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Pat ent Appl i FEQRoMEA STIRING U MINESOCENCESD ISTRIBUEION f or

Measuring Brightness of Genstones) and Japanese Patent Application No.
2010- 254869 flechmieal Nigldnber 15, 2010 (a Device for Measuring Properties
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I n thi tron, several specra ters n I'n the
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Background Agkposed to an electromagnetic wave with a certain wavelength distribution. The

present invention also relates to a color measuring device for scattered light of
gemstones, and to a device for measuring brightness of gemstones where the device for
measuring properties of scatterers is applied to measurement of the scattered light color
of gemstones and to measurement of brightness of gemstones. Further it relates to a
device for measuring luminescence distribution of a self-luminescent illuminan.

[0002]  The priority claim under the Paris Convention of the present invention is based on
Japanese Patent Application No. 2010-119349 filed on May 25, 2010 (a Device for
Measuring Brightness of Gemstones) and Japanese Patent Application No.
2010-254869 filed on November 15, 2010 (a Device for Measuring Properties of
Scatterers and a Measuring device for Scattered Light of Gemstones).

In this specification, several special letters and symbols, found in the original speci-

fication, are replaced as shown in the table in Fig.14.

Background Art

[0003]  The applicant of the present application has proposed a device for measuring
brightness of gemstones which measures glitter of gemstones glittering upon receiving
natural light in an objective manner in Japanese Patent Application No. 2010-119349
filed on May 25, 2010. The background art of the device for measuring brightness of
gemstones will be explained below first by citing the contents of this application which
is incorporated herein.

[0004]  Patent Document 1 discloses an example of the device for measuring brightness of
gemstones, which is shown in Fig. 14 of the present application. Fig. 14 is a per-
spective view of an appearance of the device for measuring brightness of gemstones
disclosed in Patent Document 1, which is a background art of the device for measuring
brightness of gemstones of the present invention.

[0005]  This device for measuring brightness of gemstones 60 has diamond as a measuring
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[0014]  In addition, measurement precision may be affected in some paraboloidal surfaces,
depending on their shapes when the relationship between the position of the central
axis of the surrounding portions and the reflecting angle is too tight. This possibility is
not mentioned in the Patent Document 2, either.

[0015]  In the above-mentioned Japanese Patent Application No. 2010-119349, a device for
measuring brightness of gemstones for solving the above-mentioned object has been
proposed. It was found afterwards that this configuration of the device using a
paraboloidal surface should not be limitedly used for gemstones but can be applied to a
device for measuring properties of scatterers where properties of scatterers are to be
measured from a stereoscopic scattering distribution when the scatterers are exposed to

electromagnetic waves with a certain wavelength distribution, and also to a color
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anot her object of the present 1T nvention is to provide a col or measuring
devi ce for sdatmmaxy Of Jhventiopenst ones where this device for neasuring
properties of,scat.terars is used for neasuring color of scattered |ight of
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'maging 119 tpogl? 0? the paraboloidal mirror or the paraboloidal screen; a generator for generating
the electromagnetic wave; and an imaging means for imaging, as planar images,
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the gen8tdne i%scolef tne&&tueldgdﬁﬁc‘t frer spatteadsbli git dhemstomasrof dre [pesinentventioont o t he

par abol of dal \S&r R At fich PRASH DMy WG RGBT S AR AL AN LIBOLNO

data; and fromthus obtal ne anar 1 mgin ata, a stereosco

di stributi on obMepsuEhE colpys Ofg?@ﬁmra@ bahtgy g?WétOQWhGWeWhllT@rmfﬁéﬁl htt hdrsj ze
and the nunbejdiftbd £ thé gblerstdd SyhetSscaérsitl wiwd scitt@%ﬁ:]y[@l@ sda@reten@nd
above-nmention f&éconftgﬁr atah@ a]tlhe devi ce. for O\Aﬁu” bri ght ness of
genst ones of 'ERESAERAPaakglofal BHreLey RiRisstd ntoghs parabApidalseIesA &S si on i n
an obj ecti ve imagdddsy, the hﬁa@hgmealﬁmhstahﬂaﬂw nhegin@tiath] gidtwieay Soforthns ebtgiaadt one

g: It L;telr Iozg u%%agmg cdgl V(I:Orll scgtgeq}ngsolr rz?wa k 1e¥gf?1$d1sl,t101b15tlo% StRéE SC%I’[CI‘CH %gﬁtc ttl{file

gemstone can be quantitatively measured.

[0022]  Regarding the diamond, for example, white color is regarded as best among glittering
colors of the diamond. Until now the color has been evaluated by a human-being
through visual or sensory inspection by comparing the color of the diamond with a
color chart for determining whether it is close to white or not. By means of this device,
however, degree of whiteness or RGB ratio can be determined in an objective manner.

[0023] A device for measuring brightness of gemstones of the present invention uses the
above-mentioned device for measuring properties of scatterers as a device for
measuring brightness of gemstones for the purpose of measuring stereoscopic dis-

tribution of glitter of gemstones glittering upon receiving natural light, and includes a



[0026] It is sufficient to provide a slig at the parabol oidal mnor or the
par abol oi dal screen or to provide a neans to nove a |ight source along an
arc wi t hiwotbe/isg7abol oi dal m nor or the parabol oi dal secEFR201NVO@STer to
irradiate a genstone with a parallel light fromthe above-nentioned
direction. As parallel |light, nonochrone |aser light, white LED |Iight may
be used. Al sOightsduscepsSeudbLa fenepRoi, ﬁsrrgeﬁaa&ﬁg/parhm lighel nmeasurenent using a

| tipleJdight h that.t d. bl
and or 8007430 oy GRS GBHIPE mte el e BRUPERR st Sl
si ze di stri bubnfoguraime, b lgemstond &r beomedsuieght ploedsorf e spadiner pladprm©027] A
devi ce f ql
reasur i ng. deqranch B O AENGANRER SIS hlunithd Ao BRABHAIGNE & RaldRetR Dot on,
wi t hout the Iirgetondstivess a dieesgon egtha Csmt@g@&e@éﬁled)alrw%@éeﬁ@éow stribution

of a self-IuphpeseRA sdrééﬂ&iﬂd%ﬁﬁecﬁ@@n&%ﬁl E(hﬁefc@[ﬁtlré?\ékl@gb}f @ﬁtl&él@%otaﬁng at
par abol oi dal

r or | oidal screen js usi ng
par abol oi dal ?ﬁsh‘gF Pa"é‘Ha]l 1@6% ﬁ‘ﬁtgei“étoﬁf’ S%“i‘d)déf‘r’f atﬂ‘%?éh?%%ﬁr?ﬁs ‘Pu“PHBe
par abol oi dal camtredaxisNegt thelni ghéra&ﬂlftdredlefgeﬁmdnhes tefflectad befnhe paratidieidaelent r al
?ﬁ;ﬁ IO];m;QS E‘@rr{)ﬁ l %0%% ed ongoe t:jilﬁ é)irak? ed?lﬁga ige\?e dtlsh 1e ea %g?heolln?a%gng%gac% and
par abol oi dal as p}aeetnmaamgl datau pichEm thes @ta@e@pbnamhegm&ata p@iemosmplq he

par abol oi dal llﬁﬁfnﬁﬁ’& dluﬁﬁﬁtloﬂ 6fqngth %Eﬁé?atfedi Qmﬁe@:‘erﬂs'tdn\%”fnel%ﬁfngQHe §19@ar?dant ral

axis of the paraboloid scree ecte onto the paraboloi dal screen
and then i madtdungRer gh %Wﬁhhﬁwéﬂlﬁ H@P‘ﬂé dt he i magi ng data, the stereoscopic

| um nego@mge dngd toithiiBoIB-nRntibhal ¢dnk1@ﬁiaﬁaﬂtthé ae\fi&’iﬁ)lﬂ hfédsuriﬂgllﬁr}ghtﬂéls§oﬂjew ce
brings the sane adva eous effects of the suri.ng devi ce. at
consequent | y Sﬁlﬁ‘é’n%é}léﬁ‘?%é%énvéf“’r“é‘b‘fa“o‘?eansH@ e a‘csga“%’i1 re lg’Ed‘? phghectve
properties ofmmaat, therseresandfthd inember oNDeR0 D 1Y 15 /2BRCTnd RAGRINOGRML3 present

| nventi on. A‘Pé’c%ﬂh%ﬁ@ﬂ%nﬁ%rﬁ%z? \ eéa@é’&nt{hhg&uL QOg8ldd fects of the device

for neasurin or neasuring device for
scat t ed@@RAli gHt isonftigeant topregidetarstit dethe perab@mdﬁb@mrm@wtmr@wmwcr@ﬁn or

genstones, apgpiRRIIEMELR b RlovERAZHI Jgke! Mg‘ﬁﬁ&@%ﬁlrpﬂébﬁﬂaﬁéﬂbidﬁ[‘ml&& this
i nvention, have been al ready descri bed ahove. Brief Description of Draw ngs

[0029] [fig. Pifegarabolpidal scigen myprdesindiradigf piggmsione SAthd Rt %hglﬁt fora kA ce
for measuri ngbévd-@bieRe dﬁfsctgﬁhrf&ts (paﬁﬂeloﬁghft hRocatRid labddVight, mﬁte LFEmlight( b)
is a conceptual .dra ¢ l.ust r Ii tn% shi p.bet ween par abol oi dal
sur face and. SyBORRGe ek L Eha Rl HbeBabt shie HREH Ry P ERo R B

[fig. 21Fi g. 2nwtpesighoondeasughithattthree laghr Ii€ht sqlsreds f.er redbblak andgree &aser

rel ationship 13t Q@%s ﬁress%ﬂ(:ﬂe@ gﬂv]rﬁa@P%Wag eéshtﬁik%lzéjdlg %ﬁfl&patfdrtﬂghﬁﬁber

illum nant an I stance o e re ecte |gh romt e central axis
[fig.31Fi g. 3f BAgkIfIPREAIAEOOr0) t hr ough (20) used for conversion wth

respectopboar Q@ﬁe\ﬂée for a{ktas@&g s dehbd G}strﬂ)uﬁti@%@coﬁdlﬂg%’d &8 cbRF ni¥BAFE NY

bri ght ness of ones %é geasur es | ght ness of . oneE hn%

accor dance w9 Sﬁ?tfeﬁ% ?:fng‘élFeé e RS enbiyERt H’é ey thedeii t h
reference to sEmrga méasuis an@redscopiieiuenifa@yerice distifioioh of aselfdimineeeantlire
devi ce, ( b) I&mﬁaﬁtha%% h\zlllc, W fgﬁgwﬁlg éatl(lr%g 4%a1%b(t)18fgiay r\f\(l)rtoq LPt%Pabb vﬂi(?ag rslxgrggn IS a

perspective view s onp ‘
per forns i mageusgdodbesi uﬂgg ﬂ@aiamhoaudad mmsmd aoo}hmmmlantaﬁ ptahed dethedesal point

[fig.51Fig. Bk ﬂa?ab%ldcl&ﬁ %t %x?fhglhhgmfReﬁ%onp@lgxlhﬁﬁﬂl\éﬂt ddthElcbhtrat axifl 9-
5(b) is a bottom'view thereof;
of the paraboloidal mirror is reflected by the paraboloidal mirror and then imaged by

the imaging means. Alternatively, when using the paraboloidal screen, an illuminant is
placed on the focal point of the paraboloidal screen. Next, light emitted from the il-
luminant on the central axis of the paraboloidal screen is projected onto the
paraboloidal screen and then imaged. By analyzing either of the imaging data, the
stereoscopic luminescence distribution of the illuminant is measured. Thus, this device
brings the same advantageous effects of the color measuring device and consequently

same advantageous effect of the device for measuring properties of scatterers of the



[fig.61lFigs. 6(a) and (b) show light emitted fromthe illum nant and
nmeasured by the device for neasuring brightness of genstones; [fig.71Fig. 7
shows a gweapbiioafss2f r equency di stribution (a histogram eCTIP281/B250f each
of the bright dots SB after the bright dots SB obtained fromthe image in
Fig. 6(b) are converted as a distribution of solid angles on the

hypot het i cal %Qﬁrlh%lnoﬁurface LD; [fi g 81Fig. 8 shows a graph show ng an

exponenti al ction of t istribution (histogram of the size;
[fig.91Fig. @@m%?&oé‘érﬁﬁﬁf{fa&&‘é% tONshowi ng the rel ati onship bet ween
t he panedmoi ctaftecssuffft@&@emoﬁ h@aﬁm hﬁiek@salofgwﬂ@fdrmﬁe c?dl'(ﬁlfrﬁ&ﬁunng ]

t heta"

[fig. 10]F|g 0 relati
i B oo 9 frgte RNy ggﬂvﬁgf?earﬁhgﬁsm TR B cut of - a
di anond; [fi | gehRioheg and thesleoiss faangauniisplundhestree fdésaitibirt@npdf thiseénymiing pl e

of the deV|c perties of scatterers of the present
i nvention, %?{10%??%%?‘{3}5@“263%@%%% 8 WD 2011/ 148572PCT/ JP2011/ 002513

devi ce in t hdBtief Besoniption of Dagewitigsg x-ray diffraction, where (a) shows
the fe rlnC|pIeo evice for roperties of

scat t ontf 2 offsn 1 PIATRH B fiBive] SRAERARE A TR R R oS e s ur emen
devi ce in thérightkgrad gathsanes off the gre.’iﬁ]t Finvgntidi8 [BHhdub) ineasurepmhtramasylit by
the color ”E%‘t'lrah?% g&%ﬁ(ﬁl@h E%retﬁe%ﬁ Ea%@ &Jl&g RbceQle a%ﬁ%BQﬁ%tl&fl ;?ﬂ%‘ﬁc resent

i nvention, where scatt e strl ution e ent |ght
(b) shows a §E1§@Qeé%5?¢lglth?§§‘f1?%utlon of red light (R thereof only; (c)

shows a scat g5 b[He dmﬁ)wstwﬁmab a? tlﬁb 9 h gt fof @taﬁﬂ%"tﬁ@felﬁ[ﬂn}{hlpand (d)
shows a scat erl n lgi ution o

h her eof
[fig.14] Fig. qu ago ‘éélﬂwega.hg Frecti %%rgﬁp%a'ﬁ BWHBPHG[]%éS@B%%fe for
measuri ng br|t1gﬁ1ﬁeﬂassdDghtgmt}mteﬁtralmxtshe background art. [f| g. 15] Fig. 15 is

or i ginal spedtiat: pio ke PENERELORERA AU BES PRI aR s B T 27
| i ght sour ce afdakof hgiedat or) 3 arc- shaped rail
[fig.4]Fig. 4 shows a device for measuring brightness of gemstones which measures
brightness of gemstones in accordance with the principle and calculation formulae
described with reference to Figs. 1, 2 and 3, where (a) is a front view of the entire
device, (b) is a side view thereof, (c) is a top view thereof, and (d) is a perspective
view showing an appearance of a personal computer which performs image processing,
calculation and control of the device;
[fig.5]Fig. 5(a) is a front view of the mirror body shown in Fig. 4, Fig. 5(b) is a bottom
view thereof;
[fig.6]Figs. 6(a) and (b) show light emitted from the illuminant and measured by the
device for measuring brightness of gemstones;
[fig.7]Fig. 7 shows a graph of a frequency distribution (a histogram)of size SV of each
of the bright dots SB after the bright dots SB obtained from the image in Fig. 6(b) are
converted as a distribution of solid angles on the hypothetical spherical surface LD;
[fig.8]Fig. 8 shows a graph showing an exponential function of the frequency dis-
tribution (histogram) of the size;
[fig.9]Fig. 9 shows a conceptual drawing showing the relationship between the
paraboloidal surface and the hypothetical spherical surface;
[fig.10]Fig.10 shows a graph, showing a relation between " r" and "theta" in Fig. 9;
[fig.11]Fig. 11 is a diagram showing a representative cut of a diamond;
[fig.12]Fig. 12 shows comparison of the feature of the principle of the device for

measuring properties of scatterers of the present invention, with that of a measurement



4 specinen platform5 support body 6A ghd 6B plane mrror 7 CCD canera 8
framewor k body 20 device for neasuring brightness of genstones 30 device
for neaswOngilusd’nescence di stri buti on 40 device for neasUPXMYOESTPeErti es
of scatterers 50 col or measuring device for scattered |ight of genmstones D
illumnant LL red laser light O focal point P through P6 |ight spots on a

par abol oi dal ggyicé ﬁptﬁe @aé QAR o d i Bl x- ﬁ@%ﬁra@t"brﬁwﬁ% Q{dv&‘s&he £RhgE beal

surface y cetral a par a 0I0|da mror reen | ight area on a
par abol oi dal HEURH thaé%l@s Ord@awrglrﬁprapaa% Séatltﬁfﬁfé deRtgsens pher i cal
surface invention, Whlle (b) shows that of a measurement device in the background art.

[fig.13]Fig. 13 shows measurement result by the color measuring device for scattered
light of gemstones of the present invention, where (a) shows a scattering distribution of
the entire light; (b) shows a scattering distribution of red light (R) thereof only; (c)
shows a scattering distribution of green light (G) thereof only; and (d) shows a
scattering distribution of blue light (B) thereof only; and
[fig.14]Fig. 14 is a perspective view of the appearance of the device for measuring
brightness of gemstones in the background art.
[fig.15]Fig. 15 is a table of replacement of several special letters and symbols, found in
the original specification.
Reference Signs List
[0030] 1 mirror body

la slit

2 light source (LF, generator)

3 arc-shaped rail

4 specimen platform

5 support body

6A and 6B plane mirror

7 CCD camera

8 framework body

20 device for measuring brightness of gemstones

30 device for measuring luminescence distribution

40 device for measuring properties of scatterers

50 color measuring device for scattered light of gemstones

D illuminant

LL red laser light

O focal point

P through P6 light spots on a paraboloidal surface

Q through Q6 light spots on a hypothetical spherical surface

y central axis

PM paraboloidal mirror (screen)

SV light area on a paraboloidal surface (= dOmega)

dS light area on a hypothetical spherical surface

r distance from a central axis

theta solid angle of a direction of illumination (scatterers or reflection wave)



r distance froma central axis theta sqid angle of a direction of
illumnation (scatterers or reflection wave) 9 WD

2011/ 1485y0Ram/13827011/ 002513 Descri pti on of Enmbodi ment s PLOOBANTHESH esent
invention will be explained nore in detail below with respect to em

bodi nents with reference to draw ngs. <Enbodinment 1 of the present

i nvention> [ §%a&zkhh@oR GPDEmbdliasss@pt ual configurati on di agram of a device
for neasurlng bri ght ness of genstones of the present invention; (b) is a
conceptlt&}!] dr aliergesent igsentigniwil begEpiaited imasn %@%mbb@lm@ﬁﬂaremh@op@r dal
surface and w@@{éﬁe&twmfefégﬁ@rtb@@dwﬁggface used in the device. Using these
figures, a conﬁ%gbcg%rg colng uratl on of .a device for neasuring brightness of
genst ones wil I< B dIHRIESR! 1689 As shown in Fig. 1(a), with a

devi ce [0@32] meddgn (ands beangbptndsenfifuigessdiagam & dfvidelfor peaseng briphtaedsi on,
smal | parall Laht . r di-at. er . LF
Tnto a gemst oheBonsoTls meyet AnEhiaRe i chialh ba3a iERbn g iy
from mul ti pl élonsiup betmeenlr peebolonk] sufach andhhgpaghatigalgehendal sufecaasasain the

situation of gugige Qfisit e LEAREANG C()h& Wl &hil guﬂﬁ'ﬁ)n'& a'd@%bgﬁﬂtméagﬂﬁﬂgal |

directions) is simulated so as to di |taI|z and quantify "how the

i |1um nant glbrigh@esofjggmesioaeswillibg deseibfidhednv- -of use. [0034]"How t he

i I'1um news3]D gAd dhoisn Fi%an(é;ewamard%m&ﬁd I@ﬁbs§bﬂ§tﬁn@<ﬁl¢s@0%ﬁﬂle
(solid angle) SV a

t t t
b upon bel ng PIEPAAMEnath AL R EF BBl it daRE helF okt "
proj ected ontd iatohygmstate 1o ahot splfidwnipascesuillfimceny$s gaciwl ysieoomp firons  pl aced

in the center, ﬁ%ol% 'ﬂ?m&e%'f'ﬁfréc:fﬁ:i%hs Syl ﬁﬁ?ﬁnadtg@gl%ﬁt A haah sﬁh&tﬂ?ﬁtdf%e BF idse of

the illum nant scat N response I nci dent
light from algemgionegnivdneh ltlgmasf mcxdn@t fgcp@@llﬁerﬁctwnﬁ}alwrr@@éﬁﬂ S@réamlglrﬁfélzeevu ce

20, on the Otaﬁ@ﬁui}ﬁl'ﬁyi "hd%ﬁ}% 1Hﬁkhﬂ1aﬁﬂ§1tteﬁ‘s@'1ﬂﬁfétacltdagmnc§tﬂﬁf s&sbF for the

digital i on, ntj chan rientation on

spher i éé@‘@ ur f éﬁw s i@lrﬁn@nt Lxste%@njﬁew@ csspandiag an &g ¥yl aé?aaﬁaohénd
beta are c halaggld) S raif g 15cha Reyis I8Q) whieh tafeedmitted g’ﬁtn tha ¢1ﬂtdﬁ1ﬂ@1ﬁ 1) tlp(m Bdihg ir-

di rection” c Sit an rod S en,
shown in Fi g C?%qu ltﬂ%e aariallgeqﬁngg{(;lrfﬁ*}:dﬁel{l%l are ar ft el %sau1£‘ gleel 1|ca£l used
in order to pplmmg]eduyfan\e&@uﬂe spedighn iy plaeed)in d@mg@r oﬁthbhphdmpbiumbm)chi

spheri cal Sur% lvéuatl&]ﬁ(gﬁlsek)bﬁlemlﬁﬁmanggt s%at?e@ﬁ‘h%ﬁﬁg eﬁ’iﬂ%e‘a 1% H?sferth from

t he speci nen | um nant are converted Iinto
hypot het i cal thgiReidrridighsipmadldispstionssigwartkibe spesimemhdihe pgftsa@tl rg%qsgramg

di stributi ondedicéRgtdn ebinePhald, hfee oﬁl’}i' (Sﬁeriﬁéldéit ZighodoutdRa_H foglte didrega
enmitted fromthe.illu 0036] <Rel at.i onshi p. bet ween
ot o TR T HERRET b SRl b
Fig. 1(a) where polar coordinate angles alpha and beta are changed during scanning) so
that "light incidence from all direction” in an actual situation of use can be reproduced.
[0035]  Then, as shown in Fig 1(b), a concave mirror PM with a paraboloidal surface is used
in order to precisely measure "light (area) dOmega on the hypothetical spherical
surface VS." Here, the bright dots S emitted onto the mirror from the specimen
(illuminant D) are converted into "size dOmega (area) on the hypothetical spherical
surface VS," so that from their statistical distribution, a distribution of the original size
of the light dOmega emitted from the illuminant D is analyzed.
[0036]  <Relationship between solid angle showing the light direction from the illuminant
and the distance of the reflected light from the central axis>
As shown in Fig. 1(b), light rays reflected off the paraboloidal concave mirror PM in
response to the light SB emitted from the illuminant D (The illuminant is arranged on
the focal point of the paraboloidal mirror PM) are all parallel to the central axis

(y-axis) of the paraboloidal mirror. There exists a certain relationship between the



and the distance of the reflected lightyfromthe central axis> As shown
in Fig. 1(b), light rays reflected off the parabol oi dal concave m nor PMin
response wo 20hie148B37ght SB emitted fromthe illum nant D @ThEPrdil/aePsSIBant i s
arranged on the focal point of the parabol oidal mnor PM are all parallel
to the central axis (y-axis) of the paraboloidal mnor. There exists a
certain rel atadinsdikfandetrWaem théeentdrb\ 20411 1dk8md 2RGT IR (sblidQagie ] thetaadi us

angl o) ¢ het a M A RECRABM S5 Fleghtioas Cleg™e Brilee Br FRL AR Br{ERbS e e
used for expllaionsing, whieh mell &t eopisined withiveferenae kd thb éorenupdechicherd wi t h
ref er e'ﬁ@@ﬁ{] ﬁatfh% fBHéM%%‘?scP?sﬁcﬁWs bh3,0la Tﬁ‘r@mﬁs@'ﬂk&?%ﬁ& isd ﬁggh‘ §§1 19? ALté dpased on

a prenise Xiting 1nto t . phi)
as a t hr ee- didieef&ingdthefso phip a%@aéhreﬁ ﬁmeémop@ir@laré@()ltdﬁwe ﬁblrfaras %opaiaﬁzfpe

enpl oys the %alBatE'OARFIBYs &S shidk b&ﬁt‘éﬁt ANekituensid M@lgmﬂi& dnhfe gioqa@@r &lestial
cel estial sphere surfac oI e is aet to @et a= d@gre Then,

the "south pSPigre F‘é‘fa&Sn‘gF aelﬁh%ao & *f‘?é\fbbet thetezl degse-
(radi an), whicbssiddred toe}(wat}mta_IISQ degms (dhgmd_po(rmg Whﬁé megeqtdﬁgf‘ ée

(degree) =pil2 0 ) r G er. ta, cover
Gt Cequat or BEAR BHave BRSmoDYehe NI REREUE (i) M5 ROT AT RPLE

speci men (il Icemb@a@nmdeyed te comré]EdéMm olegsethann) thekd Léeswakbor losfs thirepig? obe.
[0038] Si nce ‘(ﬂ@mﬁ)’sﬁh%@]s d‘&leh'@!lﬂﬂm{a‘ﬁ?bg ?s%nﬁﬁ&%& hebd &ahe E’érf?érgﬁttﬁé‘go@é‘d

reflectin p anes’ is "axis tric systemis not su

coor di h8931 comirsedhe pystem tr}@&ldm& sak 4néd%f>thsmal PEURGIBE BB md?@tmg)phaa%gﬁt ude
in the gl obe "gaoyinB@ice)the Jﬁ&rnefsqfoe sutgédt Yo ERdiaOR\Bh&ireon W the die&RAC t 0

theta is consdred bel, ow. pxis is S asas try axi s, and
ry a1 5 o@b! GPIEIBTEBAJR oS e 1ihs HePpLroBES TR a0 | he
par abol a wherenversgof wuxhlres}pectnb theod Beobdaderad bélotvhe ori gin 0 i .e., the

spher i %6639@”“ e&@’&x Ts St B8 §l fiy a8is %d[f&:élscls Sl eacoﬂ&éxéng bt t%RIO

[0040] | nera ain ive n
light proj ecﬂoé@balndarswﬂ@m eldthe p@lﬁbolﬁevlyméfr focall poaletrwemdes With tb‘éom@leé? ved

at a " hypot heti %lspﬁﬁlfteﬂbé}ﬁércﬁH'bE%Qﬁress\éﬁra@aauicﬁ%d%rmﬁla(1 BPQ%@" that the
"hypot het | cal spherical surface" coi nci des W t Eara ologid at, a

posi ti éﬁ Bh t HB SRRz sFitGUAPAD hereimay be %EIY:B‘()?@% F““iﬂ et doyp lighigreisctsd Fig
1(b), "A" shaull ccdercdates t}ecbph@ndaecel{t&as td e 1etdiedd mr"dg;potﬁafcquépaeﬁé’a)l in
Fig. 2 can be _called.to an..
cover  ng 1 he s §ealedrar & R T e S
havi ng t he omiig the asrab@eldfawanlosmon ntl the(hqnzelrb@phlamm 6., arammmi)eta%%)ou] Li ght
rays em tted qtpQofp ), IR G BE s AXRE So% /28 11§ Oy fi1afth Pin
which is a li n%ar eq%alglﬁon St r acl1 gﬁ% %ﬂ? gihe ar a%| en ({S% rﬂerag %as a
rel ati onshi p - t2raamgicalledetbs angapation 950ré Baraholeb@ﬁlr%lgfs&é@cwrmé thegnairg 4) of
Fig 2. If a %@Eﬁtﬂﬂ Qlfsiﬁe@e ﬁ)z]fvu@ghﬂ élﬁﬁfo?ﬁﬁa'dﬁﬂ "B &d RRidptha ofigh Ak foesmul a (3)
is set as (p, r;r;g Lﬂ% %ya) g(if) Fig. 2 and forrrul a (6) of Fig. 2 can be
obt ai ned fr oRPFor PR ¢ =d9V Mg t hese equations, formula (7) of Fig.
2 can heodsipt aﬂngld raﬁmmitthaflbéh) the angtme:aa Ibs @xpré¢ped as Etdnﬁlisa Boofriiga2 (which of
Fig. 2, so that nb. «qbt aj ned u not
visible in t heehngar %n‘gtl(% (gsgzu Ritlhne) gl’hee%rgc% t %1 4 % hd) rcla 81941)(;1 }Vgssaggle

theta against y-axis as expressed in formula (4) of Fig 2 If a coordmate of an in-

tersection P of formula (2) and formula (3) is set as (p, mp), formula (5) of Fig. 2 and

formula (6) of Fig. 2 can be obtained from formula (2). By solving these equations,

formula (7) of Fig. 2 can be obtained. Formula (4) can be also expressed as formula

(4)' of Fig. 2, so that formula (8) of Fig. 2 can be obtained.

[0042]  Though not visible in the drawing, from the aspect of a mathematical expression, a

linear equation (formula (3)) as straight line connecting O and P expressing the light

ray emitted from the origin intersects at two points with a quadratic curve (parabola).

Only a value with positive sign (+), however, should be considered as a solution for

formula (8), considering the fact that the x coordinate of the intersection P is O<p<a in



| i near equation (fornula (3)) as straight |Iine connecting O and P
expressing the light ray emtted fromthe origin intersects at two points
wi th a qusioratiaszarve (parabola). Only a value with po®CTIP1sDE@ALIY +),
however, should be considered as a solution for fornmula (8), considering
the fact that the x coordinate of the intersection Pis O<p<a in 11 W
2011/ 148572P%@H§@dﬂ0<€i&25&@/21 he range of O<theta<pi/ 2. [0043] In fact, if a
val ue nega i, N rab urface
coul'd COUE"EHR Tha(Er P e it B Gl RES S BB SRR B  nr
(except for tCheldscomrhh@cnt@ sk inchidingrthe edysh berofsphdre (Hafmlmna@m)e(chwpt gm This
woul d be a gg . i a
condition that uﬂﬂ&ﬂ@ @&ﬁ? Bhgapgg)lgrﬂi aﬂ}gééglgnﬁ@%a% %M b éat ep, "

whi ch is not afeatagst ih@uglhltw@w ¥ anphied eskyfunges %@Q@ﬁlwth%th@mm léafh

Real i sticall Xurfadé c\bhm&hadehﬁﬁﬁ%l aéew%ﬁiéhmtredlisud: ﬁqﬂ@xﬁz%f &fef @@ﬁl ve to
provi de anot 'par q]lm ,][{ ce for.the }?% sphere.' \M[0044]Wth
t he above-ne ]tgPBWQH Og Hieres F‘élsm" Faah“‘flcaé P {1 HEW et iepgnt

respect to tlmﬁ)raefféchwp% proaadesanbﬂlet @abﬂ)omldmeutfa@k fontha sbind haaﬁseplhe]}eol dal

surf aC Etthe abtobfe )r(ne%98ne (:1ple, ﬁ ht e‘?&L afLL lmthe% \%uh res eétrt](():"
parabo 0|d SUT'Tate Wer e a iicrly i rom e speci ne
refl ected, s@het rath poil¢ axis gHo be @y(secw:d pnte iy lmalwﬂmdd stirfaseedt almntt rwathdx cect i on

of &#8211;y drdiRat ahd(?'eoéth&@)t/mﬁtﬁ&% "VPY Hﬁ ﬂaﬁa%@ﬁﬁ&al Eﬁl‘fé’ce%r@a mirror," the light
[ 0045] Alternatively, arabol ol d surface Is te screen, © 1ight

rays emttedf mnbmetsa%:l@élmwﬁﬁéﬂatso élt%gﬂ {igktrays yith 9&@@@115%{8@6%1@(1 ¢ mages

?L et oblser ved diré@cmn&)fsﬂelﬁgﬂlﬂily%tﬂabhﬂdl ﬁgmmysmai fekguat {d y gxis. T om a position
at a ges.comn Vi ew.can o]

appr ox Ny Asrive 11 iy srder FnvEdnogen SR P whied e

position as tt}tumtembbmlt pof thdne. dfitlesd prejecetllimagdsaimne bysetved flom b safficiently

[ 0046] Thi s ”%?s'?aﬁhgl?&ﬁ%r;( g% 'ﬁ%%%%&@ﬂ?th&%lﬁﬁﬂ%%&é ?@-&.@‘iﬁ%%@ﬁélﬁ OW%J %a)ﬁ made

by realizing a rés qt@
observed by s |0hg:ré¢dt %@tppmxen@iﬁlytmaalkbhg WiYsg thptiglatadan by§¢e@rﬁé tl(ecﬂa@ev\m ch

wi |1 be descrihadh ﬁQ@a’oEk J)b'%&lﬁéd mréﬁghrtﬁé RITRBES ByPthE! hirr&k.) - (1) an optical
system for observi ng infinit % (at  a position suffici ently dj.stant),
Iight M894%ct %11%)@?%? ﬂPﬁtr FIPNEHAY ﬁ@arabglﬁadaé%f%sa%léﬁ%lweréq bysigakizpg 2 (2)

aR opt i ?al Sygi@mxgtk@seﬂr@]tﬁé?édlu‘agoh I(Dhtheﬁﬁﬁg@@aﬁ@e@Bier@eﬁrﬂ}fﬁsﬁl’fg diehel ok &
snape o0 ar (0) | da Surr.ace on SGree rt ho na axl s,
P opt e teDob e S SeR0 s WRER WA bRt TP gl Btk RefefE >

| i ght proj ecteligofdo a screen having a shape of a parabol oi dal surface; and

(4) an optical 1?&?%53 steRPRE LY %,iaigﬂ{ﬁﬁ;y%tef cfsﬂldﬁ%‘f’ﬁ%? 1st£ﬂt§‘?%ﬂf” ent

screen having a a par abo ace, from +y ction (from
the back). [dbts Q&fbmlfa?f@dm%P%Oﬁpafa%ﬁ)lﬂaldﬁffacepl ane here can be

uni quel 'y der i vegaf st §8teR fodbRaéctpgRht €POEEH Bﬁtaqni(nto? ah@ng @@hazpeczﬂ ]g he |
or or nul a

?g)he(r):c CE: gS ur?];raﬁﬁlﬁ?‘m/%u%g%lg{%} égg&gé}e!@g ]fé‘ggg)in 0)y T 43{ Elcgnver si on of
Area of Light (Rayh §Bieal system for observing, at infinity in &#8211;y direction, light projected
onto a screen having a shape of a paraboloidal surface; and
(4) an optical system for observing light projected onto a semi-transparent screen
having a shape of a paraboloidal surface, from +y direction (from the back).
[0047] A polar coordinate (r, phi) on a plane here can be uniquely derived from the original
polar coordinate (theta, phi) on the spherical surface, by mutually converting formula
(8)' of Fig. 2 or formula (9) of Fig. 2. (phi is not subject to conversion.)
[0048]  <Conversion of Area of Light Ray SB>
Hereinafter, the conversion of the area of light SB will be described with reference to
formula (10) through formula (20) of Fig. 3.
[0049]  Provided that light scattered, reflected or emitted from a specimen (which is arranged

at the center of the globe coinciding with the focal point of the paraboloidal surface)



Herei nafter, the conversion of the aregy,of light SB will be described with
reference to formula (10) through forrmula (20) of Fig. 3. [0049] Provided
that |ighwosentt4ss7ed, reflected or emtted froma speci REMJIPWNL/O02513
arranged at the center of the globe coinciding with the focal point of the
par abol oi dal surface) 12 WD 2011/148572PCT/ JP2011/ 002513 has a solid angle
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dphi for phidCEa@hlbah@thgdm“a&meﬂﬂmﬂkMgﬁMEhMaﬁnnmnaamtewmnhﬁpbebrph1
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gl obe surfac re sur ace
appr oxi mat i onmgEHe’ baée%@lrfh? é@ﬁ@@f thF@ntlteréolmﬁ%f@%%tﬁle hﬁ@@ﬁb%"ﬁéﬁffa% si tuation
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are then pr off SUPHIPIOHEHE 4 PNCAYEMIEEF Efgt %’8}(’?‘2@& puRRen &W%@%@fﬂé%r

pl ane" i s enppleriedl debee 1d-_tlogveﬁ£(d31)1to lirgehit mys@afaﬂiebtblt@é‘lixmioﬁhlclaﬁrebﬁncOnsI der ed
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[ 0051] Then, &an*“area eacn rec angu ar shape o Sher 7 Cal” sur f ace
at the refl e¢bedigr1(pr. djeecteach pagitdporan(tie. OQHSId@wda) wﬁfaere@ammamh@m nor nmal

Line is di r eqfadhaaliit) GRHbALIARLApniRt 3 Surface receiving the Iight

fromthe center nor he surface) is expressed as shown in formula
(11) ofl0®lg.  Jrhepsanmarpa %Oﬁ?%hé%@gﬁ&f Ocnhtbe spisErd cartaceet tha repded e
par abol oi dal deéc'fté’dl s(itm QE., @f a SiEfaeen) Wﬁﬁ:h%bﬁﬂm linR iFilgectdd tB)the Edntdt@oir®S i N
t he range of g C%% ual . or é%ha REL uaI1 r. less % %a dependi ng
on t het a( CELLeguat™" eF ézg’éutghtﬁﬁﬁtgﬁt %Fﬁn% e‘Eﬁ’B 81Emar 8%%%‘6%? /" ?’f%spj’?
[0052] Pr ovi deslshdvat intfhengla Z £l )off FeadhAbR @htdlﬂmCelbst\meﬁftha:qphamday caral dnd
"each of the t he
1?@29 01&1851%1111}@&@ rr%r 6@&}&9?&& wh V\E%?ng %g\g RQ? 1?eolfah &n

spherical cen as agaln a ctan pl anar

screen as pI@ﬁéﬂ2ﬁﬂgﬁﬂmh®ﬂ9%thﬁéRE aheﬂe@dh%ﬂa@gwnﬁ@gpaﬁhﬁdDELﬁmmd

mrror." It %9kmp§mhﬁﬁgdgg@@hg%;ﬁgsgﬁﬁbﬂgﬁbg@t dots projected onto a planar
C|rcular screen " to conversion in the radius direction

di r ect il8%3ln rPr@VldeH ﬁl)as e \ﬁHF peegan frighpdet i ifigieptly gmelbngashgfdhe rght Héts

ang]thI ar ). dir Fg%m@g a(re@ang@mﬂlsnzg)evunaﬁbrcg@dtad frsmqhasp}@lheall@hnteoﬁastdgam&pher| cal
surface)."” origi na cat oes not
vl o) oot atUTENE RDE WHeR pr UL blvora S Rl bR SR G €ty ¥ g 7
subject to cmﬂkw&@ﬂnﬂhepmah@OKBhguhnﬂHemay@bﬂ&mumoﬁd@udﬂnmbngmkaE Iength
phi directi Oy Je&g@?ﬁéqgﬂ%{a%lw;g sER8n bﬁe%‘ﬁ’tﬁleéﬁan ee?su?n‘aﬁll{hé ralfidsPiide

to both "the'size o as a so origi na ght

proj ected frém ldﬁéc%)ﬁé@ﬁ&d(b éﬁ’dlﬂetlh]é not subjest tq ‘F%IVBI?SIOQHP ﬂtfo%ngid@f Hieqtion from
t he parabol oii@ahci@ing Wt il RORIIBES FIEt AShesphafidd k@fade).ght .

[0053]  Furthermore, even if the original scattered light does not have a rectangular shape,
since the situation is the same, i.e., "it is subject to conversion in the length theta
direction but not in the length phi direction," the same argument can be applied as a
result with respect to both "the size of the bright dot as a solid angle of the original
light projected from the specimen" and "the size of the bright dot reflected from the
paraboloidal mirror and projected as a parallel light."

[0054]  As there is a relationship as shown in formula (8)' and formula (9) of Fig. 2 between
the radius position "r" on the planar screen and the angle theta of the original light SB,
formula (12) and formula (13) (because of formula (8)') of Fig. 3 can be derived.

[0055]  Provided that an area of a bright dot after being projected (a fan-shape bright dot
projected onto the planar screen after light having been converted into parallel light by
a concave-mirror reflection) is dS', formula (14) and formula (15) of Fig. 3 can be

obtained.



[0054] As there is a relationship as sheywn in formula (8)' and fornmula (9)
of Fig. 2 between the radius position "r" on the planar screen and the
angl e t heva0ft/mie2origi nal light SB, fornmula (12) and fPomapReE1/(@3)3
(because of formula (8)') of Fig. 3 can be derived. [0055] Provided that an
area of a bright dot after being projected (a fan-shape bright dot
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reflection and r%?%}:)%&llgar%gglg%cgﬁga%%%%%?g%wwgad fh tal négg %%{ere (p,
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surf ?C eTﬁnd @%iéeh?ér @hhel @@%@@thtfg d?% 6 @glaﬁ&t scrd¥h oﬁﬂ%lé}@t?ﬁ%lb?@hﬁ s 1§§nt ter
poi n en e X, coordinate e intersection P represents a, di stance
fromthe cenP&yeqies feﬂﬁalbf%fagﬁltgeﬂ leie&PfPredﬁﬁI }%Q%‘P%Pfgrf gad’r]%eeqq’ Yhedni ch the
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an area of Ii B a‘51ed on.the h){lgot heti cal spherical surface is neant
here.)" [005 Sé? RUTACE ISMEUH DFiEHges before and after projection),
solid &aoQi&ds di’amkgatlmfaréxm(ghma(ges efai@ranb eftdi mojested, soid anghep dOadkgh of

eval uating a,SoecidiPl Belahie ggg PRA PSRN P hEE HBlons(ipe) and

(20) of Fig r|ve ( areas o ect ed
i mages dS an@xpighsed llaﬁmne@ed@’be )@n @Q)Qﬁflgdétcénbbﬂmwéd froma concave

m nor hayigg anRAkARBHRIAR ardl bf AGR M iRages'BUMIoRT AAAATAOGEE LoEolRdi US of
a pl ane orthogonal to the axis and passing the focal point)_ are_cormnpared

and eval uat edOtS[DEBE @na@gwﬁsmgoawﬂ%a perbelgidalitige MithgHedEss of
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[
above; |§re anr‘pgﬁ?d %e%a%f"{efihe entire device; (b) is a side view
t her eof[OOf((li) ilSg.at thows videwvict hermeedspriggnbrigdhess of gerpsolsqzse’dtii:h/mevduew of its

appear ance SHANL{G.,RLIARAL LRI AL p@%ﬁl@g?&%ﬁl%ﬂﬁo | TRERILIAGERS O,

cal cul ation control evi ce. IS a ront view o
mrror body StitvisfarencritgFigs, 1 tenght?) aboye; ab@tatfﬁ?ﬁt\}’le@(/\f)fithéﬁ@@? dewa%t(b) wm ch

have been al %%%Wléiﬁﬂ{é&éd?e?) ﬁfa@toglvi/&\ﬂth\é&ebh dnBed S AR efsBERIVE NGy Bﬂﬁfsb@ s and
are not expl ai ned agai n bel ow. g 061] The .devi ce far neasuring bri ness of

genst ones 20 PEHENGFFROWHIE 4 RAHINALC erqwhic per orms 1mage processing, calc at1
and control of the device. Fig. 5(a) is a front view of the mirror body shown in Fig. 4,

and (b) is a bottom view thereof. Parts which have been already described are given
with the same reference numbers and are not explained again below.

[0061]  The device for measuring brightness of gemstones 20 includes an imaging body 1
which includes in its interior a white-coated paraboloidal screen PM on a paraboloidal
surface. The paraboloidal surface has a shape generated by rotating parabola having a
given formula around its central axis including its focal point. The device is also
provided with a light source 2 (LF) emitting red laser light LL, an arc-shape rail 3 on
which the light source is moved following an arc-shape orbit, a transparent specimen
platform 4 for carrying an illuminant D, and a support body 5 for integrally supporting
the imaging body 1, light source 2 and the arc-shaped rail 3, and for rotating them with

respect to the specimen platform 4.



which includes in its interior a whiteygoated parabol oi dal screen PMon a
par abol oi dal surface. The parabol oi dal surface has a shape generated by

rot ati ng warahol4ss7davi ng a gi ven forrmula around its cenPCalyPami/go2stcl udi ng
its focal point. The device is also provided with a |light source 2 (LF)
emtting red |aser light LL, an arc-shape rail 3 on which the |ight source
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any angl e po%a&k&?}, This arc- shaped rail 3 is fixed outside the inmaging

body 1 bé/ﬁ means of” a support bodi/) 0067] This type of the device 20
al | ows [0@66dr r alhgdighheoured Luidiar bpan elegticohivingmesdiawan adiigh equiollability

nove and StOl@uéHmddeG\*Hm&&LHd@ tgnﬁﬂe‘it@%@ﬂﬁ SharegdckRdped 3aib 9 aAS kép leshange
t he gradient of th degree to. 90 degrees.

| | el t LL fro
al so possi bl angly gngCtSH‘ 3F¢ssB ra‘?)l%]é x5 gpigide,the | argé%gpté‘@ty]to t he
fixed illum pamicabs olenalplpbgh;bdﬁéurce 2 on a plane havi ng the central line
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[ 0068] I ran rce em
paral | el |i ghrlatiom 4rrm/mnge anl sop alﬁdlsgbhmye@ 2)<plbthte anmylabed prloysaddesdoichsigde t he

par abol oi dal tl?&tﬁlﬁ@l@ntp MNRE parallel light LL from O degree to 90 degrees. It is also possible by

means of the support body 5 to rotate, with respect to the fixed illuminant D, the light
source 2 on a plane having the central line including the focal point of the parabola as a
normal line to the plane.

[0068]  Instead of arranging the slit, a compact light source emitting parallel light and
moving on an arc-shaped orbit may be provided inside the paraboloidal screen PM or
the paraboloidal mirror in order to irradiate parallel light onto the illuminant D.

[0069]  Fig 6(a) shows bright dots (light) SB generated such that, using the above-mentioned

device, red parallel laser light LL is incident onto the illuminant D (diamond)at a



the paraboloidal mnor in order to irragiate parallel light onto the
illumnant D. [0069]Fig 6(a) shows bright dots (light) SB generated such

t hat, usiwg@ 20te148850ve- menti oned device, red parallel | a®erIPRgD02K13 i s
incident onto the illumnant D (dianmond)at a 15 WO

2011/ 148572PCT/ JP2011/ 002513 specific angle, the light (scattered red
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Fig. 7 showsame@ fohahedidlIRANRRY ofkSid LM §0NsBfaaPnRea.af ter conversion
W th res(gect to all dots observed he pol ar coordi nate (theta,

bri ght S when t .
phi) pdd9talon ¥ 2 tepwlt theymimbes dy elebight dets oo e sefid pagle dQmaes (Stradg is (o
deg., O deg. profodbrde® an dpdehtihl fud@orl @gothePRofiROthy fol(nge@pirical @&g. ) ,
(60 deg., 45 deg.é 3%16% deg., 90 deqg.), (90 deg., O deg.), (90 deg., 30
deg.), (90 déél.l,e Bt 8‘.) and (90 deg., 90 deg.) [0074] In this histogram
hori zont al axiN(dOamgesehts {skinbdaddgk e jd@regdambda>l0candls, serdeiteml axis is
t he nunber Ngf%%ﬁ@l ?f bright dots SB having solid angl es dOrega
corresponding to a range of each interval. [0075] The ten points can be

consi déP&Plt o T hiviegra@mhown ghEigdi/ shevs »adcwaled fteguensy sistiugionypf dOmega

after conversion with respect to all bright dots observed when the polar coordinate
(theta, phi) position of the light source LF is changed at ten points, i.e., (0 deg., 0 deg.),
(30 deg., 0 deg.), (30 deg., 90 deg.), (60 deg., 0 deg.), (60 deg., 45 deg.), (60 deg., 90
deg.), (90 deg., 0 deg.), (90 deg., 30 deg.), (90 deg., 60 deg.) and (90 deg., 90 deg.)

[0074]  In this histogram, horizontal axis represents solid angle dOmega, while the vertical
axis is the number N(dOmega) of bright dots SB having solid angles dOmega corre-
sponding to a range of each interval.

[0075]  The ten points can be considered to be incident light directions selected essentially
averagely from one-eighth of the entire globe surface. The greater number of selected
points as an incident direction and more dense scanning steps can lead to higher mea-
surement accuracy and at the same time to more measurement counts. Irradiation by
moving the light source LF in a wider angle range is possible, too.

[0076]  Numerical values obtained from this frequency distribution data which can be an

index for determining "how a scatterer glitters" are considered to be as follows:
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[ 0078] <Exponerm)ivaette ietsh@imeh sEt@SBUBNGYbrixS Hbis DUtingA of it SbRUI@NAIObS Si zes>
Anong these i a criterion for judging "whether a specinmen in

Epexes
guestion is g dped ﬂén havi ng many bright dots with a | arge dOrega or those
wth a smal |l dDvagthel thatspedimes hianreatdriedblatconmmastfiabtight dasrbda of the

f requeng %78@' Stéﬂy@%én‘?ﬁ" E&M@h P el {1?.{96/ gtnbﬁﬂof@‘?s%'g‘rﬁ%%% 9‘ on," wll be

dISCUS sSin exa OV|ded t hat

nunber N ( dme‘igtapn@ﬁlemmgwesmrgersm prglgang 'bmeﬂwr aﬁm@nmsmm a
specimen having many bright dots with a large dOmega or those with a small
dOmega," which is "an attenuation factor lambda of the frequency distribution”
obtained from the "an exponential region," will be discussed below using the above-
mentioned example. .

[0079]  Provided that number N (dOmega) of bright dots showing an solid angle dOmega has
a distribution N(dOmega)=Noexp{-lambdadOmega}, logarithms In{N(dOmega)} of
N(dOmega) is taken. When it is plotted with respect to dOmega, a nearly linear rela-
tionship as shown in Fig. 8 can be obtained.

[0080]  Because a gradient value of the straight line corresponds to an attenuation factor with
a reversed sign (-lambda), the index means as follows:

- A specimen with a large lambda = Number N(dOmega) of bright dots with solid
angle dOmega is attenuated fast = A specimen with relatively small number of bright
dots having a large solid angle dOmega, and

- A specimen with a small lambda = Number N(dOmega) of bright dots with solid
angle dOmega is attenuated slowly = A specimen with relatively large number of
bright dots having a small solid angle dOmega.

[0081]  As aresult, with a device for measuring brightness of gemstones 20 of the present
invention, a paraboloidal screen PM is used, a gemstone D to be measured is placed on
its focal point. Through a slit 1a provided on the paraboloidal mirror P, laser light LL
is irradiated onto the gemstone D at least from a direction between the direction normal

to a central axis y of the paraboloidal screen PM and the direction coinciding with the
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invention will be described.

[0085]  This device for measuring luminescence distribution 30 measures a stereoscopic lu-
minescence distribution of a self-luminescent illuminant D, and has the following
features: a paraboloidal mirror PM1 or a paraboloidal screen PM1 is used; in the case
of using the paraboloidal mirror PM1, an illuminant D is placed on the focal point O of
the paraboloidal mirror; light emitted from the illuminant D on the central axis y of the
paraboloidal mirror PM1 is reflected by the paraboloidal mirror PM1, and is then
imaged by a CCD camera CA; alternatively, in the case of using the paraboloidal
screen PM1, an illuminant D is placed on the focal point O of the paraboloidal screen;

light emitted from the illuminant D on the central axis y of the paraboloidal screen
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Fig. 2. [0089] i : n SCL may
or nmay not bgt %&%@%85@?%)8%%&&9 aﬁ% caarrg?llgﬁé%\ﬁ F%B%I?(;er?{ef:g e‘lﬁﬁ{(/)ﬁlgocat ed at

infinity as &HF@éal position, but it may be |ocated closer because angul ar
conver §0@v] camn big: Qe boasmehviphRedloidhl §drédl bh Yhe other hand, the CCD camera CA

may be placed either on the convex side or concave side of the paraboloidal screen.
This increases degree of freedom in design of the device, and allows the device to be
more compact. In addition, the paraboloidal screen may be made of a permeable
material such as a synthetic resin, which can reduce a production cost. A camera CA is
not limited to a CCD camera, but any imaging means corresponding to an electro-

magnetic wave in use may be employed.



[0090] I n the case of using the parabol gjdal screen, on the other hand, the
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be stereoscop £glahyt IgpasdeeRthg 1B0AShtFigribdionS@ned BofnytRisGBhmiidht @h Ha
di anond. Wth reference to this figure, an overview on a dianond, the

current stat d§TEPRLIYNGRYEdss neasuring, and circumstances how we
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color, (3) cut If? ortlon pol i sh cl arlté9 quality

and quant ity ibf 5 e?ﬁbélfged['fl)b@%‘}lﬂ%ﬁ@l Iﬂlﬁté%‘é qfa%‘”fl‘?}i“? (Celp ) P S arity
are reljaded tQ glanichefis &falddiel i n@imidd 4Cl ad édayudti®n @riteria of its value. They

include (1) carat (weight), (2) color, (3) cut (proportion, symmetry and polish), and (4)
clarity (quality and quantity of the contents).

[0096]  Among these factors, cut and clarity are related to glitter of the diamond. Clarity is a
factor given by nature with which a human-being cannot be involved, while regarding
cut, the glitter can be increased or decreased by grinding a surface of the diamond by
means of a grinding stone using diamond particles.

[0097] At present, as the most typical cut of a diamond, 58-facet cut (including a culet) or
57-facet cut (excluding the culet) is employed, which the applicant of the present ap-
plication follows, too. Fig. 11 shows a shape and a name of each part of the 58-facet
cut.

[0098]  The shape of the diamond with 58-facet cut roughly consists of a crown which a
human-being sees, a pavilion on the opposite side, and a girdle therebetween which is
an outer edge portion. The notation "(enlarged)" added to the girdle and the culet
portions in the drawing means that these portions are illustrated with an enlarged size.

[0099]  The crown consists of an octahedron table on the top, eight triangle star facets
sloping down from each side of this table, eight nearly rhombic bezel facets sloping
down to the girdle and including neighboring sides of two neighboring star facets, re-

spectively, and sixteen upper-girdle facets connecting two bezel facets and a girdle
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gli tterl ng diamond. [0 ]The d| ahond, however hest hardness,

so that a gr |aﬁglpﬁbet§/p%rh@el fetsadil eﬁJét at two decimal places. Light 1n(:1dent into the
diamond having such an error does not generate ideal scattered light (the light is finally

emitted as a scattered light after being repeatedly reflected and refracted in a com-
plicated manner within the diamond) because of the above-mentioned error in the
angle.

[0105]  Under these circumstances, as a device for measuring the brightness of diamonds in
an objective manner, one example is disclosed in Patent Reference 1, which, however,
has the above-mentioned problems. Persons who have gained techniques and ex-
perience in the appraisal of gemstones in the Gemological Institute of America
currently appraise gemstones as a graduate gemologist. Appraisal by them cannot be
regarded as an objective one, because it is anyway an appraisal by human eyes.

[0106]  There is a proposal to increase the number of cut like 66 facets, 100 facets, 144
facets, 194 facets and 210 facets, for example, to increase the glitter of a diamond. This
indeed increases the number of minute glitter, but do not necessary lead to a high-
quality glitter as a diamond impressing an observer. Furthermore, the above-mentioned
problem of the cut precision may be increased with the increase of the number of
facets.

[0107]  According to a certain patent application, cutting is performed under a special
condition being set in the relationship between a facet and another in order to increase

glitter of the diamond, but an effect of increasing the glitter cannot be expected from
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tistically, so that grinding precision and flatness of facets of each specimen can be
evaluated;

(2) to measure the extent of position distribution of bright dots within a hypothetical
spherical surface (distribution in the orientation (theta, phi)) for the incident light from
the light source from a specific direction (orientation angle (alpha, beta)). For example,
"a specimen prone to emit bright dots in a concentrated manner in the vicinity of the
north pole" can be quantitatively distinguished from "a specimen emitting bright dots
almost evenly in the north hemisphere." This digitalization can lead to an index for
evaluating "a cut causing strong glitter in the direction of table side," for example, and

(3) to find in which angular range a specific bright dot can be seen when a light
source is dynamically moved. In other words, the movement of each moving bright dot
becomes traceable. This could be an evaluation index for accessory articles such as a
ring, an earring or a necklace which are often used under a dynamic condition.

[0112]  Though in the device of the present examples "a specimen is fixedly arranged while a
light source being moved in the orientation angle alpha and beta," a relative movement
method where "using a paraboloidal convex mirror or screen, a light source is fixed to

the north pole position, for example, and a specimen is pivoted in the orientation angle
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[0122]  Concrete configuration and its effect of the device for measuring properties of
scatterers 40 and the color measuring device for scattered light of gemstones 50 of the
present invention are as mentioned in the section of "Means for Solving Problem." The
device for measuring properties of scatterers is different from the device for measuring
brightness of gemstones shown in Fig. 4 only in that the light source is a generator 2 ir-
radiating not only parallel light, and that the rail 3 rotating the generator 2 up and down
is configured such that irradiation by the generator 2 is also possible from just below
the specimen platform 4. The color measuring device for scattered light of gemstones,
on the other hand, is only different in that the light source 2 irradiates white parallel
light.

Example 1

[0123]  Figs. 12(a) and (b) illustrate a difference in operation and effect of the device for
measuring properties of scatterers of the present invention being used for the x-ray
diffraction, and a general planar screen being used.

[0124]  In Fig. 12 LX stands for X ray, DR stands for a scatterer, DL stands for scattered
light (diffracted light), FM stands for a planar screen, and PM stands for a paraboloidal
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devi ce [ rrea%%@f%@ }Swtb?)éﬂlffé@f measlmgtpé@mesm sgaftererh ef dglpsseRedZur i ng

device for S%ﬁ&étﬁfneﬁ&gdﬂ @Eléwfﬁg SGRIFRIONSS De0rreh ﬂtléq@cﬂr[%ﬁnﬂhe Bx\éﬁalbid-&m are as
mentioned in'the ﬁgglon of "Mean for ol vi ng obIe 5 K]Qefor

measuri ng pr SPEFT FEkcagrecaly earepd light ip erré‘%fh? ‘?%m
measur i ng br idggtteaeasls abo sgatmécb]ﬁlgﬁ vathahetab90 &eggee, de Qﬂiay"beﬂbw ﬁa:thotnlzen I'i ght

sour Ce 9e0&! &119 ! t02th a%gr %eepl%l\}i] R lo‘}flep ﬁlan%l h% li M h(EI’VI eqﬁétat he
Jelin e AR glir'e Tt

rail 1 ng ener own ' 1s con SUC
irr ad| ati on hylimhed geloag at tlme szed?somhs de‘pgﬁsmd@flelté rsomha]t ssitetsd| lght tnhibe

speci men pl atvic‘?llilg & thér hﬁ)rﬁehofthéfg?s,sdfééqu f9? @) afn@l&hét%@?ﬁe%ﬁ% i gdih>af

genstones, on the other Is only di In that the Tight source 2
i rradiates V\A@Pgréeﬁ%néﬁbeeﬂet?‘it%t Exanpl e 1 [0123] Figs. 12(a) and (b)

i Il ustnai®|a ditolgk ﬁﬁ@pogsfbl@ﬂ@%hamrpﬁis@ﬂ@b Bfbk8den de ddieralend @e pfaabr m&url ng
properties ofF a}éﬂt rers of th resen |nve}']ﬁt|on bei ng used {1 t he x-

di ffraction, ﬁ@w BIRERSOBINE A SCeensane BRI gPedegn SP%fé‘ZL}“’F‘?F“ﬁ Brangs Of_x
stands for Xthesa}etedﬁlanahgladgeit@hffaeﬁ@ahtﬂmmectﬁh pstfamasicé Greassatih eieedngd ght
(diffracted Lj -M st f | _ d

bar abor of dal 4 s e Rt Ry Bl sy BORD) < EL R A RUREE R Rl Ehhe o
screen i s a mzepdtheglegiva R mdefigjtelplargend i s made of transparent acrylic and

i's coafgthgyn 'Assm&?dcﬁa@@h@é@aln BHEiRE tl’{& BrBseht Hl%ﬁﬁﬁleﬁﬁag’ifﬁ%ﬁf%'s@a{tte%d &ht
coating agent used f an imagi ng pla (rranu act ur ed Scan

Cor por at i on) In @e@&%%r%? glieﬁ@f Fhae éhle li!%liﬂﬁf e IStPﬁésﬂszfaélS&t giedameding ace.
[ 0125] Accor dicagaih @rdchisortig the eonfversicitas be iobghifddOer the esnwelsieC ifrin@renge of the

present ap- simple. All of these are effects of the present invention.

Example 2

[0129]  Using the device shown in Fig. 4, an experiment was conducted in a manner that
white parallel light was generated from the light source (generator) 2, and was ir-
radiated onto a diamond, i.e., a scatter, in a specific angular range. Fig. 13 shows the
result obtained from the experiment, which was a scattering distribution (luminance
distribution) of the light: (a) shows distribution of the entire light; (b) shows dis-
tribution of red light (R); (c) shows distribution of green light (G); and (d) shows the
distribution of blue light (B). This color measuring device for scattered light of
gemstones employs the same principle and configuration as the above-mentioned
device for measuring brightness of gemstones, and is different solely in that white
parallel light is irradiated, and that the measuring object is a color tone of the scattered
light of gemstones.

[0130]  From the result of the experiment, distribution of scattered light of the diamond,
when white parallel light being irradiated, can be obtained with respect to R, G and B,
respectively. By analyzing this distribution result, color tone of the scattered light of a

diamond, which is a gemstone, can be measured in an objective manner. Here, it can



plication, upon receiving scattered light DL fromthe focal point, the

par abol oi dal screen PM can receive scattered light in the range of theta =
0 degree Wbrzouglhsgm degr ee, and al so scattered |ight w PRTUREUH@B1Xeqr ee,
i.e., that "below the horizon." [0126] According to the planar screen FM on
the other hand, the light receiving range theta is limted as |Iong as the
size R of th%e@&%ﬁﬁﬂjhée@ﬁidth?bh§@o&ﬁ@km%ﬁ%%h@®ﬁﬂlFggmydbﬂ%hﬂﬁnawpln'ty
of the ' horli a» &H g e to 90 degree) and that in the range of

t het a>90 degrBEUSHHA AIH@I Yed [0127] Though it is possible to shorten

di st ange193) betmeiaviceeo&ﬁémnﬁngampm@s@f@aaéreﬁcm@@evﬁéﬂf&méamn ans novi ng
the screen close to the speci d%%so as to t he rag e of the detection
angl .| gr eat PHERPERGH TS e AT T O et il et B LE0CU LN RY T ange
around t het amfd d@gi’e@&edﬂdnéda;ahn@.hmnetcéﬂitetchs%ﬁ&ltdmg)‘fel& pretent snventiorr &aldpst i c
to make the th v e d
above, in t hz)hézﬁ)lg 0 a*n 1?%&%1&1%%1&\/11«%%‘/&51% 2&ﬁArXb(llgldglemlrh%%%glu‘&??lgfdggé ‘l%glh tin
t he angul ar manq#ﬂgh@ah@nwaﬁmmgwh@ch@mﬂ%p@enénﬂbc@@@gnbféwIammmatﬂmhe same
time, certai @c@é@%baﬁie@éﬁi ﬁghtbhf'eﬂ%%aﬁgﬁm %%639%1%6@&&@91’6 éﬁ‘&i fohe

conversion fornul'ae are si hese are cts of the present

i nvention. EXEIpIEd ¥ithdiSoganypisipnRiecitioniie @ rarswRveEngHirgm the zeaithdthser i ment
was conduct e(ﬁottﬂ palemaflmypdtﬂfmcammecapamdcleelhvﬂng@hstabwanﬁaeiﬂsﬁeﬂtfe)dalfpmm the
i ght source eneqa ]é é ? Mﬁi rradi ated onto a dianond, i.e., a
scatter, in 3‘ §8%1?7() Wohihe P ﬁgt)Flg 13 shows the result obtained
fronlthe experinment, which was a scattering distribution (lum nance
distribution) of the light: (a) shows distribution of the entire light; (b)
shows distribution of red light (R); (c) shows distribution of green |ight
(G; and (d) shows the distribution of blue Iight (B). This col or nmeasuring
device for scattered light of genstones enploys the sanme principle and
configuration as the above-nenti oned device for nmeasuring brightness of
genstones, and is different solely in that white parallel light is

irradi ated, and that the neasuring object is a color tone of the scattered
i ght of genstones. [0130] Fromthe result of the experinment, distribution
of scattered light of the dianmond, when white parallel |ight being

irradi ated, can be obtained with respect to R, G and B, respectively. By
anal yzing this distribution result, color tone of the scattered |ight of a
di anond, which is a genstone, can be neasured in an objective manner. Here,
it can 25 WD 2011/ 148572PCT/JP2011/ 002513 be seen that there are a | ot of
bl ue conmponents as shown in Fig. 13(d) by an arrow. |ndustrial

Applicability



[0131] The device for neasuring propertbgs of scatterers, the device for
nmeasuri ng brightness of genstones, the col or neasuring device for scattered
| i ght of worstioresy2 and t he device for neasuring | um ne®CeRe1UVESE3 but i on
of the present invention are applicable to an industrial field where, using
a parabol oidal mrror or parabol oidal screen, provided that the measuring
object is placed on the focal poi ntgh% m nor or the screen, scattered
light or reflected light froma nea object is required to be neasured
W th highiganpver si on prRak&LOfbr nhdds@id, BerG VAT e ekrék RidheeLaRist h (the
north pole) of a hypothetical sfpherl cal surface having the gbo.ve-,rren%l oned
focal point as its centREPPertics plgscatiqigfrom g;steropseopig sqatteripg digybution o

2011/ 148572PCT/ JP2011/ arbsb3tteréd @onGeddivley be elet @smaB@a U hang witherthines of
scatterers whi ch neasures Pro&gd.tti.gs.of a scatterer froma stereoscopic
scattering distributi on" of S8l o '¥¢ ]tlttmélr’g?mﬁlﬁ%ﬂg‘r eceiving an el ectromagnetic
wave with a certain wavepaadgididdinsior bus panabologibsdresinng: a par abol oi dal
mrror or a paraboloid : : i . far j P
scatterer on a focal pg%sr??&o_% é?t‘ r%gr%gglgﬁgigEéﬁts%ﬁ{e?%ro(ﬂoarfeg%ﬁ)lgﬂgg?Sdé%l oi dal
screen; a generator forPagbeindalinpEosar wikpaekqledalgseene wave; and an

i magi ng means for i magi NgeneAsorFbARHeriNRIHT elcthdmbLidtidGyaavasl whi ch is
generated by said scatter.er upon recei.ving said el ectromagneti c wave from
Sai d generator. and whitCHITRGMERSNS SRR, YRGS TEA65a REGTIETAP o rr or or
proj ected onto sai d parwshoh oi gtabragdrbyesnid schesred uponaeckivogtdiéredectioo be
neasured i s placed on saj [ r a i i .

el ectromagneti c wave i srﬂéﬁlfzggi%%%g?dggﬁ%ﬂ%eg]fe%bsré%ﬁeeoﬁ%%?%@Sﬁ%afgcﬁeg%%salgl t her
any one or nore direct ipuaboladal gmegroper projested ontd sibpasalkitlpidalisicenes, of a

hypot heti cal spherical gupfiaGgiaheytend ak thdhadd isRARH oRSaldlspeiih €T and
wherein scattering waves scattered by said scatterer and reflected off said
par abol oi dal nirror or RRR¥TBeEBY onto sai d parabol oi dal screen are i maged
by said inmagi ng neans aghdiaRaid dlétagagndirtviaveadradhiggebiio §4i0 Rt dtletts from

obt ai ned i magi ng dat a, 33 stter@osccipi c distri butti on of said scattering waves
generated by said scat tRiert GECHEPATITY Ay JUEGHONRL SIF &F BIRELEFIRAIS s 5 d
scatterer fromthe di strectbusiodnhypsthétical grhdriviendace hahmgserittbedl ipogt waites
are obtained in the sco&ﬁt%%%ﬁ than 3 pi /4 (rad.) of a curve on the cross
section with center axis of a hypothetical spherical surface with the focal
point on it's center. AvkWtigscatesisgmangs watigred by srid seaiteraspad reflegied abf

genstones using the dewgepdrfoldBATHIEIORSr PlofREULINES s pSaRSIbRIEIFecGsOr di Ng
to claiml1, for the pur_gjose of asur.i n%eco ors of sca tgqrﬁ?d |.i ght of

genst ones, wherein whi 1812884 BY paid INagpg means; 4splaias {raaging G- 4gener ator to a

genst one; wherein from thus obtained imaging data, a stereoscopic distribution of
said scattering waves generated by said scatterer is obtained so as to
measure properties of said scatterer from the distribution result,
and wherein the scattering waves are obtained in the scope less than 3
pi /4 (rad.) of a curve on the cross section with center axis of a hypo-
thetical spherical surface with the focal point on it's center.

[Claim 2] A color measuring device for scattered light of gemstones using the
device for measuring properties of scatterers according to claim 1, for
the purpose of measuring colors of scattered light of gemstones,
wherein white parallel light is irradiated from a generator to a
gemstone;
wherein scattering waves scattered by said scatterer and reflected off
said paraboloidal mirror or projected onto said paraboloidal screen are
imaged by said imaging means as a planar imaging data, and

wherein from thus obtained imaging data, color scattering or a



wherein scattering waves scattered by spid scatterer and reflected off said
parabol oidal mrror or projected onto said parabol oi dal screen are i mged
by sai d iwagong4sssans as a pl anar imagi ng data, and wheP€TAPiron25iaus

obtai ned i magi ng data, color scattering or a 27 WO

2011/ 148572PCT/ JP2011/ 002513 wavel ength distribution of said scattered

| ight of said genstone W@Jewm@ﬂidlﬁtﬁbhﬁi@idfmuﬂtﬁéd lightd vhid @efmetonBRAg bin-NY
bri ght ness of gemstones u5| ﬂ{”‘fh (few ce for nmeasuring properties of
scatterers according t ot fSr the pur pose of neasuring stereoscopic
di stri hUtaimr3]of gl i tterAdéVlgfefmtrmaelsrmgdmghnr@seoﬁlgerm@tms usial the dgivice for

conprising: a [ight So%gﬁurlh%gﬁoﬁgx‘ﬁe%f aﬂ&@l%ra% ing fiQk1 'lef&ttﬂl%rﬁ&fea' el

l'ight, wherein a genstone to asure | ace n sai d speci
platform and wherein tHeENqSEYANS BrepsCapic dﬂ&t@bﬁtwuqﬂ gliftegraf gs:am%lés pRON

irradiated onto said gqg&t@ngngﬁlrdlﬁgﬁtt chmpRidg:di rectl on between a direction
of the central axis of said ﬁgara ol 0|d | mrror arabol mﬁg’ creen and

a direction normal to thiehl sHIFGInsisade at%‘?n‘?@oé’t P(/ THUNE DAf Y east
said parallel light andvisaeid agemstonneo anaairfiE phiceth oakailepstim&® degr ees
around the central axis, 2n 91 wherein light then generated from said
genstone is reflected oq% Sard parabol oidal mrror or projected onto said
par abol oi dal screen and’vln@emrﬂa@e&ialﬂﬁ} light fgor veidiliayt sreiaersis asaditedhantoispidgi ng

data, and wherein fromd, tﬂ‘H?on@Q& ?c'a&%rﬂh%ﬂ@éudn%%é& m}&tloﬁ‘oﬁﬁl@ CBRARGOPI C

| um nance distribution™f Iig rays gener at ed sal d genstone, 1 ncluding
the size and the nunberaxéﬁotsﬁ@ Harﬁwim %y@rrpg%%aréhﬂlﬁflécscreﬁ\na@%é@eqtﬁm

neasuring | um nescence bl tolikk d:éhﬁaﬁ@yﬁ@%@“r@lﬁtﬁ ‘Etdiﬁtl@it%asﬂ@&spﬁrhlm devi ce

for scattered |ight of of C1a ht sour
rreasﬁr es a ster:agscopl cl% ‘ﬁ %%%%O%ﬁil Oﬂﬁfl geaétrbg)ecleg qeﬁlﬁfoﬁﬁgﬁlgnt

illum nant, and has theehwhllaxw, mgl f eat ures: a parabol oidal mrror

a
S ?é%%k\%a%?ﬂsa jrror,

an illumnant is placed on FOEaF ara mrror,
light emitted fromthe palrah@lﬁlda%émlrr@nmtmje@@dtqnms paralyfloidilesciegn abdlisoi dal

mrror is reflected by jLig.P8Y ¢ ?é?@ hRA AR MRS Rplar@P ndgind 887 dngrged by the
i magi ng neans; alternatively, the case of using the parabol oidal screen,

an illuminant is pl acedvleﬁelpﬁ@m@&ép f3bieH P! Wrt%%@aéwwﬁasw@&een
light emtted fromthe luhinstdadntribanod beligeniysalendvsied b@fsaidl‘gen@afnabol oi dal

anlyzing 6 ther of tnetv hADERD A ad BFnaRerEhe BAtR i RERoe " ©

di stri h0tdimrA] of t he il [Adenanforingeapmarulpednescence distribution accordmg to the
color measuring device for scattered light of gemstones of Claim 3,
without the light source, measures a stereoscopic luminescence dis-
tribution of a self-luminescent illuminant, and has the following
features: a paraboloidal mirror or a paraboloidal screen is used; in the
case of using the paraboloidal mirror, an illuminant is placed on the
focal point of the paraboloidal mirror; light emitted from the illuminant
on the central axis of the paraboloidal mirror is reflected by the
paraboloidal mirror, and is then imaged by the imaging means; alter-
natively, in the case of using the paraboloidal screen, an illuminant is
placed on the focal point of the paraboloidal screen; light emitted from
the illuminant on the central axis of the paraboloidal screen is projected
onto the paraboloidal screen, and is then imaged; by analyzing either of
the imaging data, the stereoscopic luminescence distribution of the il-

luminant is measured.



