WD 2010/ 010375PCT/ GB2009/ 050862 1 GEMSTONE VI EVER Fi el d of the invention
5The pr\%ﬁ%%ﬁ/dﬁé’ﬁmi on relates to an apparatus and nmethqd-fQheNde8w NY
genstones.” Tn particul ar, although not exclusively, the invention rel ates
to an apparatus and nethod for viewing both the play of light in a genstone
and a mark inscribed on the surface of the genstone. 10Background The
beauty or attractiveness of genstones] and in particular dianonds, is
considered to be directly related to how the stones interact with |ight.
This interaction is known as the "play of light" and incorporates
properties such as brilliance, GEM®QNE HEWRR || ation 15 displayed by the
stone. Brilliance relates to the intensity and contrast of |ight returned
by the stone to the observer, fire relates to the anount of dispersed |ight
r et ur ned Fizyd biibe gtven@onand scintillation relates to the incidence of |ight
flashes visible to the observer as the stone is noved relative to a |ight
source. 20Recently the practice of marking genstones with brand marks,
i dents f i Tatiporsenuimyenton raladéolo areaksraivaveyimeihod fasrvidwing gamsicors:r dyar di ng
t he genstone has e . Wdespr : \VAo) i nes
usi ng. o OARCHEs SyRaRE Ry e Reb R Bl iR Bar o BRRLL B4 RN
98/ 5277 4for Mesvimpbdts thaplapef bghplin e dremstenectndaa wetyk insctiltedoen thevdusieps ef t o t he
eye usi ng]ea%e?&?#eoupe so that they do not detract fromthe value or 25

e

appear anc e genstone. This nmeans that the marks can be applied to
facets such as the table of the stone. Such marks are typically inscribed
to (gephhipﬁiﬂ% to about 0.05 pminto the stone. In the retai

envi ron uld be advantageous to provide a quick, practical and

30effective viewer that would allow a retailer to display to a custoner

both t heTl% ggaﬁ{r oL E%Eti\;éﬁeés QF%QBﬁeQ%thH%aH%% id%‘?ﬁod&f - considered
to be directly related to how the stones interact with light. This interaction is known as

the “play of light” and Encorborates properties such as brilliance, fire and scintillation

15  displayed by the stone. Brilliance relates to the intensity and contrast of light returned

by the stone to the observer, fire relates to the amount of dispersed light returned by

the stone and scintillation relates to the incidence of light flashes visible to the observer

as the stone is moved relative to a light source.

20  Recently the practice of marking gemstones with brand marks, identification numbers,
and/or marks conveying other information regarding the gemstone has become more
widespread. Marks may be applied to stones using a variety of methods, such as for
example those described in WO 98/52774. The marks can be applied in such a way as
to be invisible to the eye using a x10 loupe so that they do not detract from the value or

25  appearance of the gemstone. This means that the marks can be applied to facets such
as the table of the stone. Such marks are typically inscribed to a depth of up to about

0.05 pum into the stone.

" In the retail environment it would be advantageous to provide a quick, practical and
30 effective viewer that would allow a retailer to display to a customer both the play of light

in a gemstone and the inscribed mark.

There are a number of viewers currently available that can be used to view play of light
in gemstones. One example of such a viewer is provided in WO 2001/14854. Further



2 viewers can also be used to view marks inscribed in stones, and such a

devi ce ‘¥,8t2ﬁ§§63@&5ed in WO 99/ 34197 whi ch provides neairi,gz,r;é)ﬁz\ébﬁ(ygggﬁzrragni fied

i mge 0O tone and the mark, but does not provide a neans of view ng
the play of light in the stone. A further viewer is described in EP 1319942
whi ch enabl es the display of 5 both play of |light and a mark. However, due
to the difficulty in providing the cdrect lighting conditions to display
the play of light and the mark, the genstone nust be noved from one part of
the viewer to another to view these different attributes. It is known that,
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and suppoegses degetuf eyminegy icamgivagqdaiyl goedhday efrightragi ng axi s passi ng
through the 10 observation position. The support structure is arranged so
that the genstone can be placed at the observation position in such a way
t hatst hesimiartyalUSt 18 1835@ besided dhapetradis foh engging therfee oba getkioneavheange of

tilt I f he. rotati ' dj ' | i ght
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3¢ The present invention aims to overcome or at least alleviate one or more of the

difficulties associated with the prior art.

Summary



15i magi ng device for at |east one rotational position of the support
structure. Thus, as the genstone is rotated on the su re (or
the il INWRi2AYYYH5means is rotated relative to the gens%éﬁﬁb{l eg%l ay of
light in the genstone can be attractively displayed to the user.

addition, there will be at |east one rotational position in which 20 a
specul ar reflection fromone of the directional |ight sources will be
directed into the imging device fromthe selected facet (which wll
usually be the table facet). If a mark is inscribed in this facet, an inmage
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imaging device from the selected facet (which will usually be the tabie facet). If @ mark
is inscribed in this facet, an image of the mark can be obtained — and displayed to the
user - when the gemstone is at this rotational position. Thus both the play of light in
the gemstone, and a mark inscribed on the gemstone, can be displayed to a viewer

25  without the need to remove the gemstone from one place to another. All of the
elements described above, together with a display screen may be integrated together

into a single instrument into which the gemstone can be placed.

Furthermore, since the normal to the selected facet need only be within a range of tilt
30 angles (for exampie less than 5°, or even less than 10°) relative to the rotational axis of
the support structure, accurate placement of the gemstone on the support structure is
not necessary. The gemstone could, for example, be mounted in a ring placed within a
ring box. As long as the table of the gemstone is roughly horizontal (for example iess
than about 20-25° to the horizontal), as it rotates there will still be at least one position



Al though it is possi ble to rotate the illumnation structure and | eave the

gemstﬁgfosi I%OF.@QS it has been found that it appear %C%&O% H§6‘3| to a

custo emstone 20 itself rotates. In this case support
structure may include a rotary table. It is also beneficial for the
custoner to be able to see the genstone directly while inages are

si mul t aneousl y di spl ayed on a screen.4 The support structure may al so be
noveabl e towards and away fromthe imagi ng device. 25The directional |ight
sources can be arranged in a symmetrical pattern, but as discussed above
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simultaneously displayed on a screen. The support structure may aiso be moveable

towards and away from the imaging device.

25  The directional light sources can be arranged in a symmetrical pattern, but as
discussed above this approach tends to favour only highly symmetrical diamonds. In
one embodiment, therefore, the directional light sources are arranged in a patiern
which does not have 4-fold or 8-fold rotational symmetry. Since it is desirable that the
images of the gemstone should be presented attractively to the customer, the

30 directional light sources may be arranged generally uniformly across the illumination

structure.

The requirement that an image of at least one specular reflection is obtained can be

approached as follows. A iocus can be visualised on the illumination structure of a



250f magnifications and/or the camera nmay be provided with sufficient

pi ct ur&s}zgﬂ%gég?(pi xels) to allow digital zoom A Pr Qe&es, 0059@5\?8699

provid ysing the i mages obtained by the imaging device and
identifying the rotational position at which one of the directional |ight
sources is 30 specularly reflected fromthe selected facet into the

i magi ng device so that the inmage of the nmark can be obtained. The processor
may be operatively connected to a control systemfor controlling the
relative rotation between the support structure and the illum nation
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i nscr1 bed on the genstone. In accordance with anot her aspect of the present
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20
The imaging device of the apparatus may produce images of the gemstone formed by
a lens, which may be varifocal and may include autofocussing. The imaging device
may also include a camera such as a CCD or CMOS camera. The imaging device and
the lens of the apparatus may comprise a single module. The lens may have a range
25  of magnifications and/or the camera may be provided with sufficient picture elements

(pixels) to allow digital zoom.

A processor may be provided for analysing the images obtained by the imaging device
and identifying the rotational position at which one of the directional light sources is
30  specularly reflected from the selected facet into the imaging device so that the image of
the mark can be obtained. The processor may be operatively connected {o a control
system for controlling the relative rotation between the support structure and the
ilumination structure. The control system can then be configured to ensure that the

support sfructure is moved to the appropriate rotational position for the image of the



250f light of a loose or nounted genstone and an inscribed mark, conprising
Vi ewi n tone using any version of the apparat above. In
accordg’xégg\fﬁ%@%not her aspect of the present inventi %ﬁ eréedﬂlggé%%row ded a
method for facilitating the visual appreciation of the play of light of a

| oose or nounted 30 genstone (such as a dianond) and a mark inscribed on a
sel ected facet (usually a table facet§ of the genstone. The genstone is
illumnated with a plurality of directional |ight sources, and rotated
about a rotation axis relative to the plurality of directional |ight .
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a single integrated systemthat requires little skill or training to use.
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support means relative to the illumination means. Emagmg means are provided for
20  obtaining images of the gemstone in the observation position. Display means are
provided for displaying the images of the gemstone to an observer at a plurality of

rotational positions of the support means.

The invention also provides a method for facilitating the visual appreciation of the play
25  of light of a loose or mounted gemstone and an inscribed mark, comprising viewing the

gemstone using any version of the apparatus described above.

in accordance with another aspect of the present invention there is provided a method
for facilitating the visual appreciation of the piay of light of a loose or mounted
30 gemstone (such as a diamond) and a mark inscribed on a selected facet (usually a
table facet) of the gemstone. The gemstone is illuminated with a piurality of directional
light sources, and rotated about a rotation axis relative to the plurality of directional light
sources. The normal to the selected facet of the gemstone is within a range of tilt

angles from the rotation axis. Images of the gemstone are obtained as the gemstone



Figure 1 is a schematic view of a viewer for displaying play of light in a

genst o rk inscribed on a genstone; Figure 2 éniﬁ] %§zl C View
gﬁ?angm%ﬂ? oo 2l

of an of directional light sources; 8 Figure schemati c
view of an alternative arrangenent of directi onal I i ght sour ces,

Figure 4 is a schematic view of another alternative arrangenent of
directional |ight 5sources; Figure 571s a schematic view of a further
alternative arrangenent of directional |ight sources; and 10Figure 6 is a
schematic view of an alternative viewer. General Arrangement Figure 1 shows
a schenmtatated] agd atmesd imagée\me dig@ayerthdo sarr wbseaver. of Thehearsangerent of f or ned

by a bas%r?,&.é% {g|h§“&f}8£st IS atlfgf X\?'hﬂ:g %\&W h%l a}‘?é a&%tti%%lt'%géé%?t 15

necessari erpen |nea
nmovabl y theudiredicos stgue ssurpp@ns smttww &E@ichsd ftr(bratthetseéﬁtedmet atoe t he

b d
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Thus refB orlzon ver 1 cal ri ron re (o}
directi os:sleq:iad éetdeélntcamd ipegipgrdvicel @he gomstomeunaieaisd te V@wetitta! dyase 11101. 25

An i magin ch as a canera having a |l ens assenbly 106 is
nount ed ‘(?g“%"%étggo}%?t%qOZ such that it points towards the rotary table 104

al ong an |nag|ng axi s 107, which should be parallel to the support nenber

oraOhe CThl R L4 65 105! 198l Q! difo oAk, SBPkEs T SoharaRR 4R °C

tovvards I gl ng devi ce the axi s 107. The
i magi ng mtr@djfar?facmapm@trer\amay apmeb:ahedoi thetiiey ofdight oht |@B8byr arvuategl e of ,

for exangemstghe agntdthgips&ff%d al[Plg}’ke Pl l%ﬁ\thge‘?rﬂe&a?e@d e Mrbtudie c&Mloy ed.

manufactured as a single integrated system that requires little skill or training o use.

15  Furthermore, some embodiments of the invention provide an apparatus and method for

viewing a loose or mounted gemstone comprising the following elements:

1. Displaying the play of light of a gemstons so that it can be seen directly by eys.
2. Gensrating a magnified image of the gemstone to display the play of light.
20 3. Generating a magnified image of the gemstone fo display an inscribed mark.

Some embodiments of the invention provide an apparatus and method for viewing and
generating an image of the piay of light of a gemsione and a mark irrespective of the

degree of symmetry of the gemstone.

25
Preferred embodiments
Some preferred embodiments of the invention wilt now be described by way of exampie
only and with reference to the accompanying drawings, in which:

30

Figure 1 is a schematic view of a viewer for displaying piay of light in a gemstone and a

mark inscribed on a gemstone;

Figure 2 is a schematic view of an arrangement of directional light sources;



WO 2010/ 010375PCT/ GB20091050862 9 obj ect placed on the rotary table 104 and
t he inng i-ce 105, and adjust focus. Such | enses g known as
zoom or vggpgﬁ%gﬁ | enses. The inagi ng device 105 and f%gﬂFgﬁs IO%%nay be a
singl e nodul e such as a Sony bl ock canera conmbined with an auxiliary close
up lens elenent. 5 In an alternative enbodi nent or in addition, the inmaging
devi ce 105 may be provided with nore §icture el ements (pixels) than is
required to produce an inage of acceptable quality so that the technique
commonly known as digital zoom may be enpl oyed. 10The viewer is also
provided with an illumnation structure 110, which nmay be characterised as
conbi ni ng. I 1 I | Sh&, I ANV rality of
directioﬁ§®ﬁ%?%§§%?§ﬁ§ﬁéwgh%ﬂ%bE@?ﬁgg?§ﬁg§uﬁrovf%ggggﬁﬁy%ﬁgghﬁggkg?ound.
Any convenient |ight sources may be used. In one enbodi ment white |ight

sour ces ' i 1t ' 1B As
shown i nﬁﬁgg%razs chﬁgg?fgp%ﬁaﬁdgﬁ&s%ﬂg? E\Félaﬁggba@%gtr gﬁ?i/e%%"g%gshétﬁt he form
of a& | agsowtex around the inmaging axis 107, and conprises a set of
directional LEDs 109 and a set of background LEDs 110, | ocated above a

di ffuser 111. The diffuser 111 scatters the |ight propagating fromthe
backgr ouRiguteEDss 4 s0hevatisview Prourtber a!tww\c%arrammwtugﬁqﬁmiwlﬂl@htan

obj ect p&ﬁﬁ&g,%ﬁdthe rotary table 104. Holes (or clear apertures) 112 in
the diffuser 1 in front of each of the directional LEDs 109 all ow
directional illumnation fromthe centre of each directional LED 109 to
reacy an-ghiaek ADnLREI ALAY ah BRbAadBAviogaln use, a gemstone 113 such as a
gem di ano i's supported 1n a genstone support 114 and placed on the rotary
table 104 on the imaging axis 107. An inage of the dianond 113 can then be
formed i I i vice 105 by the lens 106. The genstone 113 is

rot at ed §5$§{§ﬁ?gh&%$”fhe rotary table 104, and can be noved towards or
away frdfigtiee! beows a@ehdyatisdiagian flea Viewear 08) i de stogturasf thenyewsr ist he
rotatin [ [ i - ' anMser to
see a nggﬁﬁ%fggqggég?3?1ﬁﬁgpégﬁgﬁ%ﬁ%nﬁfgcg?egpkﬁgﬁé%gg%mzﬂ%9$ﬁ§§ gﬁoms of f
t he 1Bl aynembssariphexacty tisepatidiamnido the bpssat A éngaralide 10@is movably mounted

2010/ 01037pPCT/ 0 | HW?M e appol i shed
diannndf§§ﬁ§ﬁigggéq8%ﬁ%%.ﬁ???%gg%?@%%fHg%gggﬁégﬁgﬁ%kk? Wi %é appreci at ed
t hat ot hretardiabfeot(d is sugporied hytthelingpestidot®s) may al so be viewed. The
genstone w Il generally have a major planar facet known as the table facet

as its uppernost surface, and should be oriented so that this facet is as 5
near t o Thersuriont af thasotposieblel @4 Fiseiatbhaparale! thbetbape 401 .06t in SRGRAId
usughly - 306n 3 dBstfaNaidiERb sideShenLd e as
clo tg’ﬁ%@?g{gﬁ%%@%@iﬂﬁ \(I:Vgﬁlﬁz)set F|I5.is prar(]:ti caf. allf S ©
the counter of a jewellery store. Thus references to horizontal and vertical in this
description refer to directions paraliel and perpendicular to the underside of the base

101.

25  An imaging device 105 such as a camera having a lens assembly 106 is mounted on
the support 102 such that it points towards the rotary table 104 along an imaging axis
107, which should be parallet fo the support member 102. The finear slide 103 thus
allows the rotary table 104 to be moved towards or away from the imaging device 105
along the imaging axis 107. The imaging axis 107 is preferably inclined o the vertical
30 by an angle of, for example §°, although any angle of between 0° and 45° might be

employed.

The lens assembly 106 comprises a plurality of refracting elements and is typically

provided with internal mechanical motions that can alter the magnification between an



The genstone support 114 may be any support neans that allows the genstone

108 1 ported on the rotary table 104. If t THSER 13 forned
part o&é%@&éﬁggry ring such as an engagenent ring, ?’%e genéét?ﬁseésupport

114 woul d consist of the ring itself with the genstone 113 nounted in it
and, for exanple, a ring box that m ght also be used to display the ring in
a store. 15 Control and Feedback In dperation it is advantageous for
suitabl e control means such as a mcroprocessor and suitable driver
circuitry (not shown) to be able to have independent control of each of the
di r ect i onbjeclERsedlO® theT ttarpridightiid ssrdothegmalyingegevie #eh, usidadyljest épdulser by

controlliin he current e draws,_ or ] i.q 0 . i dt h
nodul at i §th ?%SﬁﬁgE?dF?T@Rﬁﬁﬂ(en OB’Q\ég%g‘zroooun’ﬁ I\_@%Caﬁén%ﬁoﬂﬁc? [ﬁwig%mﬁ | ar
control ¢bmanethe lem@hmip bald sindle trioeluth $Uchses 4 8BSy block Flreermammiiedreans

shoul d al %ﬁ be 6‘,9' ecgﬁ% corlltroé_; r%%::'rﬁ notion of the linear slide 103 and the
rotary t 4B 8" FHHE CPEEP 'FIveF el At i ve position of the genstonell3 and the

| ens 506. 25Mbtion of the linear slide constitutes a focus adjustnent. The

control eans, SO d SnRRvE. i a0kiieh. AYShabiG ARREAI5Har be G NG

devi ce 1053 hAFTALE S t fout 1imta se com rol's  woul d cover
t he aper witl encsé ppptuoé elehentseipixek) 6iantibee@ipd dapeoducaenohagh ef acmgiably devi ce

105 and the, gai ol our.. ont r. i nd any i mage
shar peni PP u eGSR PRl R Gyl B8N PP Bl Bt PRRTFhe Tens 108
is provided with a focus adjustnent that can be controlled automatically by
t he jagi device 106 or. . t.h | ,
20101/£?0§E’;%I5@W%0%5?(%8§g§d1 th %ﬁggg%gﬁ&g%g Geed 1)1y0,tv¥|réchnr%ag¥ rtl)S devi ce
105 may tersitsidedysd cdmbimetyl wvoonlaasesc pkéghtihgSeleswols. adna $dtgirogderele vi deo
nonitor integrated int I . he [

exarp! ¢, PPiged GRcifel srtiahd 2 her S aby Pkl o ARG HeltRorolifh
cust onmer Aandoravesiadng §giplessocescronyg &r nisedwilt one heen potisan i whitplighdlraseesf t he

?ﬁgnﬁggtrlg%%la !I'ttgL‘f@@'{;ﬂﬁ%ﬂﬁgB?o%fegl(t_é{%)a?@g%pflo%gpa(:k to be provided so that

15
As shown in Figure 1, the illumination structure 108 generally takes the form of a flat

disc around the imaging axis 107, and comprises a set of directional LEDs 109 and a
set of background LEDs 110, located above a diffuser 111. The diffuser 111 scatters
the light propagating from the background LEDs 110 so as to provide a diffuse
20 illumination to an object placed on the rotary table 104. Holes (or clear apertures) 112
in the diffuser 111 in front of each of the directional LEDs 108 allow directional

iflumination from the centre of each directional LED 109 to reach an object on the

rotary fable 104.

25 Inuse, a gemstone 113 such as a gem diamond is supported in a gemstone support
114 and placed on the rotary table 104 on the imaging axis 107. An image of the |
diamond 113 can then be formed in the imaging device 105 by the lens 106. The
gemstone 113 is rotated by rotation of the rotary table 104, and can be moved towards
or away from the lens 106 by use of the linear slide 103. An image of the rotating

30 diamond is displayed on a screen 115. This enables a user fo see a magnified view of
the gemstone 113 as it rotates, and this shows off the play of light in the diamond to

great effect.



make appropriate adjustnents in order to obtain an attractive i mage

sequenég?ggwyoéo gdbenefi cial to the sal es process. ],Ict[f(hﬁﬂgg?dsﬁ% formthe

sal es provi de the 10f eedback by evaluatrng e I'nages and
maki ng adj ustnments to the various controls. However it is preferable that
the feedback is provided within the apparatus so that, once a start
stinmulus has been supplied, the appaf@tus carries out a predefined
denonstration without further intervention. The apparatus nay anal yse the
i mge data 15 generated by the inmaging device 105, by capturing inage
frames imhe gaammmpe‘rtmmpwgua(lytbe zs pdishpd uBdamgnd duchres grabiebrilint oyt di r ect

use of aHé’ gh&gdf:‘w gee?ét nay %tgdgga} %?I’?ar hahd %L bldgtﬂars onesgh'r?ayj mage
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val ues aprdcutsﬂd to 25 adjust, for exanple the lighting | evel using either
the directional or diffuse LEDs 109, 110. Further data processing may be

used to identify the region of the image occupied by the genstone 113, and
i f the iTeggemssmee sepmyrt f 6 may ey suppog meddns thhkalbwistthelgemstms 18y adj ust
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mage. . THEL Wik F aBrisBRe ) hilriedb PARES, PR RIERENT, bk &R ridTHG, "0,

range ofbgasdtto displayfthe lieg not stose. t abl e 104 so that for exarrpl_e the system
will know that a particular directional 12 LED 109 produces a bri ght
reflection fromthe table facet of the genstone 113 over a known range of

r ot ats orlapntprﬂszirﬂﬁnwmt:kthe rotary table 104. This information, which may

b d
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controlling the current each draws, or by the technique of pulse width modulation. In
20  addition the background LEDs 110 shouid have a similar control channel, common to

all of the diffuse LEDS.

The conirol means should also be able to conirol the motion of the linear slide 103 and
the rotary table 104 to alter the refative position of the gemstone113 and the lens 106.

25  Motion of the linsar slide constitutes a focus adjustiment.

The control means should also have control over the operation of the imaging device
105 and the lens 106. Without limitation, these controls wouid cover the aperture stop
of the lens 106, the exposure time of the imaging device 105 and the gain, colour
30 balance, conirast and brightness and any image sharpening provided in the imaging
device 105. It may be that the lens 106 is provided with a focus adjustment that can be

controlled automatically by the imaging device 106 or by the control means.



have certain properties to ensure that the dianond gemis presented in

attract per under different circunstances, whi Iected
dv%ﬁezgfogoqﬁ% I“chr/(?ifli(){)@?rﬁ

from £ limted to: Providing i 1l um nati on 'S0 e genst one
and jewellery are presented attractively to an observer view ng the
genstone directly; Providing illumnation so that an attractive inage
contai ning the genstone and 15possi bly the jewell ery may be viewed on the
di spl ay screen of the apparatus or another screen; Providing illumnation
so that a facet and, if present, an inscription etched into said facet may
be vi ewethbye data @e@:lucaﬂ by etid iatagir@rdevimietmmay éqldisrpiaygd dingctiyramca sireen
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w t hosit ageystweed18o nove the 25genstone fromthe rotary table. The dual

arrangenment of directional LEDs 109, together wi th background LEDs 110 and
di ffuser 111, assists in neeting these conditions. The directional LEDs 109
act as "pavould sewsers fori ddmenferdbaakgtot e pgwitsidoste thbl he td)rgmf meshbecdyed from
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directly "in the flesh". WD 2010/ 010375PCT/ GBZOOQ/ 050862 13
However it is preferable that the feedback is provided within the apparatus so that,
once a start stimulus has been supplied, the apparatus carries out a predefined
demonstration without further intervention. The apparatus may analyse the image data
15 generated by the imaging device 105, by capturing image frames infoc computer
memory (not shown) using a frame grabber or by direct use of an imaging device that
produces a. digital video signal. The image may be analysed and modified by data
analysis and processing means. The displayed image may be of the original image
data or that captured and modified by the data processing means (not shown).
20
As an example, and without limitation, the data processing means may split the image
into separate red, green and blue channels, and calculate a histogram for each
channel. The histogram may be used fo identify the range of light levels apparent in
each channel. These histograms may be compared with target values and used to
25  adjust, for example the lighting level using either the directional or diffuse LEDs 108,
110. Further data processing may be used to identify the region of the image occupied
by the gemstone 113, and if the image size were, for example too small, the control

means may adjust the zoom setting of the lens 106 to provide more magnification.

30 In order to obtain further information the control means may alter the light ievel
produced by a particular directional LED 108 and the data processing means may
determine the effect of this by examining changes in the resulting image. This
information may be associated with a particular position or range of positions of the

rotary table 104 so that, for example, the system will know that a particular directional



As will be explained in nore detail below, under certain circunstances

light fromone of the directional LEDs 109 will also he, C I
refl ect®8 %M1 Re table facet of the genst one direct B’fﬁ&g@%/%@én&gi ng

device 105. This will enable a mark inscribed in the 5table facet to be
viewed on the screen 115. If the genstone 113 is illumnated only by the
directional LEDs 109, it can sonetingg appear as a generally dark inage
with a few spots of light. The background LEDs 110 and diffuser 111 provide
a diffuse light that illum nates the whole of the genstone 113 10 so that

it ngppean_gmf prﬁﬁ!}@%teelb(i@jmh réﬂﬂﬁtibg}ﬂf&gm tﬂbsaiblal)fﬁﬁbt@lﬂtﬁdﬂ@erﬁﬁtb@@nmbﬁer dhe
CcO Il nation o the two |1 tir e cts res S muc nore attractive
Coe of DR Gata aroipsd pestne(of 1E° deia: ol A0 e TN IOt 1 he
hol es 11Zhdynbé keored firf usesppkddriam ldetahavectare withinetht eddta amalye appaitent

position of the |ight soug?ﬁes 0 i

f the dir 1 | LEDs 109. Th |
DO et | s, ek ot Bla T2 HES AT TReet RS Lo B SE QD SRS, I sour ous

Wi | | sppestectieh fiem iiecabedaadt. t he hol es rather than at their real positions.
Further optical elements may be provi ded between the directional LEDs 109
and the genstone 113. One effect of these elenents will be to alter further
t he apparnrmtin2fig®osi tion of the directional LED sources. In one enbodi nent

the directional L 109 are positioned so as to contribute taq, the
bt cract | VB BN A PnenEeReT IR BE S Tt Ee et g athd: B iche
di spl ay m&veesraiprbrids @ ensweitngt tHeatiamodpegathds preddnéad iroattaktitehe tabl e
facet fromat |east,_one ,of th 25 directiqnal qu;% 109 will entel he
| gl thg HEARS UBET FPreal Sraurienses WrPR M HROTP So% HHGeL e POLHTRS ons of
the rotafy table 104, without requiring any precise alignnment of the
orientation of table facget, t will be appreciated that the
attr act | vertes Sehdl T EaBRASP kg 1S STIONG By e RISYpEt RIFIETIE he
observation ok aveRSs bhkedeWBF Kelibghies GBsStoNE Sirbdty; in a rotary cycle is a
nore objective criterion. This latter criterion places constraints on the
arrangenent® Providing illumination so that an attractive image containing the gemstone and
15 possibly the jeweliery may be viewed on the display screen of the apparatus or
another screen;
» Providing illumination so that a facet and, if present, an inscription etched into
said facet may be viewed by a specular reflection, without requiring any
precision alignment of the orientation of the facet to be viewed.
20
in other words, it should be possible to provide an attractive display to the user, either
on the screen 115 or directly, as the gemstone 113 rotates on the rotary table 104. it
should then be possible fo display to the user an image of a mark inscribed on the
gemstone, using the same illumination system and without any need to move the

25  gemstone from the rotary table.

The dual arrangement of directional LEDs 109, together with background LEDs 110
and diffuser 111, assists in meeting these conditions. The directional LEDs 109 act as
“point sources” illuminating the gemstone 113. Light reflected from these point sources
30 into the imaging device 105 will appear in the image of the gemstone 113 as
scintillations and will cause the gemstone to appear to “sparkle”. Light from the
directional LEDs 109 will also be reflected out of the instrument and directly towards
the observer, who will see the gemstone 113 sparkling both in the image on the screen

115 and directly “in the flesh”.



of lighting which are now described with reference to figure 1. WO

2010/ 0103 4ph%14:582009/ 050862 14 Essentially, an inscrippgg;iRdseaA be seen
by the Iimaging device if a specular reflection fromthe facet in which the

mark is fornmed is directed into the inmaging device 105. A specul ar
reflection will be observed froma facet of the. gemdianond 113 if a ray
of light 116, originating at a partitalar directional LED 119 and i nci dent
onto the 5facet and reflected according to the laws of reflection of |ight,
is directed along the imaging axis 107. Equivalently, the condition for a
reflection to be observed is satisfied if a fictitious reversed ray of

light, travelli ' ' i L ' j ' 105
10 ovar dBS VL SHAANA AOIE deERHERfh, Tl cebbit LTl ckERghnt e B
genst onetheldrecliowis EDs B9ewidifalsthbe dppedeihoreflecteBOson 1be t#ilg drast of the

illustra ' : : i ; : he
normal | {8TRE™ SRV YEald RRARI AT R, P § RERRER R neBRRD i ) (o

t he riot ateblerfacetitsbd tigwefl onshe kereeoi 8.y table 104. In this case, the
direction of the reversed ray 116 that is shown | eading to one of the
directional LEDs 119 is not altered by the rotation of the rotary table 104
and wi | | if #lengsrestbread’1d & lliainajsdrane by dhre dirgcdionaldddds (EDH igay smetinesan be

cal led t a;Pseg[gﬁé%rggﬁg%%}%ggé wihe gt By B MTaeBItouhBe spRMRone 113

w |l not'De"so a _ the rotary tabl’'e 104 rotdtes, the reversed
ref | ect eahd diffuset 6 1houdvidede siiuish dohlrihapyoieiast be whelg eithawemstans 198 t he

under.si d f .t I by s r I i C d
appr i rist 01y PR MR, et NG TGRSR PRI Pt e
exact shapebindtionhe thebtwsiighting afegtsngsulis infemageb aidre dtigraiveimggopf thhe
apparatu gfglge{ﬁe case shown, where the sources appear to located in a

pl ane at e{nﬁe undersi de of the diffuser 111, the locus on that surface would
be a conic section, and this nay be constructed in accordance with the

pri nci plies, deseldnes ARAY fre diameter of the holes 112 in the diffuser 111 will have an
15  effect on the apparent position of the light sources of the directional LEDs 109. These
holes may be smaller in diameter than the directional LEDs, in which case the

sources will appear to be located at the holes rather than at their real positions.

Further opfical elements may be provided between the directional LEDs 109 and the

gemstone 113. One effect of these elements will be to alter further the apparent

20  position of the directional LED sources.

in one embodihnent the directional LEDs 109 are positioned so as to contribute to the
attractive appearance of the gemstone under direct viewing and on the display screen,
while also ensuring that a specular reflection at the table facet from at least one of the
25 directional LEDs 109 will enter the imaging means 105 for at least one orientation or
range of orientations of the rotary table 104, without requiring any precise alignment of

the orientation of table facet.

it will be appreciated that the afiractiveness of the diamond image is a subjective
30  aspect while the observation of an inscribed mark to be made visible in a rotary cycle is
a more objective criterion. This latter criterion places constraints on the arrangement

of lighting which are now described with reference to figure 1.



30 For small tilts between the rotation axis 117 and the surface normal of
the reflecting facet, the reversed reflected ray wll I j ntersect
the cenVPAMVEBM19, and a specular reflection will coﬁwﬁh@%glgg‘%g
observed. But as the angle is increased the WO

2010/ 010375PCT/ GB20091050862 15 | ocus of the reflected ray will no I onger
intersect the central LED 119 and they4specul ar reflection wll not occur

fromthis source. | nstead, at |east one further source nust be
positioned to intersect this |ocus so that, 5during the rotation of the

rotary taé%ls@mtidng,eahosﬁs@ib@a B £V eksSeser efl Bt pehdimy dalibe W lal speruarsect at
| east this further source, Each sour um nadti.on for a
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underside of the diffuser 111. 15This is illustrated in figure 2 which
shows, i MMeEAAYEI'€7form the underside of the diffuser 111 and the
directional sources defined by the apertures 112 in the diffuser 111. A

circle 201 in the centre_of the figure represents  the hale i.n t.he centre of
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107 and 1efkesbesof homrbdpnbalEms facet of the gemstone 113, for a conplete
rotation of the rotary table 104, for a range of tilt angles between the
rotation axis 117 of the rotary table and the normal to the table facet of
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be observed during the rotatign of the rotary table.
called the “central” LEE 118 of%e pattern. y

20  In general the gemstone 113 will not be so aligned and, as the rotary table 104 rotates,
the reversed reflected ray 116 wouid describe an approximately circular locus on the
underside of the diffuser 111, the centre of the locus being located approximately at the

central LED 116,

25 It will be understood that the exact shape of the locus will depend on the detailed
geometry of the apparatus. For the case shown, where the sources appear to located
in a plane at the underside of the diffuser 111, the locus on that surface would be a
conic section, and this may be constructed in accordance with the principles described
above.

30
For small tilts between the rotation axis 117 and the surface normal of the reflecting

facet, the reversed reflected ray will continue to intersect the central LED 119, and a

specular reflection will continue to be observed. But as the angle is increased the



It wll be understood by those skilled in the design of optical
instru hat the criterion for the observatio i on
shoul d”ﬁ’?’o"%@‘w&‘ “ake into account the 16 convol uti on%&lﬁg%‘{@jﬂh@%ource

LED aperture 112 and the optical aperture of the lens 106, but in practice

this elenentary treatnent, which only considers the illum nation of
princi pal or chief ray provides suffiid ent gui dance to assenbl e an
apparatus according to the invention. 5 It will be noted that, although

Figure 2 shows a possible arrangenent of the source LEDs 109, the source

LEDs 109 jsgue dithe dsiﬂetteﬂbagt\em raipngeciimetslcy thentehoahd 5D dverant iee spydiaee of
the diffus but e all. _on one side. This arrangenment will ensure that a
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i magi ng devi ce, appear grouped to one side or in a generally

unpl ea5| ﬁ?gtﬁé%a{s%‘ﬁ% S/%ﬁmgl ternative arrangement is illustrated in

Figure 3, showi ng the underside of an aIternatlve di ffuser 311. Here the
tional LED. e been
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of 90 betiivessr Sldccessi ve rings 302, and the 25pattern so produced nay be
referred to as a spiral with an advance angl e of 90. This exanpl e possesses
a degree of 4 fold symetry about an axis centred on the central LED and
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possnbie to piace source LEDS without introducing beam splitters or similar.
20
A set of nested approximately circular curves 202 represent the loci of a reversed ray,
originating along the imaging axis 107 and reflected from the table facet of the
gemstone 113, for a complete rotation of the rotary table 104, for a range of tilt angles
between the rotation axis 117 of the rotary table and the normal to the table facet of the
25 gem diamond. The figure shows one possible arrangement of apertures 112 (each of
which will have a directional LED 109 behind) in a straight line. It will be noted that the
apertures 112 (and LEDs 109) also have a finite size and do not act as perfect point
sources. Provided at least one directionat LED 109 is positioned on each curve 202,
and the maximum spacing between adjacent rings is iess than the apparent diameter
30  of the source LEDs 108, at least one specular reflection from the table facet wili be

observed during the rotation of the rotary table.

It will be understood by those skilled in the design of oplical instrumentation that the
criterion for the observation of a reflection should properly take into account the



17 The effect of illumnating the genstone with a symretrical |ight
distribution especially one possessing simlar symretf| 0 faceting
patternW(S’fzot“P‘f'é10 'g;mstone 113, is to produce a symetri C%fff’%g%.q@g&ﬁ@%g%
scintillations or highlights in the imge, provided the genstone has been
polished very accurately. This degree of accuracy in polishing, 5 which may
go beyond that needed, for exanple togobtain an excellent symetry grade on
a grading certificate, nay be described by the general term "opti cal
symmetry”. Gem dianond cuts, such as the round brilliant cut or the
Princess cedboiut@it &oduoasessured LEPagiertard 0W aholtite sytiodebpyriure @f ahgprhtern of

illTumnatigon with four-fold syp ry, such.as 10t he exanpl e described with
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opti cal ?gmg{etw IS a subject of controversy or debate within the di anond
trade. | d"AU@Mi s taken that a high degree of optical symmetry is
desirgble, it would be preferred to arrange the illumnation in a
symmetri cal, 15manner, .for ex le, in accordance with figure 3, so the
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generally unpleasing disposition.
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An altemnative arrangement is illustrated in Figure 3, showing the underside of an
alternative diffuser 311. Here the positions of each aperfure 312 and associated
directional LED have been aliered so that they are no longer in a line but are
distributed in a more balanced fashion. The pattern wili still meet the generai
20  requirement that a specular reflection from the table facet of the diamond can always
be seen. This has been obtained by placing the apertures 312 in successive rings 302
so that they correspond to refiections generated by advancing the angle of the rotation
of the rotary stage 104 by 90° for each incréase in gemstone table facet tilt angle. This
may be referred to as a phase advance of 90° between successive rings 302, and the

25  pattern so produced may be referred to as a spiral with an advance angie of 90°.

This example possesses a degree of 4 fold symmetry about an axis centred on the
central LED and associated aperfure 322. If it were desirable this symmetry could be
enhanced further, purely for example, by placing 4 directional LEDs on sach of the
30 circles 302 and / or, as will be discussed later, reducing or eliminating the tiit between
the axis of rotation 117 of the rotary stage 104 and the imaging axis 107, to produce a

more symmetrical viewing and lighting distribution.



considered to be natural or uncontrived, |acking any obvious symetry t hat

woul d interact with the optical symretry of the stone. y

arrange ﬁ?wﬁgmg%illustrated in Figure 4, which may b@cﬁﬁﬁgéﬁgﬁ% Frectly to
Figures 2 and 3. In Figure 4, successive LEDs behind apertures 412 are
advanced in phase by approximately 137.51, an angle commonly referred to as
t he gol den angle. This angle, which i#g encountered in natural growh forns
such as in spiral phyllotaxis, W 2010/010375PCT/ GB2009/ 050862 18 ensures
t hat successive source LEDs are arranged reasonably uniformy about an

axi s, whirhe efagwrtiingnitdtal the gemephe vahnaneymimesicas ight déstriblitibo] ebpecialy f ol d,

are present in the lighting arran t that m ght. enphasi.se .opti cal
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natural illumnnatign, it wil] be appreciated that other arran nts are
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between the inmaging axis 107 and the rotation axis of the rotary stage 104.
By nmoving the central LED and assqci.at epture away from i naging axis,
ond by | arcrenen e MR o oube puRea BT i Rt b LR e Lo
avoi d pl mestngfoanipldoummesy, wotdhpatietrhat ilirainati@0 dito fourhad diyffiesrgr sukhs15

t hrouygh which the i magi.ng, system 105, .106 vi the m.di anond ile
ensull ot ExebE AFRE T THEFBERERG Bae T Jer BRMP IR Ratowdyl bie.

VWi | e t héysnrastried gattemtin Hasndnlds svitadead baties| spbiretryar r angenent s produci ng t he
a siml technical effect be used. 20Fiqure 5 illuyustrates a diffuser
513 for T BFAP S psFemerh Wiy RAF HECH AT e RAl 2 e bioet 3t B ERey o

t abl e hagetheewithadae piamblelraie thibei vimgiindaiaxi bal@highdeglebhef aptiaaigenent
of figure 4 is retained.so that LEDs behind their associated ertyres 512
ore tor reamaivs SRS, i Bherlr B Hhon 0 uTeRii RS SrdBRHi oF hore
201 1isn thenmdirf fovegimpidlin acdrddnus with ffguenB, ob thddedreasf bpticaalspmnetie

i magi ng axi and this directional LED 519 woul d 25al so obstruct the view

of the d&%g%dévg?%ﬁ‘%a 106. It will be appreciated that, despite this
problem a systemin which the imaging axis 107 and rotational axis 117 are

co-inci onvEev%gr}ncps? pioﬁg%le% r(rj?ann%gn%siar}e ol E)Jro t?credot]; e g)%écting tolerances needed
to obtain a high degree of optical symmetry. While this might be interpreted as a

20  general acceptance of poor workmanship, it can also be argued that the beauty or
attractiveness of a gem diamond is related to how the diamond interacts with light in

general, and not how it appears under a specifically contrived illumination and viewing
arrangement designed to emphasise optical symmetry. In such diamonds the accuracy

of faceting, provided it is not too variable, is sufficient to produce an attractive diamond

25  atan economic cost.

Thus in some circumstances it would be desirable fo provide illumination that may be

considered to be natural or uncontrived, lacking any obvious symmeiry that would

interact with the optical symmetry of the stone. An exemplary amangement is
30 illustrated in Figure 4, which may be compared directly fo Figures 2 and 3.

In Figure 4, successive LEDs behind apertures 412 are advanced in phase by
approximately 137.51°, an angle commonly referred to as the golden angle. This

angle, which is encountered in natural growth forms such as in spiral phyllotaxis,



For exanple, the two central LEDs 519, 520 may sinply be omtted, although
this 30. woul d ave a risk that, while the dianond I in a
generaﬂVQZQFW¥§% i ve manner, an inscribed mark woul d no éﬁgg%ﬁg?f t he

di anond table facet normal were too close to parallel wth the inmging axis
117. This arrangenment is sinple but runs the risk that the operator would
have to reposition the stone to allowsthe mark to be viewed, to the
detrinment of the overall quality of presentation. WD

2010/ 010375PCT/ GB2009/ 050862 19 Alternatively any m ssing directional LEDs
can be peag@est akhti aicoetde epirte AFDsystceanranybdareaisbhatiy endomangbownsan f or

puffing this jnto effect .is illustrated in FEigur ) e arrangenent of
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structure is again a conbination of directional LEDs 609 and background
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additional, directional L 630,. rel ay. | 631 and. _beam spl it are
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t hat woubgihatries eevvider Upirectatnplet iendeal orsobiteey piEBebB6S&Xhmdcedsiact ual | y
beenﬂin the centre of the diffuser 611. Entrance Pupil Matching Referring

back!® o BiGWRFELE eMAPY§8heral , the optical systemforned by the imaging
devi ce 1Bguanrd-4 Hustratesthd 06e wi Infrothaniney ailt eatweemdbe pugding bxisdb2dndtheng t he

imaging axi,s. This, .20 is_an i of,. .t he . r t of .t | 106.
The | ocatighnaats &f 3¢ 6?ta{yh§tag%ﬁ%§hcéypﬂg‘f"ﬁlgﬁ%% ﬁtr 'm@%‘? 408t Q%%;P %&%’nce on

t he nat usgerofe thayi fragasabiogneds, andt be japganapleing of ihe bbbpfibctivoalar r ange
the reflection of the entrance pupil in_th le f t tone 113
to coi nc[r%és’éim??’éﬁ@?é? ﬁ\&o:ajp[%ﬁmgﬁgyg%rgg %rvlvt?th%gtg?ﬁ’aorﬁf@f Ofﬁ{%eehﬁrl&r"%ggﬁonal
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t he ent ruasré%e pupils are matched to the illum nation towards the high

20  Figure 5 illustrates a diffuser 511 for use in a system in which the rotational axis 117 of
the rotary table has been made parallel to the imaging axis 107, but the arrangement of
figure 4 is retained so that LEDs behind their associated apertures 512 are formed in a
spiral. The central LED 519 now falls in the centre of hole 201 in the diffuser 511, and
thus in front of the lens 106 along the imaging axis, and this directional LED 519 would

25  also obstruct the view of the camera system 105, 106.

It will be appreciated that, despite this problem, a system in which the imaging axis
107 and rotational axis 117 are co-incident can be implemented in a number of ways.
For example, the two central LEDs 519, 520 may simply be omitted, although this
30 would ieave a risk that, while the diamond may be viewed in a generally attractive
manner, an inscribed mark would not be seen if the diamond tabie facet normal were
too close fo parallel with the imaging axis 117, This arrangement is simpie but runs
the risk that the operator would have to reposition the stone to allow the mark to be

viewed, to the detriment of the overall quality of presentation.



30 magnification end of the zoomrange and the condition is rel axed at

| ower -ons. An advantage of this approach i 1 field
of V|e&&%;?(k§ﬂ%%talned than the dianeter of |ens 106%N?Qgﬁ§g%@%ﬁ§%e tabl e
facet of the genstone 113 nay be presented over a range of angles, the
accurate matching of the directional illumnation would require the
directional LEDs 109, or their appard®t positions, to be on a spherical
surface centred on the genstone 113, rather than on a planar surface as
shown in figure 1. This is a conprom se 5 introduced into the design, for
ease of manufacture, recognising that, in practice the gemstone 113 will be
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| i near sHifideerl®B asng applires 663, #Adouglechwlind i@’agﬂgaﬁim@ﬁwknd roteidedal ATS
302MM wi Eﬂséqm&émﬁ&@e\ﬁ?l This was powered by a size 23 stepper notor and

a Sinttep”single’ axi s Stepper system supplied by MlLennan Servo Supplies

Lt d. of Surrey UK. 20The SinftStep si ngl e axis was controlled via an RS232
inte I oJue ) T S

naselibi o5y e RSt FER P& BB Bnglecivlang el SREY e ZRIEREIASTS | (e

out put slﬁhé trelef/ iel18|\/ﬁ3(blf0!'2'825'] 9!1(5@(1&(1 1!]1&9&1@SﬁDDtﬁferEbWtaichmmmately unit
magnification, of the additional directional LED 630. The beam splitter 632 allows a
portion of this image to be projected ailong the imaging axis 607 so that the image 633
occupies the position in space that would have been occupied by the real source LED

15 630 had it actually been in the centre of the diffuser 611.

Entrance Pupil Matching
Referring back to Figure 1. in general, the optical system formed by the imaging device
105 and the lens 106 will have an entrance pupil located along the imaging axis. This
20 is an image of the aperture stop of the lens 106. The location and size of the entrance
pupil has an important influence on the nature of the images formed by the apparatus.
It is helpful to arrangs the reflection of the entrance pupil in the table facet of the
gemstone 113 to coincide substantially with the apparent position of the directional
LEDs 108.

25
if the lens 106 is a zoom lens, it is likely that the enirance pupil will move as the zoom

settings are adjusted. In practice, pupil matching is most important when viewing an
inscribed mark and this is usually carried out at the highest magnification. Thus in one
émbodiment the entrance pupils are maiched fo the illumination towards the high
30 magnification end of the zoom range and the condition is relaxed at lower
magnifications. An advantage of this approach is that a wider field of view may be

obtained than the diameter of iens 106.



25 a reduction gearbox of reduction ratio of 400:1. The notor speed and

direction were controlled manually using the voltage control knob on a DC
power sWSﬂ”V’%‘t‘Jffﬁl ied by Thurl by Thandar |nstrunents O?C%ﬁ%(lo?/ﬁﬁﬁﬁz UK,

nodel Ex357tv and a polarity reversing switch. 30The diffuser 111 was
fabricated fromclear 3mmthick Macrolon pol ycarbonate sheet and was
approxi mately 150nm square. The di ffws ng effect was obtai ned by attaching
two sheets of drawing filmto the underside of the plate using 3M
spraynount adhesive. This conposite plate was drilled with a plurality of
hol es apwisd metiably fReiof thedjexh@bey 118aedy tobrsbheli ved asangd at andigs, axi s

di
was directed towards the centre of the . 2010/ 010375PCT/ (B2009/ 050862 21
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control | edDbyYs tdifigBle. via a USB interface card nodel U3- LV by Labjack
corporation of Lakeview Colorado USA, and a proprietary interface that

al | owed each individual directional LED to be driven with a current of
bet ween @xamgie20 MA. The background LEDs were simlarly controlled, and

wired in series so 15t hat the ould he driven with a controlled current of

Dt waen OF EEeHEONRAL SPGB LS A Bectlte 6 BEHP Tiat sreSmblotor Btk bes e o

mylﬁ angh ivas erder dtetniaiutDalbyznste drente skipsore rehae @ 0R Wk otiedr daftss canera
| C | no ClJrCcu

|l.ar, pbut, dependi.n ttke?X erture setting, .isS
appr oxi nERBIRRTPLELAGY ETSIPRS. | ERKEa o8 A5 iRex i THe PR AR BIZHES: he
fronts f agglirel dt Be aage®Rr 8° Whes vehigaicamera was set to its |ongest focal
| engt h
The linear slide 103 was supplied by Aerotech Lid of Reading Uk — model ATS 302MM
with 50mm of travel. This was powered by a size 23 stepper motor and a SimStep
singie axis stepper system supplied by MclLennan Servo Supplies Ltd. of Surrey UK.
20 The SimStep single axis was controlied via an RS232 interface from a IBM personal

computer {(PC).

The rotary table 104 was assembled by mounting a rigid disc of high density
polyurethane foam on the output shaft of a Maxon 2325.915-11.111 dc motor fitied with
25 a reduction gearbox of reduction ratio of 400:1. The motor speed and direction were
controlled manually using the voltage control knob on a DC power supply supplied by
Thurlby Thandar Instruments of Huntingdon UK, model Ex357tv and a polarity

reversing switch.

30  The diffuser 111 was fabricated from clear 3mm thick Macroion polycarbonate sheet
and was approximately 150mm square. The diffusing effect was obtained by attaching
two sheets of drawing film fo the underside of the plate using 3M spraymount adhesive.
This composite plate was drilled with a plurality of hoies approximaftely 5mm in
diameter, each hole inclined so that its axis was directed towards the centre of the



An additional doublet |lens (63DQL6, supplied by Coner Instrunments of
Canbridge Uk) was nmounted just below the diffuser pla j nodel 10
XE 16 I‘gﬂg‘”@)&w:‘,ﬁfi tted 25 into an 18mm di aneter hol teP%gl((?‘Fﬁngt he
diffuser plate to formone assenbly The | ens was approxi mately 60.5nm from
the gem di anond 113, with the canera nodul e approxi mately 15mm above the
doubl et lens. The nore curved side of21t he doublet |ens faced the canera
nodul e. 30The apparatus offered a field of view of approximtely 3nm x 4mm
at the highest magnification, and offers an field of view of 9mm x 12nm

Wi th m nirgtaly tebignel! ivhgh lvarsgeSmdi ellals tod diflesy. nSiytebe diretizinaedhitbbmnwi t h
sone vignetti ngl_. VE%?“%O/Ol%?,??E%?@éng/' 50? 2,22 The.doubliet Ireens
per f or s S@MARITL G5 0DEMRG ipcRG THH 4+ YT} R&OUSHRR KIFAIE A9 WPSity so
t hat thepgaRUA aFRA4EdE abBydihgrio the tiwagspial patternaildstadtsd ioffigues “margl ng t he
entrance pupjl of the c ra nodul SO at it is approxi el Ommin
front of "E’t‘(g{@ad{‘ﬂ?ls‘ﬁe“t *”’foeﬁg, 0%5 "E‘Epoﬁ 9'\%%?{ 95%?1 é'&?@ci’ﬁ??‘%m? ﬁ%‘g?@me}ét’ ®the gem
di amond L&Bstviee SeNioanes \eukaly issd fosirgmplastic [Fresamrglies, wanntduetqd ane of
the diffuyser plat nd th ch to the illumnatipn. In practice, this
mat chi ng‘L”\R%]y 8?‘?5@3’ uEO @f%%ﬂ&ﬁ)}o\wa&dﬁ@e 9?\’8:3'%90%al cul ation, adj usting
the relative position of the canmera nodule and the diffuser / |ens assenbly
10 until, as the turntabl e rptat he specul ar ref j e table
facet of At ﬁ)é‘*’*@%ﬁ@dﬁaﬂwﬁ%”&pbgﬁ)ﬁeﬁ (SLB’éeol”I F%’?Aeﬁapggetﬁwéwmé%n}v%%ut any
obvi ous ABULARD IRGr @8Siat petié@blith a diariber camedmam omge alersindun plidy patePAL
format and di.spk?%{vfgcg on_ an % (j@_CrZD noni tor 15manufactured by Lilliput. The
vi ded coffRiodme PR AN eieA™EEi gital vi deo sequence using a Pinnacl e
510 USB Vvihglape@iapilUEDund$ weennetttaiddthy thid PQia a USEhartafgoaratdisodals used
to denonsirate the attractiveness of a0, 67 c t_round brilli i anond
nscr T belbun By LABaRb PRDBAIT T Py R ediedat PSR Al afortery i ifed

that allowed each individual directional LED to be driven with a current of between 0

and 20 mA. The background LEDs were similarly controlled, and wired in series so

15  that they could be driven with a controlled current of between 0 and 350mA.

The camera 105 was a Sony FCB-EX11DP colour camera module and incorporated a
10:1 zoom lens. The entrance pupit of this camera (which is not circular, but,
depending on the aperture setting, is approximately trapedoidal) is located
20  approximately 110mm behind the front face of the camera when the camera was set to

its longest focal length

An additional doublet lens (63DQ16, supplied by Comar Instruments of Cambridge UK)
was mounted just below the diffuser plate in a Comar model 10 XE 16 lens celi, fitted
25  into an 18mm diameter hole drilled in the diffuser plate to form one assembly The lens
was approximately 60.5mm from the gem diamond 113, with the camera module
approximately 15mm above the doublet lens. The mare curved side of the doublet lens

faced the camera moduie.

30 The apparatus offered a field of view of approximately 3mm x 4mm at the highest
magnification, and offers an field of view of 9mm x 12mm with minimal vignetting

Larger fields of view may be obtained, but with some vignetting.



20f ol  owi ng nmet hod. The camera was set to an aperture of f/5.6 with an
exposure tinme of 1/30 second and a gain of Gdb. Al the directional LEDs
109 andVOr81Hi0FHse LEDs 110 were driven at a current SUVEBHRYEHED50m
respectively. 25 The dianond 113, supported in a ring and nounted in a ring
hol der 114 was placed on the rotary table 104. The nmagnification was set so
that the dianond approximtely fillegsthe vertical field of view Mnual
centring was carried out by the operator and the focus was adjusted. The
magni fi cati on was then reduced so that nore of the jewellery 30ring was
visible Tipg dQibiit YedapbiorAlda WS @t of BrifiAbe idBge dhendlyamdmigmens i r st

observed directly fromthe front of the aprgar atus. This was seen to be
pr esent ediNAY A attheceTed Pa BIRY faBmBRLNREE Chiy ¥FA'Re esregmaging the

scintil| ghtrome pubilasf iR BehekMRéINRS00RES BedRiiolifaRE NAMH 3 frorSorans
effective, and not contrived or a%|f|0| al. The npst attractive

pr esent adPBeEssoBP dNaWNERdreliedient JPm e e Brthe gems diamdidud { ke per

mnutsg, BHiraﬁ&éégﬁpﬂf @t a6 anal LepeRss, GAUAE phendisethe &itRXEs platd eAlitRs was
drawn to the L screen where a simlar but nagnified view of the dianond

and supp8rhed P &ty aing!ihas di spl ayed. The nagnification was then
i ncreased so that the dianond nearly filled the field of view, draw ng
attention to the dianond itself. It was found tlhat a range of visual

appear anfe A6 d e BHEAPHHPDFEEM St AEFHIcab AP ERAE dafe LlecicU3fon.

backgr oungiuaity sherestivepaditidr bRk Ak eRa modlieSahdtid Hifitdd N9y asdeatds) es
coul d be observed distributed throughout the dianpnd in an attractive but

not Hbvi BUE| 5 HpHEitrbledpialed: the fpe éﬁféeﬁ%qufrqraé%@*ev@@f ddeedeMal 1y a

transiti ganfdnaappebkede telilihinbisdainifhhiya)itHont Y kbagai Motidhbcrebfeles coul d
be characterised as a transition through the visible spectrumfromblue to
red or vi@®® versa, the colours bei ng nost obvious at the blue and yell ow -
red ends of the spectrum This is the 15phenonmenon known as fire in the

di anond trade. In the course of otation the operator was able to
i dent i fy' ¢ ABSEGHERAGE WEEAUIRI 17 g’%eiefréf Mghalag! ?%)GQSI%“ £y éﬁ?ﬁlempa'mre facet.

By sid t chhRgrabifsdby ERibiOMae idebcoli9a196 be b@pt&ﬁéﬂi%@@igﬁté&ihid&@%a@@éﬁbb| eto
identify which LED was causij ng the reflection. This LED
using a Pinnacle 510 USB vided capture unit connecied to the PC.

The apparatus was used to demonstrate the aftractiveness of a 0.67 carat round
brilltant diamond inscribed with the Forevermark logo and a serial number using the

20  following method.

The camera was set to an aperture of /5.6 with an exposure time of 1/30 second and a
gain of Odb. All the directional LEDs 109 and the diffuse LEDs 110 were driven at a
current of 10mA and 250mA respectively.
25

The diamond 113, supported in a ring and mounted in a ring holder 114 was placed on
the rotary table 104. The magnification was set so that the diamond approximately
filled the vertical field of view. Manual centring was carried out by the operator and the
focus was adjusted. The magnification was then reduced so that more of the jewellery

30  ring was visible

The rotary tabie 104 was set to rofate and the diamond was first observed directly from
the front of the apparatus. This was seen io be presented in an attractive fashion,

demonstrating sparkles or scintiliations in a manner that was considered fo be natural



20was left switched off so that no further specular reflections were seen
in sub tations. Finally the dianond was brou i,n t he
posi ti éﬁg\%ﬁ@?%ﬂ;@ﬁe specul ar reflection had been obser\?e&j!é%ﬁgﬁ%tg?dlzcal

magni fi cati on was increased to its nmaxi mum value 25 The lighting was then
slowy swi tched, over the course of 1-2 seconds so that ultimately only the
single directional LED that had beenZpreviously switched off was now on,
reveal ing the Forevermark inscription on the table of the dianond. Sone
digital zoom may optionally be enployed to allow the mark to be nore easily
read. 30ant effaatvd, amdchdt lvantrivad pr ertifarialatTheaciostettretfiee peeseotdtibnbeas

gener at ed, |.ngl gSLEQOEaL{{ong%&f@ldi 7 3 edst r%'\lolu’glons png‘HiﬁﬂMrafgglftt Qtﬁetg:rc%\%ﬁ(ﬂl%l to be

vi ewed dgptiaglgld y ocus to introduce blurri hen Yy movi ng
it into Bpeds.couldbeused. Reducing the lens aperture (for exanple to f/8 or
f/11) to reduce the overall intensity of the Iight and increase the anount
of "Fire' that could be observed in each scintillation. Al | ow ng

t he taur nNaki ett¢rdionotastdrawh dwmihg LEID ewaen wheresg sinsikr bhiemagistied pewadthwas 5
reveal ed ,t [,0 e e st ts o I IS
ccanned 46nsBE HHE SRph RGBS i iR ST ARelil R

oper at i ngctdasedisbtthatohe eNaradnd meariydilled ing ficld ofi Yewndrehvirigeatioedon théhe

i1l um nati ) nt.r i C t_ of ri ght
trano: ¢ SrTera0Ee T o PRIP LR, 3 rh LEAMS e ahEhl el e BBlafielty

i nt r oducadjestinga ty naeiaocef beleesni e baekgswingt i dridatdietigfd edluryyation t chi ng

e EDS RO sl B30 SRt Bl RcbETR, gl o d o o

differ wever ese effects co ere
cont ri veattroctivermanar ctvicusly synghetri¢a pben. éiphoyetiapond weldeyessentatiyal | . 15

. f.ener f o f
exanpt e 18 oo it beReg Ghe PR WP gk ok LR REH B Rl | O
centre tdwms traositich fhemegl the Wisibimsectishoimdluchiatred pevaErorasadi dolpersd t o
place t e ] SUEI B¥oLLLPrEuEBRELBALS Vtddehdiof RBIBEEAROTAN ¥ the

hori zontal.
15  phenomenon known as fire in the diamond trade.

in the course of the rotation the operator was able fo identify times when a specular
refiection was visible from the table facet. By switching the directional LEDs 109 off in
sequence, it was possible to identify which LED was causing the reflection. This LED
20 was left switched off so that no further specular reflections were seen in subsequent

rotations.

Finally the diamond was brought to rest in the position where the specular reflection
had been observed. The optical magnification was increased fo ifs maximum value
25 The lighting was then slowly switched, over the course of 1-2 seconds so that
ultimately only the single directional LED that had been previously switched off was
now on, revealing the Forevermark inscription on the table of the diamond. Some

digital zoom may optionally be employed to aliow the mark to be more easily read.

30
It was found that many other attractive effects could be generated including but not

limited to:
Allowing the diamond 1o be viewed deliberately out of focus to introduce blurring

then slowly moving it into focus.



In a further experinent where the support nenber 102 was pl aced vertically
wtht r t.abl e 104 horizontal so that the inagi W4 and
rotatigﬁgﬁgg§ﬁ§ﬂ117 are coincident (as in figure 5), mﬁtﬁé%ﬁgy%gﬁ?ral LED
omtted, it was found that a specular reflection fromthe table was quite
often not seen, rendering the apparatus less reliable. 25 It will be
appreciated that variations fromthe2dbove descri bed enbodi nents may al so
fall within the scope of the present invention. For exanple, the system has
been described with reference to a rotary table on which a di anond can be
pl aced. It wi IRedoeinaphe tarisadrediurd &or ekampld wnfithat T/oh) istreddataiie ewsdalibr
canmera may be rotated,r tiV I J ; Lanmond
bei mg- phytredy oh R R MeletRsui Rt S P 3 SR el P ee?

aest het i eahtiljatipheasing if the dianond itself is rotated. As a further

alternative, the dirgecti b i I provi de
t he effect of Aﬂoxyuﬁg aﬂ'? %dgrﬁt{%ﬁ‘eu{%ﬁ%fgfé r(ﬁccfaoﬁ%ayoapﬁga% Qhémldﬁ&%% Wés
2010/ 9108BRET/ (GH2ONGEGGBER of Bonirashelfetts am,thé tighi $durdseisaispness agreeh t hat it

may be p ss%@ﬁgcéﬁwgoqfﬂ?edg%_i onal directional LEDs instead of the
iffu

backgrou ser, although this may affect the bal ance between
sci ntill ati on®etimstatelyckgraingdhd WhiLip nesed g mank with auyistiesttiebetwaertitet i cal | y
pl easi ng,,. 5. The direct.i i C e Med "

directi oH‘BW"LaE& afGQg'IRtl(r)ag’g? e%J dnﬂgﬁlg n%gﬁ%l @% %’?élcgl%a%rbggg?(?usrr@gpﬁg&?oﬁ t he

di f f user travdeliingl dcrasislthe befappr eci at ed t hat any suitabl e arrangenent for

provi ing directional |ight nay be used. In one arrangenent, directional
| i ght” may be provided by LEDs (or any suitable |ight source) |ocated behind
10 col | i retdsngisd possble tFhesmiucemsts dyagmizeeientdintotha ednidiation effeetdy

f bly. onto,.t ; i f f tf
Pheu o pavidHOrENEUPRE b 8% Qiblenl o adhe (FDR RERBNG B SISES
t he di anvifférestiadadireedtowduwerdbesedifschsfcatiEd be doneidesed tabe gontriMediaici dence.

15Furt her nor, ; ibed with a base and generally
verti cal U%Q%%é‘r%n%ennéﬁﬁg?é %#%ﬁ@eﬁéﬁﬁ%ﬁiﬁ?g@gd t hat other arrangenents

w | 115be available in practice, as long as the necessary rotations between
di anond, i |l um nat i r e i | ong as
the camet wes oS alel i1 ErEpE BRG BeliRBy e BRRISHF L BRE A1

(i ncl udi vgs tise fwirewihayit sendedrty tesife BEDseRrgoihat g trg Chatwanld reveagihe,

througn AT R oY TR parataa iR B3LGy RE sIbuBly Y i M SR e
be vi ewettle $ibiel ldzanexhshgrizontdd.he screen and "in the flesh”. MCSLLP 26
CLAIZIXB:
In a further experiment where the support member 102 was placed vertically with the
rotary table 104 horizontal so that the imaging axis 107 and rotational axis 117 are
coincident (as in figure 5), with the central LED omitted, it was found that a specular
reflection from the table was quite often not seen, rendering the apparatus less reliable.
25
It will be appreciated that variations from the above described embodiments may also
fall within the scope of the present invention. For example, the system has been
described with reference to a rotary table on which a diamond can be placed. It wili be
appreciated that the illumination structure andfor camera may be rotated reiative to the
30 diamond, instead of the diamond being physica!iy rotated, although the results tend to
be more aesthetically pleasing if the diamond itself is rotated. As a further alternative,

the directional LEDs could be activated in sequence fo provide the effect of a rotating

ilfumination structure.



1. Apparatus for view ng inages of a genstone, conprising: a support
structure for porting the genstone at an observati eceD an
illum n‘gf%izgwmsﬁﬁgct ure arranged to illumnate the gensq{&gﬁéé@‘)h%%&n
illumnation structure conprising a plurality of directional |ight sources
directed towards the observation position, the support structure and
illumnation structure being rotatabk8& relative to one anot her about a
rotation axis; and an i magi ng device for obtaining images of the genstone
at the observation 10 position at a variety of relative rotational

posi ti onsn bedineent wWilebd bppretiatatiithat it tmaydicupessivie s wsp @dditisbaludieatiaal t he

| magi ng i ce hayi an_ i in S th e n

posi t i ongg}s‘S nstea O?&/H%;L@CE&%H si%);gjpso?ﬁg (ﬁ¢dl}%tru?@h i Ha{}*ﬂaw gdﬁi\éﬁme;t t he
genst one b@ma;cbe;emvaenedcamthenmlasérbzaa:ﬂ(gmurpbéhumzoatwm &hich raaw\/ay ledrmat t he
nor mal %‘P ﬁct‘ed facet of the 15genstone is within a range of tilt
angl es fta8 18" BFa¥"%n axis; and the arrangement of directional |ight
sourc®s is such that: f or any tilt angle within the range, at | east
one of t recti |, 1ight r arl.y, I omt he
sel ect edqgﬁcdé' C?Wgﬁ&ﬁesquﬁ% E\%Léd%\’/eﬁcgg%mbgg asﬁoggésgthgééniel'é%{ A? § %té%om tion
of the supiod holss buclkar eperamets 2 i theciifuiseahl be ltwik balapsediatad thhkany

| t t t I f t
b L PR IGECBL Y SR RYEERIR N REE e 1 B 3Pl 5d oy 02
t he f acetiradtioadl Yigot meylbe|p|r¢vs<mmgb3eLEID$1@rcﬂnye:-mﬁtiaidaaghﬂ 3ogime)$®ata§ie®hbei ng
d t hat, at t ed
on (He°! salteaGrioBrs o er feg retR HE Bk Bl @R oF BRI eoe ™,
The appan@jans;uﬂécecéfathmdﬂffusmhé’rre‘erabtyﬁbedherrsestsuhounlalbel atrgmges}(surtlmﬁgh@ray

arranged h[?h?t?ﬁg ;é{ﬁ%,g}e‘é‘?h ,ﬂPee tggﬁlfn%\/}‘d:fﬁou lrgeeq h?ﬁd@%ﬁg

sym"retry claim |ona Ilght
sour ces rheaBtamabingedngeneral |y uniformy across the illum natl on
structure. 4. The apparatus of claim 3, wherein the directional I|ight

sources are arranged so that |ight sources on successive |oci are advanced
i n piRseriyhamoanghe appetatas h89 been #83cribesiowdls atimaqara)'dijg@ﬁeaalgp\il&rataipat tern.

11 uri nat BT GT e ar BTG oA arnge B e S DB w6 Sebed

general i fragi ng ‘devi ce and
t he obsegmaiideoas pasj bs ding nw:édsaar fogitiens etveeni diibnmndl,alﬂiummasmrr gictaiwre to

enabl e 1] At £ 9PEsSud "AMel B8 SRPEL YAl 85 tRORLALAD obP bYBoldiBY dAdirdevi e
diamond. In practice, the elements (including the viewing screen) may be incorporated
20 into a single, stand-alone instrument. Such an instrument may still have a large
opening through which the diamond can be observed directly, so that the diamond can

be viewed simultaneously on the screen and “in the flesh”.



5 6. The apparatus of any preceding claim wherein a virtual directional

| i ght source is arranged to provide directional |ight along the inmaging
axis, the virtual directional |ight source conprising a beam spiGitér.

107. The apparatus of any preceding clgin1 wherein the imagi ng axi s and
rotational axis are co-incident. §_ The apparatus of any of clains 1 to
6, wherein the inmaging axis and rotational axis are inclined to each ot her,

for exa & k. an angl e between 0 and 45 or 0 and 155. 9. The apparatus of
any precech rlug ¢laim wherein the illum nation structure further conprises a
diffuse light source for illumnating the genstone. 2010. The apparatus of

any precedi ng | | n - e | L.tdi.Qn is directly
observabﬁ'e by A@%@@rﬂw;ﬁié@ﬁ@ E@%g%f@%uie@%‘&%feg?g%gg"i ng claim further
conprising a disppeystsoteeriofsippditing theydempstommgtedn oiseaiatied pbsitiehe i nagi ng

devi cg. 25 12n ikifnARDALRINTe UrrABYy RS BERHAG 16d 2bMsidd MY AfnAludiod e

el ements are integrated 1n a stand-al one Instrune ) e apparatus of
any pr ecettugigrec campiising rared!its ooft Hisgctianali hgljesafrees riiertegdotowasds itsed on

the sel e%ﬁ?&vét@ﬁ?%sﬁ%ngj% g&ﬁﬂ%trpf'tﬁlac:ttgﬁ%ﬁ%il%ﬂaﬁopﬁtrh&ﬁré B@tﬁ%}/ Neafipwd ce when

light fromone o i rectional t sources 1s specul ar reflected
fr om t he refelivede ede Baetber anud atrplatiomags®jddevi ce.  MCSLLP 28 14. The

appar at us of ghaiBhihg: dideARYeIbtAANG RhgRObN tHdTBEGSIohk | 4tSthe aldsBRatdie Pl ay
10  position at a variety of relative rotational positions between the illumination structure

and support structure, the imaging device having an imaging axis passing through the
observation position;
wherein the support structure is arranged so that the gemstone can be placed
at the observation position in such a way that the normal to a selected facet of the
15 gemstone is within a range of tilt angles from the rotation axis; and
the arrangement of directional light sources is such that:
for any tilt angle within the range, at least one of the directional light
sources will be specularly reflected from the selected facet into the imaging
device for at least one rotational position of the suppert structure; and
20 a locus can be visualised on the illumination structure of a reversed ray
reflected in the selected facet from the imaging device for a 360° rotation of the
support structure with the facet at any given tilt angle, the directional light
sources being arranged so that at least one of the directional light sources is
located on the locus for every tilt angle within the range of it angles.
25
2. The apparatus of claim 1, wherein the directional light sources are arranged in a

pattern which does not have 4-fold or 8-fold rotational symmetry.

3. The apparatus of claim 1 or 2, wherein the directional light sources are

30  arranged generally uniformly across the iliumination structure.

4. The apparatus of claim 3, wherein the directional light sources are arranged so
that light sources on successive loci are advanced in phase by an angle such as 90° or
137.5° so as to produce a spiral pattern.

35



light in the genstone and an image of the mark can be di splayed to the user
with the genstone in the observation position. 515. The apparatus of claim
14, further conprising a processor for analysing the i mages obt @}sm&qﬁby t he
i magi ng device and identifying the ra%Yati onal position at which one of the
directional |ight sources is specularty reflected fromthe sel ected facet
into the imaging device so that the inage of the mark can be obtai ned.

1016. The apparatus of clai.m 15, wherein.the, processor i.s_operativel.

connect edb 1o o BoRPRATU8,2 A PIEFoTBRTN VBT nanT dlm e ST B bet veen
t he suppafrtangéd geherady astveehehe lilmaginhgalevioa asidr thetabrservaton pbitorg avitir @l

vor opri e Paba ey SETHE bR bE-THEARS kot B Shield BREAG oy e

to the uskes ireddiey dévies. i mages il lustrating the play of light in the genstone
have ]15been displayed to the user. 17. The apparatus of claim 16, wherein
the control systemis adapted to control the operation of the directional
| i ght sout ces, Tremnbpleupobaeswgeceding ddaptvdereio a dewlidirgctdmatkghdisewce i onal

| i ght source.i ecularly r ; i . ect [of =t . support
20st r uct U¥ g?rﬁgg%cf PO[ ﬁév%p%ﬁaeﬁrﬁlé’%%g'bﬁg?%p ? gﬁ%ﬁ%@ﬁ?tﬁ%h&% %tu yMFﬁeHe Cﬁ%%‘ér at us
of any prigbestiunge aingirisingwhieean apitlee range of tilt angles is between Oand
100 or between 0 and 5. 2519. The apparatus of any preceding claim wherein
t he i magi ng device includes a canera such as a CCD canera or CMOS canera
havi 1@ a 7. ens.THeCegPastapphamt preceding Clainm vitgreintibe énaginhexic eng rpletvnales a
range of ar;%gé}' fciogr%& Qs and/or the canera is provided wth sufficient

pi xel s toenabl’'e a"digital zoom 30 21. The apparatus of any preceding
claim wherein the support structure is noveable towards and away fromthe

I magi ng Vi Ce: f ol @ -ToXcTe I 2 Wi AR BiaRoddie
support gg?rucﬁ&ﬁggqpﬁc:%?ﬁsdggg?ggaam% 1 & e 1 Qgﬂgdlﬁé Bhis Y08 1Biaflo
axis are inclined to each other, for example at an angle between 0° and 45° or 0° and

15 5°

9. The apparatus of any preceding claim, wherein the illumination structure further

comprises a diffuse light source for illuminating the gemstone.

20 10 The apparatus of any preceding claim, wherein the observation position is

directly observable by a user.

11. The apparatus of any preceding claim, further comprising a display screen for
displaying images obtained by the imaging device.

25
12. The apparatus of any preceding claim, in which all the elements are integrated

in a stand-alone instrument.

13. The apparatus of any preceding claim, arranged so that an image of a mark
30 inscribed on the selected facet of the gemstone is obtainable by the imaging device
when light from one of the directional light sources is specularly reflected from the

selected facet into the imaging device.



35rotary table. MCSLLP 29 23. The apparatus of any preceding claim wherein
t he genstone can be placed on the support structure supported by a genstone
support such as a jewellery setting, a jewellery setting Iocateqﬂyégngn a
box, or a mount for |oose stones 5 24. The apparatus of any precedr“g
claim wherein the directional Iightzg%urces conprise white LEDs. 25. The
apparatus of any preceding claim wherein the diffuse |ight source

10conpri ses background L |l ocated behin dj.ffuser. 6. The par at us
of Cany préoed i SAS PRBHGL. CORRRRLrh i bPLLBHRER I sGe et sB RBcor di ng
an i mage fight ipehé genefonenmges gfagehs tid aariotan bglhiisplayet he tigeosdrane tamd/ or a
mark inscribed aon, the genstone. .15 27. Apparatus for generating and

vi ewi ng iSEGEYEIF ?Q%@%(V%BVOBPO?E?@M in a |loose or mounted genstone and an
inscribed mark on the genstone in a single integrated unit, conprising: a
suppor.t ans for_supporting.th enstone in.an_observation sitipon; 20

1 unPnatiPon. TEEraPHRRRGD 1 G Matd g e Qe Eng RIeCoRe. ishearyars ohe

posi ti on,imtdes ohthined ngtthe imapendedonpnd glengfymgphe retbtidnal pbsitien etcwhiomal

i ght sources . and. a diffu | i ght. source; rotation ns, for rotating
the suppdre driangreuuPaeh VR sl P s RGPt r o e ReBRRg Taeelined T or

obt ai ni nghe Mgy ddvidehss thefthe onagd of thdmadbser babbteme@5posi tion; and

di splay neans for displaying the inages of the genstone to a user at a
plurality of rotational positions of the support neans; wherein the support
meand0i s 1ar r afngedippardtratf:claim 15, wherein the processor is operatively connected to a

control system for controlling the relative rotation between the support structure and the
illumination structure, and the control system is configured to ensure that the support
structure is moved to the appropriate rotationat position for the image of the mark fo be
displayed to the user after the images illustrating the play of light in the gemstone have

156  been displayed to the user.

17. The apparatus of claim 186, wherein the controi system is adapted to control the
operation of the directional light sources, and the processor is adapted to identify which
directional light source is specularly reflected in the selected facet when the support

20  structure is at the appropriate rotational position.

18. The apparatus of any preceding claim, wherein the range of tilt angles is

betweer 0°and 10° or between 0° and 5°.

25 18 The apparatus of any preceding claim, wherein the imaging device includes a

camera such as a CCD camera or CMOS camera having a lens.

20. The apparatus of claim 19, wherein the lens provides a range of magnifications
and/or the camera is provided with sufficient pixels to enable a digital zoom.

30
21. The apparatus of any preceding claim, wherein the support structure is

moveable towards and away from the imaging device.

22 The apparatus of any preceding claim, wherein the support structure includes a

35  rotary table.



t he genstone can be placed at the observation position in such a way 30
that the normal to a selected facet of the genstone is wthin a range of
tilt angles froma rotation axis of the rotation nmeans, and vvherfiﬂrl t he
arrangenment of directional |ight sources is such that, for any tﬂf"tSLéﬁgl e
within the range, at |east one of t hé?di r ect i onal | i ght sources will be
specularly reflected fromthe selected facet into the inmagi ng neans for at
| east one rotational position of the 35support neans; and 30 a

| ocus can be visualised on the illum nation structure of a reversed ray
refl ecteds n the sgleated iaceteddirgribife whasgh fig: gevstone Ear ba pBeed bat at i on
of the 535 ort s ructture vm'tp Qe facet at a;%%ﬁ ivgn tilt gn Iet,the

di rect i oraF SHPRARE STEIHE SYPRUISH AT SN APRESUSE Schlvelind sEHingnad

di r ect i onalellengkéttisploeses vitkind ismabed nanunt foe ideeuwsorfesr every tilt angle
vvithiré the range of tilt angles. 28. A nethod for facilitating the visual
appreciation of the play of light of a | oose or nounted genstone and an

i nscri be4mar Kihec opquratss g anyeprecapind elagemeheren tisd dgedtivealaljparsatiuss of any
pr ecedi ng. clalm h 0 E@g. A method for facilitating the visual appreciation
of the pl 89“%‘?@?"‘. é‘ﬁ{" "a | oose or mounted genstone and a nmark inscribed on
a selected facet of the genstone, the nethod conprising: illumnating the
genstone i th pl Lty of_ di onal, .l g ur.Les;: r.Qf.at | t he
genst one 2\élglboutﬁ'é? ragg)%{ali%sn nga}ng F%%%@lﬂ@e&?@ ’tﬂﬁeje%l urtgl i?@aso%f hgﬂli'tr é%%g%nal

| i ghtl0souwoccwsises backgomumd ILEDs [odadedskdhent adifflaeet of the genstone being
within a range of tilt angles fromthe rotation axis and renaining at the
sanme tilt angle throughout the rotation; obtaining i mages of the genstone
as t he geést onider ariraarags ahdnP Pdicsping ydiag, furthar magesising aarecosiver sysidrer ei n
the arrange . of  di t i I .S :SHC : r any
tilt anglrf(gr H\%mg%]lﬁin atrh'lg{asgndég,gﬁ%st&Iﬂg‘gé?égﬁég%?a%ﬁé@m 'Bé@?%mnsatfm? ?8?‘:@ gources
i s speculrzarkynscapeceen tha ganotontehe sel ected facet into the imagi ng device for
at | ggst one rotational position of the gemstone; and 25a | ocus can be
visualised on the illumnation structure of a reversed ray reflected in the
sel ect ed AacetAdpamis fre demagiting ade vieyend onages3@0he piavt ¢fdighbin a kesg@pport
structur i : { i i i 4 ght
ources. BRIt aibAg Sha Bh iofd HERbh e SR Gne P g AELEAT it

sour ces icomposiaged on the | ocus for every tilt angle within the range of

tilt angles. a support means for supporting the gemstone in an observation position;

20 illumination means for iluminating the gemstone in the observation position, the
fiumination means comprising a plurality of directional light sources and a diffuse light
source;

rotation means for rotating the support means relative to the illumination means;
imaging means for obtaining images of the gemstone in the observation

25  position; and

display means for displaying the images of the gemstone to a user at a plurality
of rotational positions of the support means;
wherein the support means is arranged so that:
the gemstone can be placed at the observation position in such a way
30 that the normal to a selected facet of the gemstone is within a range of tilt
angies from a rotation axis of the rotation means, and wherein the arrangement
of directional light sources is such that, for any tilt angle within the range, at
least one of the directional light sources will be specularly reflected from the
selected facet into the imaging means for at least one rotational position of the

35 support means, and



30 30. The nethod of claim29, the nethod further conprising displaying an
I mge of the inscribed mark to the user by rotating the genstone to the
rotational position at which one of the directional |ight sourc&$§Sisp
specularly reflected fromthe selected facet into the imaging device. 31
31. The nethod of claim?29 or 30, whérein the genstone is a dianond. 32.
The nethod of claim?29, 30 or 31, wherein the selected facet is a table

facet. 533. The net f F ' %9 32 f LS| Vi ewi ng
e ermrone oy oy e e Dby 80 TR (2L Mpn LOR oGPRELR05,
reflected in the selected facet from the imaging device for a 380° rotation of the
support structure with the facet at any given tilt angle, the directional light
sources being arranged so that at least one of the directional light sources is

5 located on the locus for every tilt angle within the range of tilt angles.

28. A method for facilitating the visual appreciation of the play of light of a loose or
mounted gemstone and an inscribed mark, comprising viewing the gemstone using the
apparatus of any preceding claim.

10
29. A method for facilitating the visual appreciation of the play of light of a loose or
mounted gemstone and a mark inscribed on a selected facet of the gemstone, the
method comprising:

iluminating the gemstone with a plurality of directional light sources;

15 rotating the gemstone about a rotation axis relative to the plurality of directional
light sources, the normal to the selected facet of the gemstone being within a range of
tit angles from the rotation axis and remaining at the same tilt angle throughout the
rotation,;

obtaining images of the gemstone as the gemstone rotates; and
20 displaying the images to a viewer;
wherein the arrangement of directional light sources is such that:
for any tilt angle within the range, at least one of the directional light
sources is specularly reflected from the selected facet into the imaging device
for at least one rotational position of the gemstone; and

25 a locus can be visualised on the illumination structure of a reversed ray

refiected in the selected facet from the imaging device for a 360° rotation of the
support structure with the facet at any given tilt angle, the directional light
sources being arranged so that at least one of the directional light sources is
located on the locus for every tilt angle within the range of tilt angles.

30
30. The method of claim 29, the method further comprising displaying an image of
the inscribed mark fo the user by rotating the gemstone to the rotational position at
which one of the directional light sources is specularly reflected from the selected facet
into the imaging device.

35



31

31. The method of claim 29 or 30, wherein the gemstone is a diamond.

32. The method of claim 29, 30 or 31, wherein the selected facet is a table facet.

33 The method of any of claims 29 to 32, further comprising viewing the gemstone

by eye as it is illuminated and rotated.



