy-colored di anond or

col ored genstone at _nore than one angle, either sequentially or
si nul t aneously, but diffussi; 8@ specific angle 5 range, preferably between

approxi mately 60 angoffcall @@hagsmes Riic¥Rapddld HEmeaEhe Hghbdetéd By sdile
det ecti on of Pl urality of angles within a specific angle range may be
acconpl i ﬁlétdiegi‘? %oving the detector during detection, using multiple
detectors, using a wde angle detector and/or tilting the platform or

ot her gem acconmodati on surface during detection. If the detection of a
plurality of angl ed dismbnhcaospersufantenaapaeatnacrgeprisihgccur s sequenti al |y,

for a rotating gengioR&ctde &gﬂmgﬂg- §halagg- in angle preferably occurs
after a conplete rot_ati&gn. ?Acco_r_ I nlﬁ%% 1'?Tﬁlllg_s&’enbo,di ment, in the case of the
a light detector positioned to detect light coming directly from the pavilion

20  facets of a table-down diamond, when such a diamond is accommodated by said surface;
and
an optical measurement device capable of measuring light detected by said
light detector.

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

said surface.

5. A diamond color measurement apparatus comprising:
30 a surface for accommodating a diamond;



si nmul t aneous detection, for a rotating genstone the detector or detectors
preferably detect a plurality of angles within the specific angle range
within thegawise of a single rotation. The system furt haicogmpossses a
dayl i ght - equi val ent |ight source which illum nates the 15 crown side of
the gemin a diffused way. Wile partildul ar systens, instrunents and

nmet hods have been described for neasuring and anal yzing the color of a
genstone, it will bdighpdaiceior positivhessty ddtedrlighhaoyning kit bt & spedific anglet hat
other enhgal (B BhaLig hollslotaNMIb B | ERRorRY R1BRSHY Giatlohd BhccHRRRIdhIc0Y
fromthe spirit and scope of the invention. For exanple, genstones are
of t en vi QY8 yurfiseanal yzed as to their fluorescence. The systens,

instrunents and mepGiftisenpositRed ou@ldeYhe piR df EQectivnl of BgidtINGt fdtb@beas@nce
color_and fluorescence.intensity of a dianpnd or other .. genst one by .ysing
an uldraviol et |1 gfit SRUSH BEATEEHER doRich CaPHRAS P BRIV ST sy PL ot ce
and a detiglttdetecoapabl e of detecting fluorescence. It will be further
apparent that certain features of each enbodi nent di scl osed herein can

al so be used in conbination with 25 systems and instruments illustrated in
ot her enbodi ngnts. ng‘&%ﬁinﬁ%)’ r.rﬁé&@ur%&%ﬁ@a}%%%fsr%fpélﬁﬁm,5?8%'5@v ?eiﬁzgﬂﬁt rued
as illustrative, and not In alimting serise, and the scope of the

i nvent i ofirfase gemprisas aplatfore f ol | owi ng cl ai ms. WO 01/ 61316 PCT/ USO1/ 03869
18 Cainms 1. A dianond col or nmeasurenent apparatus conprising: a surface
for accommodating a dianond; a |light detector positioned to detect |ight

comi ng out at7a sp®hé tiagnondPobor nheabiireMeht wppRavis ¢ flaitraCet 6r Ofwlrdimlbhig- down
di a i s acconmpdated by said surface; and an

d, Wgaen such a di ?m)tl"lag
opti tal TEESHPURRHISFSII% &1 Rh| e of measuring |ight detected by said
| ight detector. 2. A dianond col or neasurenent apparatus conprising: 10 a
surface for accommobdating a dianond; a |light detector positioned to detect
| i ght coming 8ut afThadwpweidicotor amgleremenioapparauspefvdléinoh, 3 a2 wdierdin aaid

t abl e- dowprb @%Bﬂses‘é(‘}%{bri nﬁcgfgaiﬁ@Sﬂo{ 'n@@lﬁ%%gglg%}egqlé? %@’;‘? ; esurface; a

di ffuser; and 15 an optic measur enent device Ing |ight
detected by said |ight detector. 3. A dianpnd color neasurement apparatus
conpri si ng: . .

P g 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

15  such a diamond is 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.

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

12.  The diamond color measurement apparatus of claim 1, 2 or 3 wherein said

surface is a white reference for purposes of calibration.

13. The diamond color measurement apparatus of claim 1, 2 or 3 wherein said
25  light detector is directed at a horizontal mid-point of a diamond when such a diamond is
accommodated by said surface.



a surface for accommopdating a dianond; a |light detector positioned to
detect light comng directly fromthe pavilion 20 facets of a tabl e-down
di anond, waan/esseh a di anond is acconmodat ed by sai d surf agayusoaisksan

opti cal neasurenent device capable of neasuring |light detected by said

| ight detector. 4. The di anond col or n#asurenent apparatus of claim1l, 2 or
3 wherein said 25 |ight detector is positioned so as to detect |ight
directly com g fr diredieenque\doldrancabarestest apparatust eflel @mdbwheminasmhdiffateran
angl e of ; et roximately forty-five degrees relative to the
t abl e of lﬁéﬁ?gﬂﬁﬁmﬁnédggﬁgﬁd, when such a dianond is accormmpdated by said
surface. 5. A dianond col or neasurenent apparatus conprising: 30 a surface
for acconmodating a_dianond; YD 01/61316 PCT/ US01/03869 19 a I_i&ht
detector posi tPonedhf d1amandcolarimaasuremsntappaiafusal chamsywhetem sgith@élusery om

t he pavi s Dhglt aeesiteig @iffuadl e- down di anond, when such a dianond is
accommodated by said surface; a diffuser positioned outside the path of
detection of said |ight detector; and 5 an optical neasurenent device
capabi e of neaguri | 4k i i det ector . _The_di anond
col org measur e?ré‘nt g%eéiia uéldcoio(?gjla%lglr#.xﬁeﬁgépg)rar %usﬁg%ﬁﬁqsgioag@heﬁlgé 1‘3
conpr i sebght dstestdrdhrher zonphisesch codimatocol or measur ement appar at us of clai m
1, 2 or 3 wherein said 10 surface conprises a rotor platform 8. The

di anond col or neasurenent apparatus of claiml, 2 or 3 wherein said

surface conpriiges a &Rt folinidBofRRRbGeRbnt Qn@irlsi: t hr ee- hundred and
sixty degrees. 9. The di nd col or neasurenment apparatus of claim11, 2 or

3 further conpri sPffacefRhasPERastinshadEIo0dhi ch at | east partially
envel ops a di anondawimightlippserimatingliinimiatios saafeneapdplcest Myunsiaathgsur f ace.

10. The di anond .col or asurenent a ratus of., claimi1, 2 or 3 wherein said
surfcla(ge ggﬁgpﬁ%@%gu?%ﬁ}%ngﬁ %Crcmnﬁﬁ@a%dﬁ)é’ts lrd%‘i%ﬁ% may be set to permt
measur enent by sardighptdetsator ppsidionehbntietdetviigle abnringguo e afspbdific ahglei on.

11. The ¢ - | 0 s
it 1 uoer BoBREa bl iadbRAH EHRMowARRARBAY 1S sfctfd MahholliSy ebpifldlea |
di anond Whéetdswdrceaarl anond

an optical measurement device capable of measuring light detected by said
15  light detector.

18. 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 surface;

20 a light detector positioned to detect light coming out at a specific angle
from the pavilion facets of a table-down diamond when such a diamond is accommodated
by said surface;

a diffuser; and
an optical measurement device capable of measuring light detected by said
25  light detector.

19. 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 surface;



i s accommpdat ed by said surface. 12. The di anond col or nmeasurenent
apparatus of claiml1l, 2 or 3 wherein said surface is a white reference for
pur poses waipo @ahsder ati on. 13. The di anond col or neasur enmentpcappieidss of
claiml1, 2 or 3 wherein said 25 light detector is directed at a horizontal
m d- poi nt of a di anond when such a di &iond is accommopdated by said
surface. WD 01/61316 PCT/US01/03869 20 14. The di anond col or measurenent
appar at us of cl ai ma2ighhdsteitor mmitobned td defest light caminigghtectly fosnihe tpanidion

di ffuser g,.13. i r e, r i JE .ein
said dif aﬁ%%r"faingblg ! g”@mgggﬁs%ﬁ%ﬁﬁ%ﬁé? '%‘gdgirg?acg‘;@@Fﬁ‘gbgiS%%\é@g%l or
nmeasur endpf apparatus of clains 1, 2 or 3 wherein said |ight detector

further conprises gnepliddl MRaremdrlt deficBapHIR bPMmeSHuRNB HELE BB teBREMECMTENE
a

)

conprj si ng; urface for accommodating a di anond;
dayl i ght ﬂg]bt&rege)??%tl ng illumnation source capable of illumnating a 10

di anond when such a dianond is accomopdat ed by said surface; a |light
detector positioned to detect light comng out at a specific angle from
t he pavilion £8cet Shekysierh dbut daiont colioameastirehnent ofiotdima 1di d8rond9 iferther

oS i A5, O Sl EAASTE R REpap ©
di armond epiet mepasemenEiaviceonpri sing:  a surface for acconmodating a

di anond; a daylight-approximating illum nation source capabl e of
illumnating a dianmond accommopdat ed by said surface; 20 a |ight detector

posi tioned to2det eThe bysih ferailimendedlothedusdesi bf €lamnol B 18for agvitgein
cet.s of a .table-do di anbnd when such a di anond i s acconmbdat ed

paviL'on f.
by s ¢d %&F‘g 96e CoMBrises ATRIOT PIP™N opti cal neasurement device capabl e of

measuring light detected by said 25 |ight detector. 19. A systemfor
di anond col or neasurenent conprising: a surface for accommodating a
di anond; 22.  The system for diamond color measurement of claims 17, 18 or 19 wherein

said light detector is positioned so as to detect light coming directly from the pavilion

facets of a table-down diamond at an angle of between zero and approximately forty-five

degrees relative to the table of a table-down diamond when such a diamond is
15  accommodated by said surface.

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;

20 a light detector positioned to detect light coming out at a specific angle
from the pavilion facets of a table-down diamond when such a diamond is accommodated
by said platform;

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

25 an optical measurement device capable of measuring light detected by said
light detector.

24.  The system of diamond color analysis of claim 17, 18 or 19 wherein said
light detector is rotatable about said surface.

25. A system for gem color measurement comprising:



a daylight approximating illum nation source capable of illumnating a

di anond accomodat ed by said surface; WO 01/61316 PCT/ US01/ 03869 21 a

| i ght detgef@lsip@sitioned to detect light comng directly fdiomolossepavil i on
facets of a table-down di anond, when such a dianond is accomodated by said
surface; and an optical neasurenent dmvice capable of neasuring |ight
detected by said 5 light detector. 20. The system for dianond col or

measur enent of cl abaserfdcs, fol&comniddafing 4 beloredeenpri si ng an optical analysis
capabl e of processin [ n > V. Ld i cal. e [ enment
device. 21. The syétcgal%ﬂg@t?% ?@%ﬁ@ﬁ@%ﬁ{nﬁg%gﬁ%r%@ﬁapgﬁgc fglll%m%%ﬁlglé or 19
wher ei n caloredzgdeth whetf such agsmpis iasesnmodatedby glidisifrtaces 22. The system for

di anond col or mneasyr ks Mlggr ' Lok

detector is positi gr}ggg?s'&gtegﬁé)r?gﬁ't g?%dgt?o F?tgﬁgigg%%ioné diS{rlg%tt ?éb%rl%énq‘?%lg

pavi | § onfropgie cxovy fagets ghp eolgrrdrecmn whemenchia som BrigPenpedyed weids tedespand
appr oxi npbsion bpsdiy siirfacs; degrees relative to the table of a table-down

di anond when such a gjam)nd.is 2}% acco at.ed.br}/ sai d ur]‘acef 23. A
system for di anond®881EPT REHARPE REMCOR SHE i EPiRgtion spuzes ang saidssyface; and
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a fluorescent light detector positioned to detect fluorescent light coming out
15 at a specific angle from the crown facets of a colored gem when such a gem is
accommodated in the table-up position by said surface;
a diffuser positioned between said ultra-violet light source and said surface;

an optical measurement device capable of measuring light detected by said

light detector.
20 27.  The diamond color measurement instrument of claim 3 further comprising
a diffuser.
28. A method of analyzing the color of a non-fancy-colored diamond

comprising the steps of:
illuminating a table-down diamond in a diffuse way;
25 detecting the light coming out at a specific angle from the 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
30 claim 28



a surface for acconmodating a colored gem a daylight-approxinmating
illum nation source capable of illumnating a colored gemwhen such a gem

i s acconmpa@adiedstey said surface; a |ight detector positiongd/iwidsisect
i ght coming out at a specific angle 5 fromthe crown facets of a col ored

gem when such a gemis acconmpdated i X he table-up position by said
surface; a diffuser positioned between said illumnation source and said
surface; and an opheral sarésspradstecting vomprissaplatsceng fightecuing gt bf t;]ll@t
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li ght soMfEeesds HB‘?@%PWW‘F%WI‘%Q%W dg gem accommodated by said surface: a
fluorescent |ight detector positioned to detect fluorescent |ight com ng
out 15 at a specific angle fromthe crown facets of a col ored gem when
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by said dttﬁthgmect or. 20 27. The di anond col or nmeasurenent instrunent of

claim3 further conprising a diffuser. 28. A nethod of anal yzing the col or
of a non-fancy-col ored dianond conprising the steps of: illumnating a
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neasur eniiidsed\ridsian &Qﬁeb@dlhnrﬁg’l@ﬁd/&téctﬂig@tb@nl sm 29. The net hod of
anal yzing the col or of non-fancy-col ored di amond of 30 claim28 WO

01/61316 PCT/ US01/ 03869 23 wherein said step of det ectl ng conprises
Qetegd | 10, L 988, COThOGnaHbq OF b BAL! R {6 TRl BHATRA 0120

angl e of betweén zéero an orty- |ve rees r ve to the
t abl e of ckeive 4 shgredn said step of 111um1nat1ng comprises illuminating with a daylight-

approximating light.

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.

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

37. A method of analyzing the color of a non-fancy-colored diamond
comprising the steps of:
25 illuminating a table-down diamond in a diffuse way;
detecting a plurality of angles within a specific angle range from the
pavilion facets of a diamond.



30. The nethod of analyzing the color of a non-fancy-col ored dianond of 5
claim28 further conprising the step of rotating said tabl e-down di anond
during sawé oi@gs®cti ng step. 31. The nethod of anal yzi ng theg/oohosiscodf a
non-f ancy-col ored di anond of claim28 further conprising the step of
rotating said tabl e-down dianond a totZd of three- hundred and sixty
degrees during said detecting step. 10 32. The nethod of anal yzing the
color of a non-fanu;caﬁmrxgﬂbdd@tbtaﬂd)hdlto’ﬁthmwtmmemnmmdsﬁbd step of
illum nating conpr i ting light.

33. The net hod of 31?1% ?gékﬁér%l Eu?o gir’é‘v%&éhﬁgﬁh ySlS?g cl)l(ragfémdal anond of
claim28 further conprising the step of placing the di anond, tabl e-down, on
a platform 15 34. The nethod of analyzing the color of a non-fancy-col ored
di anond of claim 30 further conprising the step of placing the dianond on
a platformenclosed. 35. The nethod of anal yzing the col or of
non-fancy-col ored dianond of claim 28 further conprising detecting |ight
com ng out at a second specific angle fromthe pavilion facets of the

di anond. 20 36. The nethod of claim'35 wherein said step of detecting |ight
com ng out at a second specific angle occurs sinultaneously with respect
to said step of detecting |light comng out at the first specific angle.

37. A nethod of analyzing the color of a non-fancy-col ored di anond
conprising the steps of: 25 illumnating a tabl e-down dianond in a diffuse
way; detecting a plurality of angles within a specific angle range fromthe
pavilion facets of a dianond. WO 01/61316 PCT/US01/ 03869 24 neasuring the
detected light with an optical mnmeasurenent device; analyzing the
measurenents with an optical anal ysis nechani sm



