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(54) COLOUR GRADING PROCESS AND SYSTEM FOR DIAMONDS

(57) A computerized system for grading the colour
of a diamond, wherein the colour of the diamond is graded
based on a predetermined threshold of correlation of col-
our of a diamond with the colour of a diamond of a plurality
of diamonds each having a colour grading assigned
thereto, the computerized system including: an optical
image acquisition device for acquiring at least a first op-
tical image of a diamond, wherein the first optical image
is acquired at a predetermined angle of inclination to the
central axis extending normal to the table and through
the apex of the pavilion of the diamond and in a direction
of towards the table and wherein the first optical image
is acquired in an environment having a predetermined
constant light level; a processor module for comparing
data derived from acquisition of the at least a first optical
image with a plurality of data sets each of which corre-
sponds to a diamond of a plurality of diamonds, wherein
data sets are each derived from an optical image ac-
quired by an optical image acquisition device in an envi-
ronment having a predetermined constant light the same
as that as (i) and each of the data sets is assigned a
colour grading, and wherein said data derived from ac-
quisition of the at least a first optical image and the data
of said data sets is data indicative of the colour of the
diamond from which it is acquired; and an output module,
for responsive to a predetermined threshold of correlation
between the data derived from input of the first optical
image and one of the plurality of data sets, providing an
output signal indicative of the colour grade of the dia-
mond.
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Description

Technical Field

[0001] The present invention relates to a system and a process for ascertaining colour of a gemstone. More particularly,
the present invention provides a system and a process for ascertaining colour of a diamond.

Background of the Invention

[0002] Diamonds are a key component utilized in luxury goods, in particular in articles of jewellery, and can have a
very great value. The value of a diamond depends on several physical properties of the diamond.
[0003] There are four globally accepted standards utilized to assess the quality of a diamond, typically known as the
4C’s, which are Clarity, Colour, Cut and Carat Weight.
[0004] For a diamond, with the exception colour of a diamond which may have a particular or fancy colour, the value
of a diamond is highly dependent on what is known as its colourlessness. The more colourless the diamond, the higher.
[0005] By way of example, the Gemological Institute of America (GIA) has a colour grade from D to Z, for which the
D grade denotes a diamond which is completely colourless, and ranging to a Z grade which denotes a diamond having
a significant amount of unwanted colour.
[0006] Shown below is the Gemological Institute of America (GIA) colour scale, against which a colour grading is
applied, with the grades shown from colourless to light.

[0007] Although the human visual recognition of a different diamond colour is not particularly sensitive in particular in
relation to diamonds of similar grades, only a slightly change in colour can significantly affect the value of the diamond.
[0008] Several factors contribute to the colour of a diamond, the most common and important factor being impurities
within a diamond. During the formation process of diamonds, impurities can be easily incorporated. Nitrogen is the most
common impurity found in natural diamonds, which produces an unwanted yellow colour. The higher nitrogen content
in a diamond, the deeper colour and hence lower colour grade the stone is. Boron can also affect diamond colour of a
diamond, but is less common. Diamonds with boron impurity shows light blue colour. There are other impurities also
affect diamond colour but they are rare.
[0009] Apart from impurities, vacancy defects within a diamond also contribute to colour of a diamond. There are
different forms of vacancies, such as isolated vacancy, multivacancy complex, and vacancy combining with impurities, etc.
[0010] In some diamonds, due to the ambient pressure conditions during the formation process deep in the earth, the
carbon atoms may not form ideal tetrahedral structures, and the tetrahedral structures may be deformed. Such crystal
deformation remains in natural diamond can also cause colour changes. For the assessment on the colour of a diamond,
the most accepted industry standard and practice to determine a diamond’s colour is by trained human eyes.
[0011] Using GIA as an example, colour grading personnel are trained for several months utilising standard master
stones from a master stone set with assorted colour grades. Moreover, during the colour grading process, a diamond
under assessment is compared with the master stones side by side in a controlled environment.
[0012] The controlled environment is a standard light box with a white tile to place behind the master stones and testing
diamond as a backdrop. Under this standardized environment, the colour of a diamond can be graded by referring it to
the master stone with the nearest colour.
[0013] A diamond is typically viewed from below at about 45 degrees to the pavilion, with a colour grader looking
primarily at the pavilion of the diamond and in a direction towards the table of the diamond.
[0014] Repetitive training of colour graders is applied, with a view so that different graders can reproduce the same
assessment results, with a view to providing uniformity and consistency between colour grading personnel. Although
such a colour grading process is extensively used and under this strict colour grading procedures, the reliability and
repeatability of the colour grading methodology are still prone to inconsistencies, and such inconsistencies can cause
incorrect grading which can adversely impact upon the value of a diamond.
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Object of the Invention

[0015] It is an object of the present invention to provide a system and a process for ascertaining colour of a gemstone,
in particular a diamond, which overcomes or at least partly ameliorates at least some deficiencies as associated with
the prior art.

Summary of the Invention

[0016] In a first aspect, the present invention provides a process operable using a computerized system for grading
the colour of a diamond, wherein the colour of the diamond is correlated with the colour of a diamond of a plurality of
diamonds each having a colour grading assigned thereto, the computerized system including an optical image acquisition
device, a processor module and an output module operably interconnected together, said process including the steps of:

(i) acquiring via an optical image acquisition device at least a first optical image of the table of a diamond, wherein
the first optical image is acquired at a predetermined angle of with respect to the central axis extending normal to
the table and through the apex of the pavilion of the diamond and in a direction of towards the table and wherein
the first optical image is acquired in an environment having a predetermined constant light level;

(ii) in a processor module comparing data derived from acquisition of the at least a first optical image with a plurality
of data sets each of which corresponds to a diamond of a plurality of diamonds, wherein data sets are each derived
from an optical image of the table of the plurality of diamonds acquired by an optical image acquisition device in an
environment having a predetermined constant light the same as that as (i) and each of the data sets is assigned a
colour grading, and wherein said data derived from acquisition of the at least a first optical image and the data of
said data sets is data indicative of the colour of the diamond from which it is acquired; and

(iii) from an output module, responsive to a predetermined threshold of correlation between the data derived from
input of the first optical image and one of the plurality of data sets from step (ii), an output signal is provided indicative
of the colour grade of the diamond.

[0017] Preferably, the first optical image is acquired at an angle in the range of from zero degrees to 90 degrees with
respect to said central axis.
[0018] The plurality of first optical images may be acquired at varying angles with respect to said central axis, and the
colour of the table of the diamond is determined by as a function of the plurality first optical images.
[0019] Each of the data sets may each derived from a plurality of optical images of the diamond of a plurality of
diamonds. The optical images of the table of a plurality of diamonds are preferably acquired at an angle in the range of
from zero degrees to 90 degrees with respect to said central axis. The plurality of optical images of each of the plurality
of diamonds may be acquired at varying angles with respect to said central axis, and wherein the colour of each of the
plurality diamonds is determined as a function of the plurality of optical images of each diamond of the plurality of diamonds.
[0020] Preferably, the process further comprises the step of acquiring at least one second optical image of the diamond,
wherein the at least one second optical images is acquired at predetermined angle of with respect to the central axis,
and wherein the at least one second optical image is an image of the pavilion of the diamond.
[0021] The output signal indicative of the colour may be provided upon said predetermined threshold of correlation
between the data derived from input of the at lease optical image and one of said plurality of data sets; and is provided
upon a predetermined threshold of correlation between the data derived from input of the at least one second optical
image with a plurality of data sets each of which corresponds to the diamonds of said plurality of diamonds, wherein
data sets are each derived from an optical image of the pavilion of the plurality of diamonds acquired by an optical image
acquisition device in an environment having a predetermined constant light the same as that as when the at least one
second optical image is acquired.
[0022] The at least a first optical image of the diamond may be divided two or more sub-regions by the processor, and
the average colour of each sub-region is determined and a colour grading is assigned to each sub-region, and a final
colour grading of the diamond is determined based on a weighting between the colour grading of the two or more sub-
regions. The first sub-region and the second sub-regions may be of approximately the same size.
[0023] Preferably, data derived from acquisition of the at least a first optical image and the data of said data sets is
RGB (Red, Green, Blue) data of the RGB colour model. The data derived from acquisition of the at least a first optical
image and the data of said data sets may be HSL (Hue, Saturation, Lightness) data.
[0024] The at least a second optical image of the diamond may be divided two or more sub-regions by the processor,
and the average colour of each sub-region is determined and a colour grading is assigned to each sub-region, and a
final colour grading of the diamond is determined based on a weighting between the colour grading of the two or more
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sub-regions. The first sub-region and the second sub-regions may be of approximately the same size.
[0025] Preferably data derived from acquisition of the at least a second optical image and the data of said data sets
is RGB (Red, Green, Blue) data of the RGB colour model. Data derived from acquisition of the at least a second optical
image and the data of said data sets is HSL (Hue, Saturation, Lightness) data.
[0026] Preferably the at least one second optical image and the optical images of the plurality of diamonds are acquired
at an angle of inclination in the range of from 30 degrees to 60 degrees with respect to the central axis. The at least one
second optical image and the optical images of the plurality of diamonds may be acquired at an angle of inclination in
the range of from 40 degrees to 50 degrees with respect to the central axis. The at least one second optical image and
the optical images of the plurality of diamonds are acquired at an angle of inclination of about 45 degrees with respect
to the central axis.
[0027] Preferably, the at least a first optical image and the optical images of the plurality of diamonds are acquired
within a system of a pair of integrating spheres.
[0028] Preferably, a light source providing said predetermined light level is selected from the group including an LED
(Light Emitting Diode) light source, a Xeon lamp light source, and incandescent light source, and fluorescent lamp light
source, a solar simulator or the like.
[0029] Preferably, the plurality of diamonds are standard reference diamonds of a master set, corresponding to a pre-
existing colour grading system. The pre-existing colour grading system may be the Gemological Institute of America
(GIA) colour grading system.
[0030] A plurality of optical images of the diamond may be acquired annularly about said central axis, and the colour
grading may be determined from an average of the colour grading determined for each optical image acquired. The
plurality of optical images may be acquired and equal annular intervals about said central axis.
[0031] In a second aspect, the present invention provides a computerized system for grading the colour of a diamond,
wherein the colour of the diamond is graded based on a predetermined threshold of correlation of colour of a diamond
with the colour of a diamond of a plurality of diamonds each having a colour grading assigned thereto, the computerized
system including:

an optical image acquisition device for acquiring at least a first optical image of a diamond, wherein the first optical
image of the table of the diamond is acquired at a predetermined angle of inclination to the central axis extending
normal to the table and through the apex of the pavilion of the diamond and in a direction of towards the table and
wherein the first optical image is acquired in an environment having a predetermined constant light level;

a processor module for comparing data derived from acquisition of the at least a first optical image with a plurality
of data sets each of which corresponds to a diamond of a plurality of diamonds, wherein data sets are each derived
of the table of the plurality of diamonds from an optical image acquired by an optical image acquisition device in an
environment having a predetermined constant light the same as that as the first optical image is acquired and each
of the data sets is assigned a colour grading, and wherein said data derived from acquisition of the at least a first
optical image and the data of said data sets is data indicative of the colour of the diamond from which it is acquired; and

an output module, for responsive to a predetermined threshold of correlation between the data derived from input
of the first optical image and one of the plurality of data sets, providing an output signal indicative of the colour grade
of the diamond.

[0032] The processor module may include a data store, said data store including said plurality of data sets for the
plurality of diamonds.
[0033] The processor module may be located at a location remote to the optical image acquisition device and the
output module, and is in communication with the optical image acquisition device and the output module by way of a
telecommunications network.
[0034] The optical image acquisition device may be inclined at an angle in the range of from zero degrees to 90 degrees
with respect to the central axis.
[0035] The computerized system may further comprise a second optical image acquisition device for acquiring at least
a second optical image, wherein the second optical image is an optical image of the pavilion of the diamond. The
processor module may be for further comparing data derived from acquisition of the at least a second optical image with
a plurality of data sets each of which corresponds to said diamond of a plurality of diamonds, wherein data sets are each
derived of the pavilion of the plurality of diamonds from the second optical image acquired by the second optical image
acquisition device in an environment having a predetermined constant light the same as that as the first optical image
is acquired; and the output module, for responsive to a predetermined threshold of correlation between the data derived
from input of the first optical image and one of the plurality of data sets and a predetermined threshold of correlation
between the second optical image and then plurality of datasets, providing the output signal indicative of the colour
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grade of the diamond.
[0036] The second optical image acquisition device may be inclined at an angle in the range of from 40 degrees to
50 degrees with respect to the central axis, and more preferably inclined at an angle of about 45 degrees with respect
to the central axis. The second optical image acquisition device is located at a distance of in the range of 100mm and
300mm from the diamond. The second optical image acquisition device may be located at a distance of about 200mm
from the diamond.
[0037] The computerized system may further comprise at least one light source for providing said predetermined
constant light level is of colour temperature 6500K. The light source may be selected from the group including an LED
(Light Emitting Diode) light source, a Xeon lamp light source, and incandescent light source, and fluorescent lamp light
source, a solar simulator or the like.
[0038] The computerized system preferably further comprises system of a pair integrating spheres, in which the
diamond is located when the image of the diamond is acquired, and wherein the diamond is located at an aperture
interconnecting each sphere of the integrating sphere system.
[0039] Preferably, a light source is provided in each of the spheres.
[0040] The computerized system may further comprise a rotational platform rotatable about said central axis and within
the system of integrating spheres, wherein the rotational platform provides for rotation of the diamond about the central
axis such that a plurality of optical images of the diamonds can be acquired by the optical image acquisition devices.
[0041] Preferably, the optical image acquisition device is a digital camera.

Brief Description of the Drawings

[0042] In order that a more precise understanding of the above-recited invention can be obtained, a more particular
description of the invention briefly described above will be rendered by reference to specific embodiments thereof that
are illustrated in the appended drawings. The drawings presented herein may not be drawn to scale and any reference
to dimensions in the drawings or the following description is specific to the embodiments disclosed.

Figure 1 shows a schematic represent of a first embodiment of a system according to the present invention;

Figure 2 shows a flow chart of the process according to the present invention;

Figure 3 shows a schematic representation of an embodiment of a system in accordance with the present invention;

Figures 4a and 4b show photographic representation of a diamond as an acquired optical image in accordance with
the present invention;

Figure 5 shows a flow chart of an embodiment of a process according to the present invention; and

Figure 6a and Figure 6b show a comparison between viewing angle with respect to pavilion facets with diamonds
of difference cuts.

Detailed Description of the Drawings

[0043] The present inventors have identified shortcomings in the manner in which colour grading of diamonds is
performed, and upon identification of the problems with the prior art, have provided a system and process which over-
comes the problems of the prior art, and provides a system and process for colour grading of gemstones, in particularly
diamonds, which is more consistent and reliable.
[0044] Problems identified by the present inventors include as follows:

(i) Intrinsic Factors - Reference Master Stones

[0045] For the standard reference of colour grades, the master stones are required to be with very high accuracy and
repeatability among different sets. As it is very difficult to select master stones from natural diamonds in large amounts
matching the standard colours and other physical requirements, the master stones can be real or alternatively synthetic
diamonds, zirconia or other materials considered appropriate. Regardless of the material which the master stones are
formed from, they must be of the same size and of the same cut within the same set.
[0046] However, as diamonds requiring colour grading inherently have different sizes, in order for.an appropriate
comparison to be made by a diamond grader, a master stone set with similar sizes to the diamond being assessed
should be used so as to reduce optical comparison error.
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[0047] Inherently, it is very expensive and commercially impractical to have sets of master stones covering a range
so as to cover all sizes of diamonds for assessment.
[0048] Further and more importantly, each master stone of a grading set must be homogenously saturated with the
specific standard colour in order that a best comparison may be made between a stone to be graded and the reference
stone of the grading set.
[0049] The accuracy and usability of master stones are not only applicable to different sets of master stones, but also
the same sets of master stones at different points in time when assessment is made. As such, the colour of the master
stones must be permanent and without any changes over time, otherwise it is necessary to provide useable lifetimes to
the master stones.
[0050] After the expiration of the usable or serviceable lifespan of a master stone, there is no guarantee that the colour
will remain stable, and consequently no guarantee as to the accuracy and repeatability of colour grading assessment.
[0051] All of the above-mentioned issues affect accuracy and repeatability in colour grading, and give rise to high
technical difficulties and hence high production cost of preparation of master stone sets for colour grading.

(ii) Extrinsic Factors - Environmental Issues

[0052] Even with the most reliable master stones and within the guaranteed lifetime such that variance due to intrinsic
factors is minimised, inherently the reliability and repeatability due to colour grading and assessment being done using
human eyes, this will still pose an issue to the correct colour grading of a diamond.
[0053] Colour perception is a common psychological effect on human colour vision. Any differences or variations in
the background colour and the lighting conditions, can contribute to errors being induced in colour grading of gemstones.
As such, environmental parameters may also have a significant effect on colour grading.

(iii) Extrinsic Factors - Human Error Inconsistency and Perception

[0054] Due to the physiological effect of human being’s vision, tiredness and different judgements on the same diamond
may also be made before and after assessments on many different stones, even by the same colour grader person.
[0055] As such, assessment of colour of the same diamond by the same person at a different time, may result in
different assessment and produce colour grade deviation.
[0056] Even with strictly controlled environment and a well-rested person, the physical properties of a diamond can
also affect the colour grading. The cut of a diamond can introduce physical effect on colour judgement and assessment.
[0057] The very high refractive index of diamonds causes total internal reflection and dispersion of light, which can
also affect accurate colour grading by a person. The cut varies between different diamonds so there are no corresponding
master stones for every diamond cut for fair comparison.
[0058] Therefore, under standardized training and assessment procedures, professional colour graders still face dif-
ficulty for the reliability and repeatability because of the psychological, physiological, and physical effects.

(iv) Consumer View Factors

[0059] For the consumer’s point of view, the pavilion view is not the most obvious part of the diamond, and not
representative of the view of a diamond typically observed by a consumer.
[0060] The most obvious part of a diamond is the table of the diamond, and not the pavilion facets as utilized typically
in colour assessment of diamonds in the art.
[0061] Moreover, for most articles of jewellery, diamonds are mounted with the tables facing outwardly, which typically
makes the pavilion facets not seen by people. Furthermore, pavilion facets are typically obscured by a setting such as
claws, prongs and bezels.
[0062] As such, colour grading from the pavilion view as used in the prior art does not truly reflect the true perceptual
colour seen by consumers of a diamond when mounted and observed as is intended with an article of jewellery.

(v) Physical Factors

[0063] There exist other physical factors affecting diamond colour grading from the pavilion view of the prior art, leading
to an insufficient colour grading process.
[0064] One such factor is that the light directly from the white light source is reflected by the pavilion facets outside
the diamond. This reflected light can affect the accuracy of colour grading as the facets reflecting the light appears paler
in colour.
[0065] Furthermore, when viewing pavilion facets, multiple facets are typically seen which are at different angles to
each other, causing different impressions of colour during optical assessment.
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[0066] Still further, a pavilion facet is quite elongate and has a high aspect ratio, which compromises colour perception
from optical viewing and the impression of colour.
[0067] Another factor concerning the colour grading is the diamond cut. For round brilliant cut diamond for example,
there are certain ratios between the crown height, pavilion depth, crown angle, pavilion angle, girdle thickness, and the
like, for an excellent cut diamond. When comparing one diamond with another, the concern is lessened if the diamonds
graded are all excellent and same cut. However, there exist diamonds with cut deviating from nominal ratios, the angle
with respect to the pavilion surface maybe different as shown in Figures 6a and 6b below. Therefore, in view of the
pavilion of the diamond being viewed at a different angle, such diamonds can have different colour appearance.
[0068] Furthermore, a similar variation in colour effect is also present when using such a pavilion-oriented colour
assessment process of the prior art, for diamonds having a cut other than the round brilliant cut.
[0069] Apart from round brilliant cut diamonds, diamonds can also be cut in different fashions, such as Princess, Oval,
Marquise, Pear shaped, Cushion, Emerald, Asscher, Radiant and Heart shaped cuts and the like. The light coming out
from pavilion at 45 degrees inherently is no longer representative in comparison with a master set having a different
pavilion angle. As such, the colour of such other diamonds is to be graded at different directions.

Present Invention

[0070] To provide a repeatable and reliable colour grading which also has greater and more appropriate correlation
to the consumer’s view of a diamond from at least an "in use" standpoint, the present invention provides a superior new
and innovative process for assessment and grading of colour of a diamond with respect to colour grading processes of
the prior art.
[0071] In order to overcome at least the above deficiencies of the prior art as identified by the present inventors, the
new and innovative process and system for embodying such a process utilises the of viewing of colour from the table
of the diamond.
[0072] Advantageously, as provided by embodiments of the present invention, the present inventors have found that
by utilising two interconnected integrating spheres to provide an environment in which images of the diamond, in particular
of the table, the sparkling effect of the diamond can be substantially obviated such that it is possible to acquire an
appropriate and useful optical image of the table of the diamond for colour assessment.
[0073] Furthermore and advantageously, the table facet is typically the largest facet of a diamond and most prominent
and generally has a low aspect ratio, thus providing a sound basis and region for the assessment of colour of a diamond,
in addition to being more appropriate than using pavilion facets from "in use" and consumer standpoints.
[0074] As will now be understood, the viewing arrangement and process of utilising the table of a diamond can provide
numerous advantages over the traditional colour grading methods of the prior art, and very importantly, seeing colour
from table can give the most accurate grading with respect to consumers’ perception of colour of a diamond. In view of
diamond colour grading having a large influence on the value of a diamond, the present invention provides substantial
commercial advantages.
[0075] Still further, as the colour of the diamond is viewed from the table, the light reflections such as those from
pavilion facets can be minimised. Accordingly, and as the colour can be ascertained from a single and large facet, this
gives less distraction for colour analysis and subsequent determination of a colour grading.
[0076] The table is typically universal in most diamonds and as such, use of a table for colour assessment as provided
by the present invention advantageously allows for colour assessment and grading of diamonds of different cuts and as
such, the present invention also provides for a universal colour assessment scheme amongst diamonds of different cuts.
[0077] Similarly, as for round brilliant cut, as the table is flat, there is no variation for different grades of cut in comparison
with utilisation of the pavilion facets, which is the predominant methodology globally for colour grading using the GIA
colour grading process. Accordingly, the present invention allows for greater independent colour grading irrespective of
the influence of cut of a diamond.
[0078] Also, unlike processes of the prior art, the present invention obviates the necessity to have multiple sets of
master stones for different size and different types of diamonds.
[0079] Furthermore, as different cuts of diamond inherently have a different pavilion angle, when using the colour
assessment and grading process of the prior art whereby the pavilion facets are viewed at 45 degrees to the axis
extending normal to the table of the diamond, the angle of inclination with respect to the plane of the pavilion facet varies
as a function of pavilion angle, which affects the colour representation of the diamond.
[0080] However, as provided by the present invention, as the planar table facet is utilized for colour assessment, for
a certain viewing angle with respect to the table in the table down orientation, the present invention it can reproduce the
colour viewing at 45from the pavilion view. A difference as provided by the present invention includes the improvement
of light reflection from the pavilion facets. Accordingly, a nexus between the traditional pavilion view colour grading
method of the prior art by the GIA process and table view colour grading method of the present invention can also be
provided, which may be utilised for comparative purposes or as a reference if required.
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[0081] The present invention is, in addition to applicable for colour determination and colour grading of white or clear
diamonds, advantageously is also applicable for colour determination and grading of fancy or coloured diamonds.
[0082] To overcome these repeatability and reliability difficulties, the present inventors have provided a system and
process to reliably, repeatedly and consistently grade the colour of a diamond, which obviate the above intrinsic and
extrinsic factors which affect the assessment when grading the colour of a diamond, as well as advantageously provides
a system and process which overcomes consumer view factors and provides a more useful colour assessment and
grading process than provided by the prior art.
[0083] Referring to Figure 1, there is shown a schematic represent of a first embodiment of a system 100 according
to the present invention. The system 100 includes at least one optical image acquisition device 110 in communication
112 with a processor module including processor 120, which is in communication 122, 132 with a data store 130. An
output device 140 is provided, which is in communication 124 with the processor 120.
[0084] The optical image acquisition device 110 is preferably a digital camera device of CCD, which allows for acqui-
sition of an optical image of the table of a diamond.
[0085] The system 100 may be provided as a single unit and with the integers of the system 100 being provided as
an integral device. Alternatively, the integers of the system 100 can be provided separately, and the processor 120 being
provided either in an adjacent location to, for example, a touch sensitive input device and visual display unit 140 or
provided at a remote location and in communication with the touch sensitive input device and visual display unit 140 by
way of a telecommunications network.
[0086] Further, the data store 130 may be located adjacent the processor 120 or located at a remote location and in
communication with the processor 120 by way of a telecommunications network.
[0087] Referring now to Figure 2, there is shown a flow chart 200 of the process according to the present invention.
[0088] The process of the present invention is operable using a computerized system such as those as shown and
described in reference to Figure 1.
[0089] The process and as implemented in a computerized system, provides for grading the colour of a diamond.
[0090] Within the process of the present invention, the colour grading is determined or displayed based upon a pre-
determined threshold of correlation between data derived from input of the first optical image of the table and a data set
corresponding to a diamond of a pre-assigned colour grading.
[0091] A computerized system in which the process is embodied, includes an optical image acquisition device, a
processor module and an output module.
[0092] The process includes the steps of:
First Step - The first step (210) includes acquiring an optical image of the table of a diamond for which the colour grading
thereof is to be determined. The optical image is acquired using an image acquisition device, such as a digital camera
or CCD at a predetermined angle of inclination to the central axis extending normal to the table and through the apex
of the pavilion of the diamond and in a direction of towards the table.
[0093] The optical image is acquired in an environment having a predetermined constant light level, such as within a
system of two communicating integrating spheres. Optionally, an optical image can also be acquired of the pavilion
facets of the diamond.
[0094] Second Step - The second step (220) includes comparing data derived from acquisition of optical image of the
table of a diamond with a plurality of data sets each of which corresponds to a diamond of a plurality of diamonds, each
of which has a colour grade assigned thereto.
[0095] The data sets are each derived from an optical image acquired by an optical image acquisition device in an
environment having a predetermined constant light the same as that as in the First Step. Each of the data sets is assigned
a colour grading which may be pre-assigned or assigned a value or grade. The data derived from acquisition of the
optical image and the data of the data sets is data indicative of the colour of the diamond from which it is acquired.
[0096] Third Step - The third step (230), when a predetermined threshold of correlation between the data derived from
input of the optical image of the table and one of the plurality of data sets from the Second Step, an output signal is
provided indicative of the colour grade of the diamond.
[0097] For comparative purposes, the diamonds of the plurality of data sets may be derived from a set of master stones
having an industrially accepted colour grade, such as from a set of GIA colour graded diamonds. Whilst the perceived
colour from the pavilion of the master stones may be different to the perceived colour of a view of the diamond from the
table depending upon the viewing angle with respect to the table and the geometry and dimensions of the diamond, a
colour determination can be made from an image of the table of the diamonds of the master stones and the predefined
colour grade assigned thereto.
[0098] Referring to Figure 3, there is shown a schematic representation of a system 300 in accordance with the present
invention. The system 300 includes two first optical image acquisition devices 310 and 310a in communication 312,
312a with a processor module including processor 320, which is in communication 322, 332 with a data store 330 which
holds the plurality of data sets for the plurality of diamonds. An output device 340 is provided, which is in communication
324 with the processor 320.
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[0099] The two first optical image acquisition devices 310 and 310a allow images of the table of diamond 315, which
has its table facing downwards, at 90 degrees by image acquisition device 310 and at an inclination by image acquisition
device 310a. As such, images at two angles to the table facet of the diamond 315 may be acquired. Alternatively, in
other embodiments, the angle of inclination of the diamond 315 may be varied by a way of a holder for the diamond 315
so as to alter the viewing acquisition angle. The system 300 includes a system of integrating spheres comprised of two
integrating spheres 350 and 350a in optical communication with each other at aperture region 316, in which the diamond
315 is located when the optical image is acquired.
[0100] The first optical image acquisition devices 310 and 310a are preferably digital camera devices, which allow for
acquisition of an optical image of a diamond 315 at 90 degrees by acquisition device 310, and at inclined at an angle
for example 45 degrees acquisition device 310a with respect to the central vertical axis of the diamond 315.
[0101] The optical image acquisition devices 310 and 310a are located at a distance of about 200mm from the diamond
315, or less, or more.
[0102] The system 300 includes two light source 318 and 318a, providing said predetermined constant light level
which is of colour temperature 6500K within each integrating sphere 350 and 350a. The light sources can be selected
from the group including an LED (Light Emitting Diode) light source, a Xeon lamp light source, and incandescent light
source, and fluorescent lamp light source, a solar simulator or the like, so as to provide a predetermined constant light
level within the spheres 350 and 350a of colour temperature 6500K.
[0103] The system 300 further includes a rotational platform 317 rotatable about said central axis of the diamond 315
and within the system of integrating spheres 350 and 350a, wherein the rotational platform 317 provides for rotation of
the diamond 315 about the central axis such that a plurality of optical images of the diamonds can be acquired by the
optical image acquisition devices 310 and 310a.
[0104] A second optical image acquisition device 310b a second optical image acquisition device is also provided for
acquiring at least a second optical image, wherein the second optical image is an optical image of the pavilion of the
diamond 315.
[0105] An output signal 312b indicative of the colour is provided upon a predetermined threshold of correlation between
the data derived from input of the at least first optical image and one of said plurality of data sets.
[0106] Upon a predetermined threshold of correlation between the data derived from input of the at least one second
optical image 312b with a plurality of data sets each of which corresponds to the diamonds of said plurality of diamonds,
wherein data sets are each derived from an optical image of the pavilion of the plurality of diamonds acquired by an
optical image acquisition device in an environment having a predetermined constant light the same as that as when the
at least one second optical image is acquired, an output signal indicative of the colour can be provided.
[0107] The first optical image of the table of the diamond can divided two or more sub-regions by the processor 320,
and the average colour of each sub-region can determined and a colour grading is assigned to each sub-region, and a
final colour grading of the diamond is determined based on a weighting between the colour grading of the two or more
sub-regions.
[0108] Further, an optical image of the pavilion of the diamond 315 may divided two or more sub-regions by the
processor 320, and the average colour of each sub-region is determined and a colour grading is assigned to each sub-
region, and a final colour grading of the diamond is determined based on a weighting between the colour grading of the
two or more sub-regions as shown in Figures 4a and 4b where there is shown a photographic representation of a diamond
400 as an acquired optical image. The optical image of the pavilion of the diamond 400 is divided two or more sub-
regions 410, 420 and the average colour of each sub-region 410, 420 is determined and a colour grading is assigned
to each sub-region. Then, a final colour grading of the diamond is determined based on a weighting between the colour
grading of the two or more sub-regions 410, 420. As shown in Figure 4b, the optical image of the diamond 400 is divided
into two sub-regions 410, 420, wherein the first sub-region 410 includes the crown region of the diamond and the second
sub-region 420 includes the pavilion of the diamond. In this embodiment, the first sub-region 410 and the second sub-
region 420 are of approximately the same size.
[0109] Similarly, the image of the table of the diamond may also be subdivided as described with reference to Figure
4a and 4b, and colour determined accordingly.
[0110] Data derived from acquisition of the optical image of the diamond 400 and the data of data sets may be RGB
(Red, Green, Blue) data of the RGB colour model. Preferably as in the present embodiment, derived from acquisition
of the at least a first optical image and the data of the reference data sets, is HSL (Hue, Saturation, Lightness) data.
[0111] The reference data of diamonds are standard reference diamonds of a master set, corresponding to a pre-
existing colour grading system, preferably the Gemological Institute of America (GIA) colour grading system for example.
[0112] Figure 5 shows a flow chart of an embodiment of a process 500 according to the present invention.
[0113] The process includes the steps of:

Step (i) 510 - capturing an image of the table of a diamond;
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Step (ii) 520 - conduct image analysis of captured image of the table from step (ii), and optionally analyses portions
of said image. Further, optionally an image of the pavilion of the diamond may also be acquired, for comparative
purposes and for reference with a standard data set;

Step (iii) 530 - calculate and determine colour of diamond, optionally by portions of the image, and provide HLS
space representation; and

Step (iv) 540 - determine the colour grade of the diamond be comparison with dataset of reference diamonds.

[0114] The process of the present invention, in a preferred embodiment, utilize a system of integrating spheres are
used to analyze the colours of diamonds that are developed.
[0115] Such a system and process, can provide a good alternative with high repeatability in comparison with the
systems ant\d processes of the prior art, as can also reduce the cost and time to produce master stone sets and train
a professional gemologist. It can also reduce the time to train a professional gemologist. Further, it can obviate the
necessity to have different sets of master stones for colour assessment of different sizes of diamonds.
[0116] Due to the visual nature of colour, the assessment on the colour a diamond needs to be done in a controlled
environment. The present invention ensures that the lighting conditions and the background for every diamond assessed
for colour are the same, obviating negative environmental effects.
[0117] Moreover, the controlled environment must be repeatable at different locations such that people at different
location can still have the same assessment on diamond colour.
[0118] A system of integrating spheres assists in playing this role as the light intensity, spectrum and uniformity can
be well controlled and repeated, and meet this requirement.
[0119] The cameras on the system of integrating spheres can solve the repeatability and reliability issues caused by
human vision and the need for time-changing master stones, as colour grading and assessment is made by a processor
using mathematical correlation criteria against the same "master stone" electronically acquired data, rather than human
eye assessment.
[0120] As described above, utilisation of the table of a diamond for colour determination and grading provides numerous
advantages over the prior art which utilizes the pavilion as the aspect for colour determination and grading.
[0121] As shown in Figure 6a and Figure 6b, when using a standard reference angle to the pavilion facets as is utilised
in the prior art, the angle of viewing with reference to the plane of the facets changes, affecting colour determination.
By contrast, the present invention provides a constant observation angle to the table for colour determination, which is
irrespective of diamond cut type.

Claims

1. A process operable using a computerized system for grading the colour of a diamond, wherein the colour of the
diamond is correlated with the colour of a diamond of a plurality of diamonds each having a colour grading assigned
thereto, the computerized system including an optical image acquisition device, a processor module and an output
module operably interconnected together, said process including the steps of:

(i) acquiring via an optical image acquisition device at least a first optical image of the table of a diamond,
wherein the first optical image is acquired at a predetermined angle of with respect to the central axis extending
normal to the table and through the apex of the pavilion of the diamond and in a direction of towards the table
and wherein the first optical image is acquired in an environment having a predetermined constant light level;
(ii) in a processor module comparing data derived from acquisition of the at least a first optical image with a
plurality of data sets each of which corresponds to a diamond of a plurality of diamonds, wherein data sets are
each derived from an optical image of the table of the plurality of diamonds acquired by an optical image
acquisition device in an environment having a predetermined constant light the same as that as (i) and each of
the data sets is assigned a colour grading, and wherein said data derived from acquisition of the at least a first
optical image and the data of said data sets are data indicative of the colour of the diamond from which it is
acquired; and
(iii) from an output module, responsive to a predetermined threshold of correlation between the data derived
from input of the first optical image and one of the plurality of data sets from step (ii), an output signal is provided
indicative of the colour grade of the diamond.

2. A process according to claim 1, wherein the first optical image is acquired at an angle in the range of from zero
degrees to 90 degrees with respect to said central axis.
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3. A process according to claim 2, wherein a plurality of first optical images are acquired at varying angles with respect
to said central axis, and the colour of the table of the diamond is determined as a function of the plurality first optical
images.

4. A process according to any one of the preceding claims, wherein each of the data sets are each derived from a
plurality of optical images of the diamond of a plurality of diamonds; and wherein the optical images of the table of
a plurality of diamonds are preferably acquired at an angle in the range of from zero degrees to 90 degrees with
respect to said central axis; and wherein a plurality of optical images of each of the plurality of diamonds may be
acquired at varying angles with respect to said central axis, and wherein the colour of each of the plurality diamonds
may be determined as a function of the plurality of optical images of each diamond of the plurality of diamonds.

5. A process according to any one of the preceding claims, further comprising the step of acquiring at least one second
optical image of the diamond, wherein the at least one second optical images is acquired at predetermined angle
of with respect to the central axis, wherein the at least one second optical image is an image of the pavilion of the
diamond, wherein the output signal indicative of the colour is provided upon said predetermined threshold of corre-
lation between the data derived from input of the at least first optical image and one of said plurality of data sets;
and is provided upon a predetermined threshold of correlation between the data derived from input of the at least
one second optical image with a plurality of data sets each of which corresponds to the diamonds of said plurality
of diamonds, wherein data sets are each derived from an optical image of the pavilion of the plurality of diamonds
acquired by an optical image acquisition device in an environment having a predetermined constant light the same
as that as when the at least one second optical image is acquired.

6. A process according to any one of the preceding claims, wherein the at least a first optical image of the diamond is
divided two or more sub-regions by the processor, and the average colour of each sub-region is determined and a
colour grading is assigned to each sub-region, and a final colour grading of the diamond is determined based on a
weighting between the colour grading of the two or more sub-regions.

7. A process according to any one of the preceding claims, wherein said data derived from acquisition of the at least
a first optical image and the data of said data sets is RGB (Red, Green, Blue) data of the RGB colour model.

8. A process according to claim 5, wherein said data derived from acquisition of the at least a second optical image
and the data of said data sets is RGB (Red, Green, Blue) data of the RGB colour model.

9. A process according to any one of the preceding claims, wherein the plurality of diamonds are standard reference
diamonds of a master set, corresponding to a pre-existing colour grading system.

10. A process according to any one of the preceding claims, wherein a plurality of first optical images of the diamond
are acquired annularly about said central axis, and the colour grading is determined from an average of the colour
grading determined for each optical image acquired.

11. A computerized system for grading the colour of a diamond, wherein the colour of the diamond is graded based on
a predetermined threshold of correlation of colour of a diamond with the colour of a diamond of a plurality of diamonds
each having a colour grading assigned thereto, the computerized system including:

an optical image acquisition device for acquiring at least a first optical image of a diamond, wherein the first
optical image of the table of the diamond is acquired at a predetermined angle of inclination to the central axis
extending normal to the table and through the apex of the pavilion of the diamond and in a direction of towards
the table and wherein the first optical image is acquired in an environment having a predetermined constant
light level;
a processor module for comparing data derived from acquisition of the at least a first optical image with a plurality
of data sets each of which corresponds to a diamond of a plurality of diamonds, wherein data sets are each
derived of the table of the plurality of diamonds from an optical image acquired by an optical image acquisition
device in an environment having a predetermined constant light the same as that as the first optical image is
acquired and each of the data sets is assigned a colour grading, and wherein said data derived from acquisition
of the at least a first optical image and the data of said data sets is data indicative of the colour of the diamond
from which it is acquired; and
an output module for providing an output signal indicative of the colour grade of the diamond, upon a predeter-
mined threshold of correlation between the data derived from input of the first optical image and one of the
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plurality of data sets.

12. A computerized system according to claim 11, wherein the processor module includes a data store, said data store
including said plurality of data sets for the plurality of diamonds

13. A computerized system according to claim 11 or claim 12, wherein the optical image acquisition device is inclined
at an angle in the range of from zero degrees to 90 degrees with respect to the central axis.

14. A computerized system according to any one of claims 11 to 13, further comprising a second optical image acquisition
device for acquiring at least a second optical image, wherein the second optical image is an optical image of the
pavilion of the diamond, and wherein the processor module is for further comparing data derived from acquisition
of the at least a second optical image with a plurality of data sets each of which corresponds to said diamond of a
plurality of diamonds, wherein data sets are each derived of the pavilion of the plurality of diamonds from the second
optical image acquired by the second optical image acquisition device in an environment having a predetermined
constant light the same as that as the first optical image is acquired; and the output module, for responsive to a
predetermined threshold of correlation between the data derived from input of the first optical image and one of the
plurality of data sets and a predetermined threshold of correlation between the second optical image and then
plurality of datasets, providing the output signal indicative of the colour grade of the diamond.

15. A computerized system according to any one of claims 11 to 14, further comprising at least one light source for
providing said predetermined constant light level is of colour temperature 6500K, and wherein the light source may
beselected from the group including an LED (Light Emitting Diode) light source, a Xeon lamp light source, and
incandescent light source, and fluorescent lamp light source, a solar simulator or the like.

16. A computerized system according to any one of claims 11 to 15, further comprising system of a pair integrating
spheres, in which the diamond is located when the image of the diamond is acquired, and wherein the diamond is
located at an aperture interconnecting each sphere of the integrating sphere system, and wherein a light source is
provided in each of the spheres.

17. A computerized system according to claim 16, further comprising a rotational platform rotatable about said central
axis and within the system of integrating spheres, wherein the rotational platform provides for rotation of the diamond
about the central axis such that a plurality of optical images of the diamonds can be acquired by the optical image
acquisition devices.
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