
WO 01/61316 PCT/US01/03869  1 DESCRIPTION  Systems, Apparatuses and Methods
for  Diamond Color Measurement and Analysis  Field of the Invention 5 The
present invention relates to systems, apparatuses and methods for gem color
measurement and analysis, and more particularly systems, apparatuses and
methods for  measuring and analyzing the color of a diamond in a manner
that approximates visual  measurement and analysis methodology. Background
of the Invention 10 Diamonds and other gemstones are often analyzed based
upon their visual  appearance to the human eye. Indeed, a diamond's visual
appearance to the human eye  under natural or daylight-approximating light
is a primary indicator of the quality of the  diamond. Accordingly, because
diamond quality is substantially based on human visual  perception, diamond
analysis requires the exercise of judgment, the formation of opinions  15
and the ability to draw fine distinctions based on visual comparisons. In
practice, diamond quality analysis is optimally performed by a team of
trained  individuals who visually inspect a diamond for features such as
inclusions and structural  flaws. This time-intensive process involves
numerous inspections, measurements and  checks by each individual. The
process also involves quality control and may include a 20 variety of
non-destructive tests to identify treatments, fillings or other defects
that may  affect the quality of a specimen. Finally, the process includes
intensive visual comparison  of the diamond with a reference set of diamond
master stones that serve as a historical  standard with respect to diamond
color and clarity. The foundation of diamond analysis comprises analysis of
the Four C's (color,  25 clarity, cut and carat weight), a method of
analysis invented by the Gemological Institute  of America (GIA). Two of
the Four C's, color and clarity, are evaluated along a scale or  continuum.
In the case of colorless to light-yellow colored diamonds, an analysis is
made  along what is commonly referred to as the GIA D to Z scale. The GIA D
to Z color scale,  ranging from colorless to yellow, is an international
standard which has been calibrated to  30 GIA's master diamonds since its
development. As described above, the visual inspection process of diamond
analysis is subtle,  time consuming and requires trained and experienced
individuals. As a result, many  members of the jewelry and gem field have
stated a need for an instrument that can 



WO 01/61316 PCT/US01/03869  2 approximately analyze a diamond's color
according to the D to Z standard. Over the years,  numerous mechanical
instruments have been proposed to "measure" the color of a  polished
diamond. Yet, apart from the problems of calibration errors and electronic
drift,  these instruments have not reached the desired level of accuracy
and repeatability due to 5 various inadequacies. Moreover, these
instruments have not approximated visual color  analysis methodology in a
manner that makes their results meaningful within the context  of the
historical analysis standards. The history of mechanical gemstone color
grading instruments dates at least back  to the 1940's when Dr. Robert M.
Shipley, founder of GIA, developed a simple  10 colorimeter comprising a
light source and an incrementally moveable, colored plastic wedge. The
Shipley device positioned the colored wedge behind a static diamond mount,
allowing the user to compare the color of the diamond against the colored
wedge  backdrop. The Shipley device thus acted as an aid to visual
inspection, relying on the  human eye instead of a mechanical light
detector and the human brain instead of an optical  15 measurement device
and processor. In the 1950's, Dr. Shipley invented the first non-visual gem
color analysis  instrument, a modified color comparator, comprising a
tungsten filament lamp for a light  source, a photo cell for a light
detector, blue and yellow light filters, a static stone holder  and an iris
diaphragm that passes light through to the photo cell. According to the
method 20 of the Shipley Colorimeter, the instrument user placed the
diamond table down over a  diffuser plate so that the tungsten light was
transmitted first through the diamond and then  through the iris diaphragm
to the photocell. The instrument user then made sequential  measurements of
transmitted light, first deploying the blue filter and then deploying the
yellow filter. According to the method of the invention, the instrument
user subsequently 25 compared the two transmission magnitudes detected by
the photocell and looked up the  results in a table organized along the D
to Z scale to determine the index of the diamond's  color. Although the
Shipley Colorimeter provided a type of color standard for many  years, that
standard did not precisely correlate with historical visual analysis
standards for  30 several reasons. First, the geometric relationship
between the diamond, the light source and the detector did not approximate
that of visual diamond analysis. Second, the  tungsten filament lamp,
though of fair output stability, did not provide the type of daylight
conditions which have been the standard for visual analysis of diamonds and
other  



gemstones. Third, the photocell detector did not register each individual
frequency in the 35 spectrum of visible light, like the human eye, but
rather tracked the change in an overall  spectrum magnitude resulting from
the change in light filters. Thus, although the Shipley  Colorimeter
provided a highly useful and innovative instrument for non-visual diamond
WO 01/61316 PCT/US01/03869  3 color analysis, it did not precisely
approximate visual analysis methodology. Moreover,  during analysis, the
diamond was static, not rotated, and the device did not average color  over
a 360 rotation. In the 1970's, the Eickhorst Colorimeter and the Okuda
Colorimeter introduced  5 two new varieties of color measurement
instruments. Although still based on the color  comparator method of the
Shipley Colorimeter, Eickhorst disclosed the concept of using a  fiber
optic couple to direct light to the light detector. Okuda disclosed the
concept of a  voltage-stabilized tungsten light source and an integrating
sphere to direct light on the  diamond. However, like the Shipley
Colorimeter, these instruments relied on the tungsten 10 filament lamps for
their light source. Moreover, like the Shipley Colorimeter, the devices
compared the overall magnitude of light transmitted by the diamond in
response to the use  of two different frequency filters. The Eickhorst and
Okuda instruments furthermore  directed the tungsten light into the crown
facets of the diamond, rather than illuminating  the diamond into its
pavilion side, and did not subsequently measure the light coming out  15 of
the pavilion side, as is the case with visual diamond analysis. In the
1980's, U.S. Patent No. 4,508,449, to Okazaki, disclosed an apparatus for
measuring the color of a brilliant cut diamond by using a spectrophotometer
to measure a  limited spectrum of light coming from a diamond. The
instrument included an arithmetic  unit for deriving tristimulus values X,
Y and Z from the measured spectrum. Okazaki 20 further disclosed the use of
a xenon or halogen white light source and a type of filter  (monochromater)
to provide a beam of monochromatic light that is sequentially varied in
frequency over a spectral band of interest. Okazaki further disclosed a
method of  recording the magnitude of light emanating from the diamond in
response to sequentially  changing frequencies within the spectral band of
interest. Okazaki taught away from 25 directing light into the pavilion
side of the diamond in the manner of visual analysis (Col.  1, 11.38-39)
and did not detect, either directly or indirectly, a specific angle of
light coming  from the diamond. Additionally, Okazaki's use of a
photomultiplier tube and his  sequential measurement of frequency response
within the spectral band of interest creates  an undesirable time delay in
recording the transmission spectrum. 



30 The 1990's have seen several variations in diamond color analysis
instruments.  For example, the Austron Colorimeter and the Gran Colorimeter
disclosed the use of a  photodiode as a light detector. Like their
predecessors, the Austron and Gran  Colorimeters used, respectively,
halogen and tungsten lamps, and directed their  illumination into the crown
of the diamond. These instruments also did not rotate the 35 diamond during
measurement. Additionally, the instruments relied on the colorimeter
comparison method of sequential filtering and, in the case of the Gran
Colorimeter,  compiled tristimulus color values. WO 01/61316 PCT/US01/03869
4 Other instruments have incorporated spectrophotometers to improve
consistency  and accuracy in gemstone color analysis. For example, in 1992
Zeiss-Gubelin developed  an instrument using a spectrophotometer. The
Zeiss-Gubelin system transmitted light  from a Xenon flash lamp via an
integrating sphere into the pavilion facets of the diamond, 5 placed table
down, and indirectly detected a compilation of light coming from all angles
from the pavilion facets of the diamond using the same integrating sphere.
The Zeiss- Gubelin system also used a Xenon flash lamp to make a static
measurement of diamond  color. Later spectrophotometric systems, including
the Rennilson-Hale Gemstone  10 Colorimeter, the Lamdaspec
Spectrophotometer, and the Gran Spectrophotometer  (DC2000FS) made use of
Tungsten, Halogen and/or Xenon lamps. Although these  systems were capable
of detecting and analyzing the full spectrum of light, the instruments
themselves failed to respect the geometric relationships used for visual
diamond analysis.  Moreover, none of the systems deployed a dynamic color
analysis technique involving a 15 rotation of the diamond. The systems
furthermore did not average color over a rotation of  the diamond. An
Adamas system, which performs color analysis and deploys a
spectrophotometer, has been developed. However, the Adamas system
illuminates  through the table of the diamond, uses an integrating sphere
and analyzes color using a 20 single, static measurement. The instrument
further does not approximate visual color  analysis methodology, and does
not meaningfully correlate the results to historical  precedents of visual
diamond analysis. What is needed is a simple system and instrument which
reliably and consistently  approximates historical visual analysis
methodology, including, for example, detection  25 methodology, light
source composition, illumination angles, and the use of historical 



visual analysis standards in order to correlate instrument results with
historical precedents.  There is further a need for a system and instrument
with a stabilized output of daylight- approximating light, which can
compensate for electronic drift, and which can reduce the  hindering
effects of light dispersion and direct reflection which occur when
mechanically 30 simulating visual detection methodology. Existing devices
are inadequate for these  purposes. Summary of the Invention The present
invention comprises systems, instruments and methods for analyzing  germ
color in a way which reliably and consistently simulates visual color
analysis  35 methodology. The preferred embodiment of the present invention
comprises several aspects, including the use of daylight-approximating
lamps, such as daylight WO 01/61316 PCT/US01/03869  5 approximating
fluorescent tubes, and a geometry which simulates the results of visual
analysis. In the case of non-fancy-colored diamond analysis, in one
embodiment, the  system includes three major elements: a
daylight-approximating light source that  illuminates the pavilion side of
the diamond, a light detector which detects light coming 5 out of the
pavilion side of the diamond at a specific angle, and an optical
measurement  device which measures the light detected by the light
detector. In another embodiment, a  measurement chamber encloses the
diamond to be analyzed and the daylight- approximating light source
illuminates the pavilion side of the diamond through a diffuser.  Although
a variety of light detectors and optical measurement devices may be used in
the 10 present invention, in a preferred embodiment the light detector
comprises a fiber optic  cable connected to a diode-array, and the optical
measurement device comprises a  spectrophotometer. In another preferred
embodiment of the invention, the system further  comprises a fourth
element: an optical analysis mechanism, such as a data processor, that
compares measurement data from the optical measurement device to a
historical precedent  15 and/or converts the measurement data into CIE
color space. According to one embodiment of the invention, the system
includes four elements:  a daylight-approximating light source that
illuminates the pavilion side of a diamond, a  rotor which rotates the
diamond during illumination, a light detector and an optical  measurement
device which measures the light detected by the light detector. In a 20
preferred variation of this embodiment, the optical measurement device
measures light  which the detector has detected coming from the diamond at
a specific angle relative to the  table of the diamond during the course of
a single rotation of the diamond. 



The various elements of the invention disclosed herein may be provided as
separate pieces or as a single unit. For example, in the previously
described embodiment,  25 the light source may form part of an integrated
unit with the rotor or alternately be provided separately. In another
embodiment, the light detector and the optical  measurement device may
comprise an integrated unit with the light source and the rotor.  The
integrated unit may further comprise an optical analysis mechanism.
Likewise,  elements of the light detector may be part of the same unit as
the optical measurement 30 device, as in the case of a diode-array
spectrophotometer, or may be provided separately.  In order to overcome
difficulties associated with visual analysis geometry, a  preferred
embodiment of the invention includes at least one of several innovations to
increase system stability and reliability. In a preferred embodiment, the
system includes  high frequency ballast in order to stabilize the
daylight-approximating light source. 35 Likewise, in another preferred
embodiment, the system includes a light diffuser between  the light source
and the gemstone which serves to reduce the hindering effects of
dispersion and direct reflections caused by the kind of illumination used
in visual color WO 01/61316 PCT/US01/03869  6 analysis. In another
preferred embodiment, the invention includes a mechanism to process  a
plurality of separate light spectrum measurements taken over the course of
rotation of a  gemstone. According to this preferred embodiment, the
invention comprises a rotor  platform that optionally has a stabilization
ring to ensure its consistent rotation. In another 5 embodiment, designed
to overcome difficulties associated with electronic drift, the  invention
includes a correct-for-drift feature which may operate either statically or
dynamically. The methods of the present invention generally relate to the
use of a system and  instrument to analyze the color of a gemstone
according to historical precedent. In  10 accordance with one aspect of the
method, the method of the invention comprises the steps of illuminating a
gemstone with daylight-approximating light, detecting the light coming
from a specific angle from the gemstone, measuring the detected light with
an optical  measurement device, analyzing the measurement data with an
optical analysis mechanism,  and indicating the color of the gemstone
according to historical precedent. 15 According to another aspect of the
method of the invention specifically applicable  to diamond analysis, the
method comprises the steps of illuminating the pavilion side of a  diamond
with daylight-approximating light, detecting the light that is coming out
of the  pavilion side of a table-down diamond at a specific angle relative
to the table of the  



diamond, measuring the detected light with an optical measurement device
and comparing 20 the measurement data against historical precedent.
According to another aspect of the  method of the invention, the method
comprises the steps of placing a diamond on a rotor  platform, illuminating
the pavilion side of the diamond with daylight-approximating light,
rotating the rotor platform, detecting the light that is coming out of the
pavilion side of the  diamond at a specific angle relative to the table of
the diamond during rotation, measuring 25 the detected light with an
optical measurement device and analyzing the measurement  data. As for
systems and instruments, it is one object of the invention to increase the
ease by which individuals may obtain substantially reliable gemstone color
analysis. It is  another object of the present invention to overcome the
difficulties associated with the 30 application of visual analysis geometry
to a mechanical analysis system. It is another  object of the invention to
provide a stable and reliable system for gem color analysis. It is  another
object of the invention to reduce dispersion and direct reflection during
gem color  analysis. As for the methods of the invention, it is an object
of the invention to provide a  35 method of color analysis performable by
individuals with little technical training or  experience in gemology. It
is a further object of the invention to provide methods which  permit such
individuals with little technical training or experience in gemology to
reliably WO 01/61316 PCT/US01/03869  7 and consistently obtain
semi-automated color analyses according to visual color analysis
methodology. Brief Description of the Drawings Reference is next made to a
brief description of the drawings, which are intended  5 to illustrate
gemstone color analysis systems and instruments for use as disclosed
herein.  The drawings and detailed description which follow are intended to
be merely illustrative  and are not intended to limit the scope of the
invention as set forth in the appended claims. Fig. 1 depicts a light box
which is illuminated overhead by daylight-approximating  fluorescent lamps
(high frequency ballast not shown). 10 Fig. 2 shows an angle perspective
view of a light sensing fiber optic cable of a  simplified embodiment of
the present invention with the cable directed at an angle of  between zero
and approximately forty-five degrees relative to the table of the
table-down  diamond when the diamond is accommodated on the rotating
platform. The rotating  platform and diffuser are shown within the light
box of Fig. 1. 



15 Fig. 3 shows an angle perspective view of a simplified embodiment of the
present  invention wherein the diamond is positioned, table-down, on a
rotor platform, wherein the  rotor platform is enclosed by a measuring
chamber. A diffuser separates the light source  (not shown) and the
diamond. Fig. 4 shows the embodiment of Fig. 3 without the measuring
chamber and  20 diffuser. Fig. 5 shows an angle perspective view of a
preferred integrated unit embodiment  of the invention wherein a fiber
optic cable is contained in a light sensor housing and  positioned at an
angle between zero and approximately forty-five degrees above the rotor
platform. 25 Fig. 6 shows the embodiment of Fig. 5 with the measuring
chamber in the fully  deployed position. Fig. 7 shows an angle perspective
view of an alternate embodiment of the  invention wherein the invention
comprises a swingle arm having a dark reference that  enables a dark
reading as part of a calibration procedure. 30 Fig. 8 shows a top angle
perspective view of the alternate embodiment of Fig. 7  where the swingle
arm is in the nearly closed position. Fig. 9 shows a composite view of an
embodiment of the present invention with a  correct- for-drift feature
comprising a second fiber optic cable directed at an angle  between zero
and approximately forty-five degrees into a reference material measurement
35 chamber and reference platform made of the same material and having the
same diffuser  as the measurement chamber and rotor platform. WO 01/61316
PCT/US01/03869  8 Fig. 10 shows an integrated view of the system of the
present invention including  the light box, measurement instrument, optical
measurement device, data processor and  monitor. Fig. 11 shows an angle
perspective view of an alternate embodiment of the  5 invention wherein the
measurement instrument is an integrated unit and the position of the  light
detector relative to the platform (not shown) is adjusted by a positioning
assembly. Fig. 12 shows the measurement instrument of Fig. 11 placed within
the light box,  ready for use. Detailed Description 10 Fig. 1 shows one
embodiment of part of the system of the present invention as  disclosed for
use herein. In this embodiment, the system comprises at least one daylight-



approximating lamp 10 which provides a light source akin to that used for
visual color  analysis of diamonds. According to this embodiment, the light
source is positioned in a  light box 20 and provides overhead illumination
for a gemstone (not shown) contained 15 within the light box. The light box
of Fig. 1 may be of any size capable of containing a  light source and a
diamond or other gemstone. In the embodiment shown in Fig. 1, the
daylight-approximating lamp is a daylight-approximating fluorescent lamp
used in visual  color analysis such as an Osram Biolux 72, Verilux F20T12
or Gretag Macbeth  F20T1265. However, other lamps with a color temperature
of between 5500 and 6500 20 Kelvin having a high color rendering index,
preferably of at least 95, may be beneficially  employed. The light box has
the approximate length of the preferred daylight- approximating fluorescent
lamp. The interior 22 of the light box 20 preferably has either  white or
light gray walls. According to another aspect of the invention, the system
novelly creates  25 illumination by modifying a halogen light source having
a high color temperature,  preferably above 4000 Kelvin, and a filter that
boosts the color temperature to daylight  equivalence, preferably between
5,500 to 6,500 Kelvin. According to this aspect of  invention, the
illumination source may comprise a halogen lamp, preferably with a
stabilized power supply, and boosted by a daylight correction filter such
as a Schott filter  30 BG26/2mm to approximate daylight conditions. Fig. 2
shows a simple embodiment of the measurement instrument of the present
invention along with the light source and light box of Fig. 1. According to
this simplified  embodiment of the measurement instrument, a light detector
comprising fiber optic cable  30 is directed, at an angle of between zero
and approximately forty-five degrees, at the 35 pavilion facets of a
diamond 40 which is positioned table-down on a rotor platform 50.  The
rotor platform 50 is in turn connected by a stabilizer column 60 to rotor
70. The rotor WO 01/61316 PCT/US01/03869  9 platform 50 is shown in Fig. 2
within the light box 20 with the light from lamp 10  transmitted by
diffuser 90 in the direction of pavilion facets of the diamond 40. This
form  of diffused transmission serves to reduce the hindering effects of
direct light reflections  and dispersion and substantially facilitates
detection of specific angles of light coming  5 from the diamond which
approximates visual analysis methodology. According to one embodiment, the
diffuser 90 is made of thin  polytetrafluorethylene (PTFE), although other
suitable equivalent diffusing materials may  be used. In a preferred
embodiment, the diffuser is made of Teflon(r) of a thickness of  



between .06 and 1.0 mm, and in the most preferred embodiment is made of
Teflon(r) of a 10 thickness of .4 mm. Rotor 70 preferably comprises a
continuous duty motor, such as a  synchronic 3 Watt AC continuous duty
motor. In a most preferred embodiment, rotor 70  rotates at a speed of 20
rpm although a number of rotation speeds can be used provided  they are
coordinated with the measurement and analysis components of the system. As
shown in Fig. 2, the light detector comprising fiber optic cable 30 further
comprises 15 collimator 100. However, although the light detector
preferably comprises a fiber optic  cable 30 with collimator 100, other
light detectors suitable to approximating visual  analysis methodology may
be used. As shown in Fig. 2, for reasons of stability, rotor  platform 50
is preferably circular in cross-section. However, other platform shapes may
be used. Likewise, although Fig. 2 shows rotor 70 and the light detector
comprising fiber 20 optic cable 30 as physically unconnected, they may form
part of an integrated  measurement instrument. (See Fig. 5). Fig. 3 shows
an angle perspective view of an embodiment of the measurement  instrument
of the present invention wherein the diamond 40 is accommodated, in a
table- down position, by a surface, rotor platform 50. In Fig. 3, rotor
platform 50 is rotatably 25 connected to rotor 70. Rotor platform 50 is
also enclosed by measuring chamber 110 and  diffuser 130, said diffuser
preferably located near to the diamond 40 between the light  source (not
shown) and the diamond. As in the embodiment shown in Fig. 2, the diffuser
130 is preferably made of a thin white Teflon(r) material which diffuses
the light  transmitted from above the diamond. According to a preferred
embodiment, the 30 measurement chamber 110 and rotor platform 50 are made
of a reflective material, more  preferably a diffuse, reflective material,
and most preferably a diffuse, white reflective  material such as
polytetrafluorethylene (PTFE). Other materials such as barium sulphate  or
Spectralon(r) may be used provided they have minimal specific absorption in
the visible  and near UV spectrum. In a preferred embodiment, the material
also does not fluoresce to 35 ultra-violet radiation. In the embodiment
shown in Fig. 3, the diffuser 130 is connected to  the top of the
measurement chamber 110 so that it at least partially seals the top of the
measurement chamber. As shown in Fig. 3, the measurement chamber is
preferably a WO 01/61316 PCT/US01/03869  10 cylinder with a circular
cross-section. Alternatively, the measurement chamber may have  another
cross-sectional shape. According to the embodiment of Fig. 3, the light
source  (not shown) illuminates diamond 40 from its pavilion side, while
rotor platform 50 rotates  and the light detector, comprising fiber optic
cable 30, detects the light coming out at a  



5 specific angle from the pavilion side of the rotating diamond. Fig. 4
shows the embodiment of Fig. 3 with the measurement chamber 110 and
diffuser 130 removed. The geometric relationship between diamond 40, rotor
platform 50  and the light detector comprising fiber optic cable 30,
approximates the geometry of visual  color analysis methodology. The rotor
platform 50 may optionally be stabilized by a 10 circular stabilizing
column 60 wherein the column stabilizes the base of a rotating rod 55
connected to rotor platform 50. Rotor platform 50 preferably has a slightly
hollow top  portion so that it can more securely accommodate a table-down
diamond. Most  preferably, rotor platform 50 has a slope of approximately
three degrees from its center to  each point on its circumference in order
to stabilize the diamond during rotation. The 15 stabilizing column 60 may
be of various heights and may even extend past the horizontal  plane of the
rotor platform 50. The stabilizer column may also support the measurement
chamber 110 when the measurement chamber is deployed. Although the surface
accommodating the diamond is shown as a platform, other types of surfaces,
such as the  instrument base itself, may be used to accommodate the
diamond. 20 In a preferred embodiment, the platform doubles as a white
reference for  calibration purposes. According to this embodiment, the user
takes calibration readings  based on detection of light coming from the
platform with the gem removed. The user  then may recalibrate the
measurement device, such as by pressing a button on a  spectrophotometer,
should the reading change between gem analyses. Alternatively, the 25
calibration readings and/or recalibration of the instrument may occur
automatically  between gem analyses. In a preferred embodiment of the
measurement instrument portion of the invention,  shown in Fig. 5, fiber
optic cable 30, rotor 70, the rotor platform 50 and the measurement
chamber 110 are all integrated on a base 140. Thus, the rotor, rotor
platform and light 30 detector are part of an integrated unit that
maintains the proper geometrical relationships  conforming to visual color
analysis methodology. As shown in Fig. 5, the rotor platform  50 may form a
unit with cylinder 150 which stabilizes the rotation of the rotor platform.
The fiber optic cable 30 (not shown) is preferably contained in light
detector housing 160  such that the detecting end of the diamond cable is
positioned at an angle between zero 35 and approximately forty-five degrees
above where a table would rest on the rotor platform  50. The light
detector housing 160 may have a collimator (not shown) and a light conduit
170 to ensure the correct angle of light coming from the gem is detected.
An optional WO 01/61316 PCT/US01/03869  11 



angle adjust mechanism 180 may be altered to change the angle of light
detection by the  light detector. In the embodiment shown in Fig. 5, the
angle adjust mechanism 180  comprises a plurality of slotted armatures 190a
and 190b. The angle adjust mechanism  may optionally be connected to an
angle direction read-out (not shown) which may be 5 either analog (as shown
in Fig. 9) or digital. In an alternate embodiment, the light detector  may
rotate around a stationary diamond-accommodating surface to detect light
coming  from the diamond. According to a preferred embodiment of the
invention, the light detector detects  light directly coming from the
diamond at a specific angle relative to the table of the  10 diamond. In
the case of non-fancy-colored diamonds, the specific angle of light
detected is preferably between zero and approximately forty-five degrees
relative to the table of a  table-down diamond. Although other angles of
detection may be used, such angles are not  preferred to the extent they do
not approximate visual analysis methodology. However,  according to a
preferred embodiment, the detector may detect light coming out of the 15
pavilion side of a non-fancy-colored diamond at more than one angle, either
sequentially  or simultaneously, but within a specific angle range,
preferably within zero to  approximately forty-five degrees relative to the
table of a table-down diamond. According  to this embodiment, the detection
of a plurality of angles within a specific angle range may  be accomplished
by a variety of techniques, including moving the detector during 20
detection, using additional detectors, using a wide angle detector, and/or
tilting the  platform or other gem-accommodation surface during detection.
If the detection of a  plurality of angles within a specific angle range
occurs sequentially for a rotating  gemstone, then the sequential change in
angle preferably occurs after a complete rotation.  In the case of
simultaneous detection, for a rotating non-fancy-colored diamond the 25
detector or detectors preferably detect a plurality of angles within the
specific angle range  during the course of a single rotation. According to
the preferred embodiment, the light detector detects light coming  from a
specific angle from the diamond at an identifiable distance relative to the
center of  a table-down diamond. For non-fancy-colored diamonds that
distance is preferably 30 between 10 mm to 50 mm from the center of a
table-down diamond. If a collimator or  other detection-narrowing device is
used, the preferred distance from the diamond will  increase as the field
of detection narrows. Likewise, within the preferred ranges, the  distance
may also increase with the narrowing of the fiber diameter. Similar
adjustments  within the preferred ranges may be made, for example, to
adjust for the particular height 35 selected for the rotor platform or
adjust for diamond size and position. Minor adjustments  



may optionally be made to adjust to changes in the diameters of the
measurement chamber  and the platform or changes in the distance of the
diffuser from the gemstone. Although WO 01/61316 PCT/US01/03869  12 the
specific angle of light from the gem to be detected may be detected
indirectly, such as  by the use of a reflecting mirror, direct detection
such as shown in Fig. 5, is preferred. In Fig. 5, the preferred measurement
instrument comprises a moveable  measurement chamber 110 having an armature
210 and a diffuser 130. The moveable  5 measurement chamber 110 may be
withdrawn in order to permit access to the rotor platform 50 during gem
placement and gem removal. Conversely, as shown in Fig. 6, the  moveable
measuring chamber 110 may be deployed to cover rotor platform 50 during
light  detection and stabilize its rotation. As shown in Fig. 5, the
armature 210 is connected to  stationary mount 200 by movement joint 220
wherein movement joint 220 comprises a 10 metal bar 222 running
horizontally through armature 210 and stationary mount 200. The  metal bar
222 is secured on the sides of the stationary mount 200 by nuts 225a and
225b  respectively (not shown). The coupling of the armature 210 and the
stationary mount 200  permit controlled movement of the armature 210 and
moveable measurement chamber 110  between deployed and non-deployed
positions. 15 According to one aspect of the invention, the measurement
instrument provides for  steady, consistent movement of the armature and
the moveable measurement chamber, and  ensures a precise range of motion
for the measurement chamber so as to maintain the  proper geometric
relationships during measurement. This aspect of the invention also
prevents unwanted contact between the rotor platform and the moveable
measurement 20 chamber during light detection. To these ends, an embodiment
of the measurement  instrument of the present invention, shown in Fig. 5,
has a rotating wheel couple  comprising a centered large wheel 230 coupled
to a non-centered small wheel 240 and a  positioning bar 250 running
horizontally through both wheels, parallel to base 140.  According to the
embodiment shown in Fig. 5, the two wheels are not concentric such that 25
rotating both wheels by moving positioning bar 250 in a circular motion
results in the  small wheel 240 gradually increasing or decreasing its
distance from the base 140,  depending on whether the motion of the
positioning bar 250 is clockwise or  counterclockwise. In the embodiment
shown in Fig. 5, the armature 210 rests across the  width of the small
wheel 240. By moving the wheels 230 and 240 using the clockwise 30 circular
motion of the positioning bar 250, the armature 210 and measuring chamber
110  will gradually and steadily be lowered into the deployed position as
shown in Fig. 6.  



Conversely, the armature 210 may be raised into the non-deployed position
by a counter- circular motion of positioning bar 250 as shown in Fig. 5.
According to the embodiment of Fig. 5, the positioning bar's movement is
35 restrained by a slotted track (not shown) located in a coupling piece
260 which couples the  two wheels 230 and 240. The positioning bar 250 is
rotated through the track (not shown)  until the positioning bar reaches
stop 270, at which point the moveable measuring WO 01/61316 PCT/US01/03869
13 chamber 110 is fully deployed above the rotating platform 50. Stop 270
thus prevents the  moveable measurement chamber 110 from being lowered in a
manner which would  interfere with the path of detection for the light
detector, the rotation of the rotor platform  or the proper geometric
measurement relationship between the various elements of the 5 measurement
instrument. In a preferred embodiment, the moveable measurement  chamber
may be locked into position during light detection. The embodiment of Figs.
5  and 6 thus beneficially uses the motion of coupled wheels 230 and 240,
and the stop 270  to achieve steady and consistent placement of the
moveable measurement chamber.  However, other mechanical mechanisms as are
known in the art may be used to achieve  10 the same result. Fig. 7 shows
an angle perspective of an alternate embodiment of the invention  wherein
the invention comprises a swingle arm 280 having a dark reference 290 for
purposes of measurement calibration. The swingle arm 280 may be movably
attached to  the base 140 such that it may be moved from the non-deployed
position shown in Fig. 7 to 15 the deployed position, shown nearly deployed
in Fig. 8. Fig. 8 demonstrates the  embodiment of Fig. 7 with the deployed
swingle arm 280 beginning to place the dark  reference 290 over the light
detector conduit 170 (not shown) so that the user can take a  dark reading.
In the embodiment shown in Fig. 7, the measurement chamber 110 is shown in
the  20 non-deployed mode. The measurement chamber 110 is a hollow
cylinder, with an opening  in its side which enables light from the chamber
to reach the light detector. As shown in  this embodiment, the measurement
chamber 110 is also integrated with the armature 210.  However, the
measurement chamber and armature may alternately be provided as separate
pieces. As further shown in the embodiment of Fig. 7, the measurement
chamber 110 is 25 covered by diffuser 130 which is integrated within
armature head 320. Alternately, the  diffuser 130 may simply cover the
measurement chamber without the need for an armature  head. Moreover,
although Fig. 7 discloses a moveable measurement chamber, in an  



alternate embodiment, the measurement chamber is stationary and the light
detector is  moveable to permit placement and removal of the gemstone. 30
In another embodiment of the present invention, shown in Fig. 9, the system
includes a correct-for-drift feature comprising a second light detector
further comprising a  fiber optic cable 400, directed at an angle between
zero and approximately forty-five  degrees at reference material
measurement chamber 430 and a reference platform (not  shown). The
reference chamber 430 and reference platform (not shown) are made of the 35
same material and preferably use the same type of diffuser as the primary
measuring  chamber and rotor platform. The second light detector comprising
fiber optic cable 400 is  positioned at the same angle with respect to the
reference platform as the first light WO 01/61316 PCT/US01/03869  14
detector comprising fiber optic cable 30 is positioned relative to rotor
platform 50. The  correct-for-drift feature may either statically or
dynamically provide data to either a data  processor and/or optical
measurement device which in turn corrects the system for  electronic drift
and/or interference. The correct-drift-feature may be included as an 5
integrated part of the measurement instrument or may be provided separately
as shown in  Fig. 9. Preferably, the correct-for-drift feature makes use of
the same light source and  angle of illumination as the primary measurement
chamber. Although the embodiment of  Fig. 9 shows the light detector and
correct-for-drift feature both comprising fiber optic  cables, other types
of light detector components as are known in the art may be used. 10 Fig.
10 shows an integrated view of one embodiment of the system of the present
invention. The embodiment of Fig. 10 includes light box 20, measurement
instrument  500, diode-array spectrophotometer 600, data processor 700 and
monitor 800. Fig. 10  shows a particular embodiment of the system of the
invention where the entire  measurement instrument 500 of Fig. 5 is mounted
on a microscope mount 630, having a 15 mounting platform 635. The
microscope mount may be used for height and distance  adjustment of the
measurement instrument with respect to the light source. The  microscope
mount may also control movement of the light detector comprising fiber
optic  30 relative to the measuring chamber which is separately positioned
in the light box. See  e.g. Fig. 2. According to the embodiment of Fig. 10,
the output of a light detector 20 comprising fiber optic cable 30 is
provided to an optical measurement device 600,  preferably a
spectrophotometer. Although, as shown in this embodiment, the light
detector comprises a diode-array which is physically part of the optical
measurement  device, namely a diode-array spectrophotometer, the
diode-array may alternately form part  



of the light detector housing along with the fiber optic cable.
Alternately, the light 25 detector may comprise a spectrophotometer with a
collimator lens which detects light  directly rather than through a fiber
optic cable. According to the embodiment shown in Fig. 10, the optical
measurement device  600 provides measurement data to the optical analyzer,
data processor 700, which in turn  compares the measurement data against
historical precedent and/or converts the 30 measurement data into standard
CIE color space. The data processor 700 may also assign  the gemstone a
color grade that accords with historical precedent or simply identify the
gemstone. The results of the data processor's analysis may be optionally
displayed on  monitor 800, printed out on a printer or electronically
stored. The measurement data itself  may be graphically displayed in
addition to, or in place of, the gemstone color assessment. 35 According to
a preferred embodiment, shown in Fig. 11, height adjustment, angle
adjustment, and distance adjustment for the light detector relative to the
surface for  accommodating the gem is achieved through a positioning
assembly 900 which is WO 01/61316 PCT/US01/03869  15 mounted on base 140.
Fig. 11 shows an integrated measurement instrument in which fiber  optic
cable 30 is secured to positioning assembly 900 by virtue of angle adjust
910. As  shown in Fig. 11, angle adjust 910 is rotationally connected to
the distance adjust 930  which in turn is moveable through the body 940 of
positioning assembly 900 to facilitate 5 adjustment of the distance of the
light detector to the surface for accommodating the gem.  Height adjust 920
likewise permits vertical movement of the body 940 to facilitate light
detector height adjustment. In this manner the invention provides for a
compact, fully  adjustable, integrated measurement instrument which may be
readily deployed in daylight- approximating illumination. Alternately, the
light detector may be permanently fixed on 10 the integrated measurement
device at a proper angle, height and distance relative to the  surface
accommodating the gemstone. In a preferred embodiment, the light source
itself  forms a part of an integrated unit with the measurement instrument
to make a self- contained illumination and measurement device. The
integrated illumination and  measurement device may also be of reduced size
so as to be rendered portable. 15 Fig. 12 shows a preferred embodiment of
the invention where the measurement  instrument of Fig. 11 is placed in
light box 20. As shown in the embodiment of Fig. 12,  cylinder 150 extends
from the floor of light box housing 20 and rotates rotor platform 50  (not
shown) by virtue of rotor 70 deployed underneath the floor of light box
housing 20.  Base 140 of the measurement instrument has a circular opening
which enables the 



20 measurement instrument to be securely placed over cylinder 150.
Alternatively, in a non- rotating embodiment, the entire measurement
instrument, including the platform, is freely  placed within in light box
20. As above, the illumination source and measurement  instrument may
comprise an integrated unit. Turning to exemplary methods of the invention,
according to a preferred method, a  25 diamond 40 is placed, table-down, on
the rotor platform 50, illuminated with a daylight- approximating light
source and rotated through three-hundred and sixty degrees, at a fixed
speed, while light is detected by a light detector through an opening in
the measurement  chamber 110. The light detector transmits the illumination
response of the gemstone to an  optical measurement device 600 which in
turn provides measurement data to a data 30 processor 700. The data
processor provides a final color assessment by averaging  measurements
taken during a three-hundred and sixty degree rotation of the gemstone.
This rotational aspect of the invention improves repeatability of the
result, particularly for  poorly out diamonds. According to one aspect of
the invention, the processor may average each  35 measurement giving each
one equal weight or, alternately provide a weighted average.  For example,
the processor can provide a weighted average corresponding to the visual
analysis positions used for visual analysis of fancy-shaped diamonds. For
all gems, the WO 01/61316 PCT/US01/03869  16 processor may then convert the
data to CIE color space and/or compare the data to  historical precedent.
Although measurements over the course of multiple rotations are
contemplated by this method, to improve accuracy and reduce mechanical
stress on the  system, a minimal number of rotations of the gem stone are
preferred and a single rotation  5 is most preferred. As far as materials
are concerned, the diffuser of the present invention is preferably  made of
a thin PTFE sheet (approximately .4 millimeters thick) or other suitable
equivalent material capable of reducing hindering effect of direct light
reflections and  dispersion. The material preferably has minimal absorption
in the visible and near visible 10 UV spectrum. Likewise, the measurement
chamber and the rotor platform are preferably  made of a diffuse, white
reflectance material such as PTFE, although barium sulphate or
Spectralon(r) may be used to the extent they have minimal specific
absorption in the  visible and near visible UV spectrum. The rotor of the
invention preferably comprises a  reliable mechanism for rotating the gem
through three-hundred and sixty degrees, and 15 most preferably comprises a
continuous duty motor, such as a synchronic 3 Watt AC  



continuous duty motor. In accordance with one object of the invention, in a
preferred embodiment, the  invention uses a high frequency ballast in
combination with daylight-approximating  fluorescent lamps in order to
provide greater stability of light intensity and color 20 distribution and
improve the reliability of the measurement data. In a most preferred
embodiment, the high frequency ballast has a frequency of approximately
30,000 and  70,000 Hz, and most preferably a frequency of approximately
35,000 Hz. As disclosed herein, the invention has several advantages over
prior systems,  apparatuses and methods. First, because the light detection
mechanism of the system  25 approximates visual color analysis methodology
used for gemstones, the invention comes closer to achieving visual color
analysis results. Moreover, because the system of the  present invention
makes use of daylight-approximating light, the system achieves results
more closely correlated with visual color analysis. Likewise, because the
optical  measurement device may make multiple measurements for a single
rotation of the gem, 30 for example using a fast spectrophotometric
measurement device, the instrument results in  extremely fast and
reproducible color analysis. Finally, certain features of the invention,
such as the diffuser, overcome substantial difficulties associated with
approximating visual  gem analysis methodology. The inventions and concepts
previously described may also be employed with  35 modification to the
analysis of fancy-colored diamonds and other colored gemstones. In a  novel
system employing these concepts to analyze fancy-colored diamonds and other
colored gemstones, the detector of the invention preferably detects light
coming from the WO 01/61316 PCT/US01/03869  17 crownside of the gemstone at
a specific angle of between approximately 60 and 85 degrees  relative to
the gemstone's table. However, according to a preferred embodiment, the
detector may detect light coming out of the fancy-colored diamond or
colored gemstone at  more than one angle, either sequentially or
simultaneously, but within a specific angle 5 range, preferably between
approximately 60 and 85 degrees relative to the gemstone's  table. The
detection of a plurality of angles within a specific angle range may be
accomplished by moving the detector during detection, using multiple
detectors, using a  wide angle detector and/or tilting the platform or
other gem-accommodation surface  during detection. If the detection of a
plurality of angles within a specific angle range 10 occurs sequentially,
for a rotating gemstone the sequential change in angle preferably  occurs
after a complete rotation. According to this embodiment, in the case of the



simultaneous detection, for a rotating gemstone the detector or detectors
preferably detect  a plurality of angles within the specific angle range
within the course of a single rotation.  The system further comprises a
daylight-equivalent light source which illuminates the  15 crown side of
the gem in a diffused way. While particular systems, instruments and
methods have been described for  measuring and analyzing the color of a
gemstone, it will be apparent to those of ordinary  skill in the art that
other embodiments and alternative steps are possible without departing
from the spirit and scope of the invention. For example, gemstones are
often visually 20 analyzed as to their fluorescence. The systems,
instruments and methods may be novelly  used to analyze the fluorescence
color and fluorescence intensity of a diamond or other  gemstone by using
an ultraviolet light source rather than a daylight-approximating source
and a detector capable of detecting fluorescence. It will be further
apparent that certain  features of each embodiment disclosed herein can
also be used in combination with 25 systems and instruments illustrated in
other embodiments. Accordingly, the above  description should be construed
as illustrative, and not in a limiting sense, and the scope of  the
invention is defined by the following claims. WO 01/61316 PCT/US01/03869
18  Claims 1. A diamond color measurement apparatus comprising:  a surface
for accommodating a diamond; a light detector positioned to detect light
coming out at a specific angle  5 from the pavilion facets of a table-down
diamond, when such a diamond is accommodated  by said surface; and an
optical measurement device capable of measuring light detected by said
light detector. 2. A diamond color measurement apparatus comprising:  10 a
surface for accommodating a diamond; a light detector positioned to detect
light coming out at a specific angle  from the pavilion facets of a
table-down diamond, when such a diamond is accommodated  by said surface; a
diffuser; and 15 an optical measurement device capable of measuring light
detected by said  light detector. 3. A diamond color measurement apparatus
comprising:  



a surface for accommodating a diamond; a light detector positioned to
detect light coming directly from the pavilion  20 facets of a table-down
diamond, when such a diamond is accommodated by said surface;  and an
optical measurement device capable of measuring light detected by said
light detector. 4. The diamond color measurement apparatus of claim 1, 2 or
3 wherein said  25 light detector is positioned so as to detect light
directly coming from the pavilion facets of  a table-down diamond at an
angle of between zero to approximately forty-five degrees  relative to the
table of a table down diamond, when such a diamond is accommodated by  said
surface. 5. A diamond color measurement apparatus comprising:  30 a surface
for accommodating a diamond; WO 01/61316 PCT/US01/03869  19 a light
detector positioned to detect light coming out at a specific angle  from
the pavilion facets of a table-down diamond, when such a diamond is
accommodated  by said surface; a diffuser positioned outside the path of
detection of said light detector; and  5 an optical measurement device
capable of measuring light detected by said  light detector. 6. The diamond
color measurement apparatus of claim 1, 2 or 3 wherein said  surface
comprises a platform. 7. The diamond color measurement apparatus of claim
1, 2 or 3 wherein said  10 surface comprises a rotor platform. 8. The
diamond color measurement apparatus of claim 1, 2 or 3 wherein said
surface comprises a rotor platform capable of rotating three-hundred and
sixty degrees. 9. The diamond color measurement apparatus of claim 1, 2 or
3 further  comprising a measurement chamber which at least partially
envelops a diamond when  15 such a diamond is accommodated by said surface.
10. The diamond color measurement apparatus of claim 1, 2 or 3 wherein said
surface comprises a rotor platform and a rotor which may be set to permit
measurement by  said optical measurement device during one full rotation.
11. The diamond color measurement apparatus of claim 4 wherein said
diffuser  20 at least partially prevents light from directly illuminating a
diamond when such a diamond  



is accommodated by said surface. 12. The diamond color measurement
apparatus of claim 1, 2 or 3 wherein said  surface is a white reference for
purposes of calibration. 13. The diamond color measurement apparatus of
claim 1, 2 or 3 wherein said  25 light detector is directed at a horizontal
mid-point of a diamond when such a diamond is  accommodated by said
surface. WO 01/61316 PCT/US01/03869  20 14. The diamond color measurement
apparatus of claim 2 wherein said diffuser  is a light transmitting
diffuser. 15. The diamond color measurement apparatus of claim 5 wherein
said diffuser  is a light transmitting diffuser. 5 16. The diamond color
measurement apparatus of claims 1, 2 or 3 wherein said  light detector
further comprises a collimator. 17. A system for diamond color measurement
comprising:  a surface for accommodating a diamond; a
daylight-approximating illumination source capable of illuminating a  10
diamond when such a diamond is accommodated by said surface; a light
detector positioned to detect light coming out at a specific angle  from
the pavilion facets of a table-down diamond when such a diamond is
accommodated  by said surface; and an optical measurement device capable of
measuring light detected by said  15 light detector. 18. A system for
diamond color measurement comprising:  a surface for accommodating a
diamond; a daylight-approximating illumination source capable of
illuminating a  diamond accommodated by said surface; 20 a light detector
positioned to detect light coming out at a specific angle  from the
pavilion facets of a table-down diamond when such a diamond is accommodated
by said surface; a diffuser; and an optical measurement device capable of
measuring light detected by said  25 light detector. 19. A system for
diamond color measurement comprising:  a surface for accommodating a
diamond; 



a daylight approximating illumination source capable of illuminating a
diamond accommodated by said surface; WO 01/61316 PCT/US01/03869  21 a
light detector positioned to detect light coming directly from the pavilion
facets of a table-down diamond, when such a diamond is accommodated by said
surface;  and an optical measurement device capable of measuring light
detected by said  5 light detector. 20. The system for diamond color
measurement of claims 17, 18 or 19 further  comprising an optical analysis
capable of processing measurements measured by said  optical measurement
device. 21. The system for diamond color measurement of claims 17, 18 or 19
wherein  10 said surface comprises a rotor platform. 22. The system for
diamond color measurement of claims 17, 18 or 19 wherein  said light
detector is positioned so as to detect light coming directly from the
pavilion  facets of a table-down diamond at an angle of between zero and
approximately forty-five  degrees relative to the table of a table-down
diamond when such a diamond is  15 accommodated by said surface. 23. A
system for diamond color measurement comprising:  a surface for
accommodating a diamond; a daylight-approximating illumination source
capable of illuminating a  diamond accommodated by said platform; 20 a
light detector positioned to detect light coming out at a specific angle
from the pavilion facets of a table-down diamond when such a diamond is
accommodated  by said platform; a diffuser positioned between said
illumination source and said platform;  and 25 an optical measurement
device capable of measuring light detected by said  light detector. 24. The
system of diamond color analysis of claim 17, 18 or 19 wherein said  light
detector is rotatable about said surface. 25. A system for gem color
measurement comprising: WO 01/61316 PCT/US01/03869  22 



a surface for accommodating a colored gem; a daylight-approximating
illumination source capable of illuminating a  colored gem when such a gem
is accommodated by said surface; a light detector positioned to detect
light coming out at a specific angle  5 from the crown facets of a colored
gem when such a gem is accommodated in the table-up  position by said
surface; a diffuser positioned between said illumination source and said
surface; and  an optical measurement device capable of measuring light
detected by said  light detector. 10 26. A system for gem fluorescence
measurement comprising:  a surface for accommodating a gem; an ultra-violet
light source capable of illuminating a gem accommodated by  said surface; a
fluorescent light detector positioned to detect fluorescent light coming
out  15 at a specific angle from the crown facets of a colored gem when
such a gem is  accommodated in the table-up position by said surface; a
diffuser positioned between said ultra-violet light source and said
surface;  an optical measurement device capable of measuring light detected
by said  light detector. 20 27. The diamond color measurement instrument of
claim 3 further comprising  a diffuser. 28. A method of analyzing the color
of a non-fancy-colored diamond  comprising the steps of: illuminating a
table-down diamond in a diffuse way; 25 detecting the light coming out at a
specific angle from the pavilion facets of  the diamond; measuring the
detected light with an optical measurement device;  analyzing the
measurements with an optical analysis mechanism. 29. The method of
analyzing the color of a non-fancy-colored diamond of  30 claim 28 WO
01/61316 PCT/US01/03869  23 wherein said step of detecting comprises
detecting light coming out of the  pavilion facets of the diamond at an
angle of between zero and approximately forty-five  degrees relative to the
table of the diamond. 



30. The method of analyzing the color of a non-fancy-colored diamond of  5
claim 28 further comprising the step of rotating said table-down diamond
during said  detecting step. 31. The method of analyzing the color of a
non-fancy-colored diamond of  claim 28 further comprising the step of
rotating said table-down diamond a total of three- hundred and sixty
degrees during said detecting step. 10 32. The method of analyzing the
color of a non-fancy colored diamond of  claim 28 wherein said step of
illuminating comprises illuminating with a daylight- approximating light.
33. The method of analyzing the color of a non-fancy-colored diamond of
claim 28 further comprising the step of placing the diamond, table-down, on
a platform. 15 34. The method of analyzing the color of a non-fancy-colored
diamond of  claim 30 further comprising the step of placing the diamond on
a platform enclosed. 35. The method of analyzing the color of
non-fancy-colored diamond of claim  28 further comprising detecting light
coming out at a second specific angle from the  pavilion facets of the
diamond. 20 36. The method of claim 35 wherein said step of detecting light
coming out at a  second specific angle occurs simultaneously with respect
to said step of detecting light  coming out at the first specific angle.
37. A method of analyzing the color of a non-fancy-colored diamond
comprising the steps of: 25 illuminating a table-down diamond in a diffuse
way; detecting a plurality of angles within a specific angle range from the
pavilion facets of a diamond. WO 01/61316 PCT/US01/03869  24 measuring the
detected light with an optical measurement device;  analyzing the
measurements with an optical analysis mechanism. 


