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(57) Abrégé/Abstract:

A process operable using a computerized system (300) for grading the clarity of a diamond (315, 400) as a function of internal
defects within the body of the diamond (315, 400), the computerized system (300) including an optical image acquisition device
(310), a processor module (320) and an output module (340) operably interconnected together, said process including the steps of
(i) acquiring via an optical image acquisition device (310) a plurality of top view images of a diamond (315, 400) at different focus
depths corrected with the refractive index of the diamond (315, 400); (ii) in a processor module (320), detecting defects within the
body of the diamond (315, 400); applying a penalty score to each detected defect; and assigning a clarity grade based upon a
function of the penalty scores; and (iii) from an output module (340), providing a signal indicative of the clarity grade assigned in (ii).
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Abstract

A process operable using a computerized system (300) for grading the clarity of a
diamond (315, 400) as a function of internal defects within the body of the diamond

5 (315, 400), the computerized system (300) including an optical image acquisition
device (310), a processor module (320) and an output module (340) operably
interconnected together, said process including the steps of (i) acquiring via an
optical image acquisition device (310) a plurality of top view images of a diamond

(315, 400) at different focus depths corrected with the refractive index of the diamond

10 (315, 400y; (ii) in a processor module (320), detecting defects within the body of the
diamond (315, 400); applying a penalty score to each detected defect; and assigning

a clarity grade based upon a function of the penalty scores; and (iii) from an output

module (340), providing a signal indicative of the clarity grade assigned in (ii).
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DIAMOND CLARITY MEASUREMENT PROCESS AND SYSTEM

Technical Field

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

Background of the Invention

Diamonds are a key component utilized in luxury goods, in particular in articies of
jewellery, and can have a very great value. The value of a diamond depends on
several physical properties of the diamond.

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.

By way of example, the Gemological Institute of America (GIA) has a clarity grade
as shown below:

GIA CLARITY SCALE
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For the assessment on the clarity of a diamond, the quantity, size, and position of

the defects within the stone are required to be determined.

From the formation conditions under the earth of a diamond to the human applied
processes performed on the diamond, different defects can be formed.

Inside the diamond body, there can be impurities, voids and cracks, which are
considered internal defects. On the diamond surface, there can be under-polished
irregularities and scratches, which are considered external defects.

PCT/CN2018/125051
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These internal and external characteristics are also important with respect to a
diamond as they can be one of the unique identifying marks or “birthmarks” that can
be used for identifying a diamond.

Currently, the most accepted practices to determine a diamond's clarity is by trained
5 human eyes under 10x microscope. Gemologists are trained for several months by
standard samples with different type of defects with a view that a stone when

assessed by different people shouldreproduce the same assessment resultt.

However, even under standardized training and assessment procedures, the
repeatability cannot be guaranteed because of unavoidable subjective human
10  judgement.

Assessment on the same diamond by the same person at different time may also
result different clarity grades being applied to the same diamond. Because of
human'’s vision tiredness, different judgement on the same diamond may also be

made before and after assessments on many different stones.

15  Therefore, even for trained and experienced professional gemologists, such
gemologists still experience difficultly for providing repeatability in clarity

assessment.

Object of the Invention

20 It is an object of the present invention to provide a system and a process for
ascertaining clarity 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

25 In a first aspect, the present invention provides a process operable using a
computerized system for grading the clarity of a diamond as a function of internal
defects within the body of the diamond, 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:

30 (i) acquiring via an optical image acquisition device a plurality of top view images
of a diamond with different focus depths corrected with the refractive index of the
diamond wherein the focal depths are determined by the height of the diamond and
the plurality of top view images are acquired in an environment having a
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predetermined constant light level, and wherein the top view is defined as a view
normal to the table of the diamond and the height of the diamond is defined as the
length of a central axis normal to the table of the diamond and passing through the
apex of the pavilion of the diamond:;

(i) in a processor module, detecting defects within the body of the diamond,
wherein the defect is detected from contrasted changes in pixel brightness levels in
comparison with adjacent pixel in each acquired image of said plurality of top view
images; applying a penalty score to each detected defect as a function of the
geometry, size and location of the defect within the body of the diamond: and
assigning a clarity grade based upon a function of the penalty scores; and

(i) from an output module, providing a signal indicative of the clarity grade
assigned in (ii).

Preferably the height of the diamond is determined by an optical image acquired via
a further optical image acquisition device located normal to the central axis of the

diamond. The apparent focus depth Dapparent for focusing is preferably corrected

according to the formula:

_ Dreal
Dapparent -
Ngiamond

wherein Rdiamond = 2.42
Preferably the predetermined constant light level is a colour temperature of 6500K.

The plurality of top view images of a diamond are preferably acquired within a system
of integrating spheres.

A light source providing predetermined light level is preferably 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.
Preferably the optical image acquisition device is a digital camera.

The optical image acquisition device may be monochromatic or polychromatic.
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In a second aspect, the present invention provides a computerized system for
grading the clarity of a diamond as a function of internal defects within the body of

the diamond, the computerized system including:

an optical image acquisition device for acquiring acquiring a plurality of top view

5 images of a diamond with different focus depths corrected with the refractive index

of the diamond wherein the focal depths are determined by the height of the diamond

and the plurality of top view images are acquired in an environment having a

predetermined constant light level, and wherein the top view is defined as a view

normal to the table of the diamond and the height of the diamond is defined as the

10 length of a central axis normal to the table of the diamond and passing through the
apex of the pavilion of the diamond;

a processor module for detecting defects within the body of the diamond,
wherein the defect is detected from contrasted changes in pixel brightness levels in
comparison with adjacent pixel in each acquired image of said plurality of top view

15  images; and for applying a penalty score to each detected defect as a function of the
geometry, size and location of the defect within the body of the diamond; and for
assigning a clarity grade based upon a function of the penalty scores; and

an output module providing a signal indicative of the clarity grade assigned to
the diamond.

20  The processor module may include a data store, said data store including a plurality
of data sets indicative of date pertaining to known types of defects of diamonds.

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
25  network.

The computerized system preferably further comprises a light source for providing

said predetermined constant light level is a colour temperature of 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
30  lamp light source, a solar simulator or the like.
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The computerized system preferably further comprises system of integrating
spheres, in which the diamond is located when the at least a first optical image is
acqulired.

The computerized system may further comprise a rotational platform rotatable about

5  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 device.

The optical image acquisition device may be a digital camera.

10  The optical image acquisition device may be monochromatic or polychromatic.

Preferably, the computerized system further comprises a further optical acquisition
device for acquiring an optical image of a side view of the diamond so as to provide
for ascertaining the height of the diamond.

15  Brief Description of the Drawings

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

20  and any reference to dimensions in the drawings or the following description is
specific to the embodiments disclosed.

Figure 1 shows a schematic representation of an embodiment of a system according
to the present invention;

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

25 Figure 2b shows a representation of a flow chart of an embodiment of the process
according to the present invention; and

Figure 3a, 3b and 3c diagrammatically depicts an embodiment of the process
according to the present invention.
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Detailed Description of the Drawings

The present inventors have identified shortcomings in the manner in which clarity
grading of diamonds is performed, and upon identification of the problems with the
prior art, have provided a system and process which overcomes the problems of the

5 prior art, and provides a system and process which is more consistent and reliable.

Referring to Figure 1, there is shown a schematic representation of a system 300 in
accordance with the present invention. The system 300 includes an optical image
acquisition device 310 in communication 312 with a processor module including
processor 320, which is in communication 322, 332 with a data store 330 which holds

10  the plurality of data sets pertaining to defects. An output device 340 is provided,
which is in communication 324 with the processor 320.

The system 300 includes a system integrating spheres 350, in which the diamond
315 is located when the plurality of optical images are acquired.

The optical image acquisition device 310 is a digital camera device or other device
15  such as a CCD camera or the like, which allows for acquisition of an optical image
of a diamond 315

The system 300 includes a light source 318 for providing said predetermined
constant fight level is a colour temperature of 8500K. The light source is selected
from the group including an LED (Light Emitting Diode) light source, a Xeon lamp

20  light source, and incandescent light source, and fluorescent lamp light source, a
solar simulator or the like.

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, wherein
the rotational platform 317 provides for rotation of the diamond about the central axis

25  such that a plurality of optical images of the diamonds can be acquired by the optical
image acquisition device 310.

Referring now to Figure 2a in which a flow chart of the process 200a of the invention
is shown, and Figure 2b in which a flow chart of an embodiment of the process 200b
of the present invention is shown, and to Figures 3a, 3b and 3c which depict

30  diagrammatically the process of the present invention, which can be implemented
within the system of Figure 1.

The process 200a of the present invention is operable using a computerized system
300 of Figure 1 for grading the clarity of a diamond as a function of internal defects
within the body of the diamond, whereby the computerized system including an
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optical image acquisition device, a processor module and an output module operably
interconnected together.

The process 200a includes the steps of:

First Step 210a - Acquiring via an optical image acquisition device a plurality of top

5  view images of a diamond with different focus depths corrected with the refractive
index of the diamond wherein the focal depths are determined by the height of the
diamond and the plurality of top view images are acquired in an environment having
a predetermined constant light level.

The top view is defined as a view normal to the table of the diamond and the height
10  of the diamond is defined as the length of a central axis normal to the table of the
diamond and passing through the apex of the pavilion of the diamond.

Second Step 220a - In a processor module,

(i) detecting defects within the body of the diamond, wherein the defect is
detected from contrasted changes in pixel brightness levels in
15 comparison with adjacent pixel in each acquired image of said plurality

of top view images; and

(ii) applying a penalty score to each detected defect as a function of the
geometry, size and location of the defect within the body of the diamond;
and assigning a clarity grade based upon a function of the penalty

20 scores;

Third Step 230a - From an output module, providing a signal indicative of the clarity
grade assigned in (ii).

The height of the diamond may be determined by an optical image acquired via a
further optical image acquisition device located normal to the central axis of the
25  diamond.,

The apparent focus depth Dapparen: for focusing is corrected according to the formula:

D _ Dreal
apparent —
Ngiamond

wherein Rgigmond =~ 2.42
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With the stone height inferred from the sideview image, a plurality of images of
different focus depths of the diamond can be captured perpendicularly to the table
for the detection of defects. This may be done by dividing the height of the diamond
into corresponding focus depths. However, since the sideview image is captured in
5 air, while the images perpendicular to the table are to be captured in the diamond,
the refractive indices difference in air (114i- = 1) and diamond (Mdiamond = 2.42) will
affect the focus depths determination. Taking an approximation of the light ray’s
angle of incidence is small with respect to images captured perpendicularly to the

table, the apparent depth Dapparen: for focusing can be corrected as:

10
Dreal

Dapparent =—
Rdiamond
instead of the real depth Dreal.
The predetermined constant light level is a range of colour temperature of 6500K.
15  The plurality of top view images of a diamond is acquired within a system of
integrating spheres, and the 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.

20  Referring now to Figure 2b, in the embodiment as shown, the following steps are
utilised:

Step (i) 210b - a side view of the diamond is acquired,;
Step (i) 220b — multiple table view images are obtained at difference focal depths;

Step (iii) 230b — sharp changes in pixel brightness is determined, excluding those
25  caused by cuts of the diamond;

Step (iv) 240b — each defect is assigned a penalty score; and

Step (v) 250b — the sum of the penalty scores is utilised to determine the clarity
grade of the diamond.
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As shown in Figure 3a, from a side view of the height of the diamond 400, the plurality

of images of the table 410 at different focus depths 1 to 5 is shown, corresponding

to the first step of the process. The height h of the diamond is determined by the side

view, which can be acquired by an image acquisition device, such as a digital camera
5  or CCD camera.

Subsequently, as shown in Figure 3b, defects are detected within the body of the
diamond 400, wherein the defect is detected from contrasted changes in pixel
brightness levels in comparison with adjacent pixel in each acquired image of said

plurality of top view images, in accordance with the process of the present invention.

10  However, abrupt changes in brightness caused by the cut of the stone such as at
region 420 are exclude and not considered to be a defect, whereas abrupt changes
in brightness such as in the middie of a facet such as region 430 are considered a
defect.

Subsequently and as is further shown in Figure 3c, applying a penalty score to each
15  detected defect as a function of the geometry, size and location of the defect within
the body of the diamond 400; such as the scores denoted by numbers 2, 3, 4 and 5
as depicted in Figure 3c, and assigning a clarity grade based upon a function of the

penalty scores.
A clarity grade may then be assigned to the diamond 400.

20  As is shown, to overcome the repeatability and reliability difficulties of the prior art,
an embodiment of the process of the present invention using a system of integrating
spheres are used to analyze the clarity of diamonds.

Such a process implemented in a machine system, without the problem of vision
tiredness of humans, and having algorithm for analyzing the defects,provides a an

25  improved and advantageous alternative with high repeatability in comparison with
the prior art.

The system and process of the present invention also reduces the cost and time to
produce master stone sets and train a professional gemologist. This can also reduce
the time to train a professional gemologist in clarity grading.

30  Due to the visual nature of clarity and inherent variance, the assessment of clarity of
a diamond needs to be done in a controlled environment. This makes ensures the
lighting conditions and the background for every diamond are the same, as provided
by the present invention.
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Moreover, the controlled environment must be repeatable at different locations such
that people at different location can still have the same assessment on diamond
clarity, which the present invention provides.

A system of integrating spheres, as utlised in preferred embodiments of the present
5 invention, assists in playing this role as the light intensity, spectrum and uniformity
can be well controlled and repeated, and as such, the system of the present invention

can serve and provide for clarity assessment.

In summary, a preferred embodiment of the process of the present invention is as
follow:

10 1. From the sideview camera (camera 3 or 6 as shown in Figure 1) a photographic
representation of the stone height is inferred.

2. With that height information, the table view camera (camera 1 as shown in

Figure 1) will can be utilized to acquire a plurality, for example 5 pictures of different

focus depth, which are corrected with the refractive index of diamond, from table top
15  to the pavilion tip as described above.

3. The photographic images of point 2 above is analyzed and defects in the
stone located as abnormal pixels in the photographic images are determined.
Abnormal refers to sharp change in pixel's brightness level compared to surrounding
pixels, excluding those caused by the stones cutting.

20 4. Each defect found is then assigned a penalty score, depending on its position

and size. The sum of penalty determines the final grade of the stone.
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CLAIMS

1. A process operable using a computerized system for grading the clarity of a
diamond as a function of internal defects within the body of the diamond, 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 the optical image acquisition device a plurality of top view images
of the diamond at different focus depths along a central axis normal to the table of
the diamond and which are captured perpendicularly to the table of the diamond,
wherein the focus depths are corrected with the refractive index of the diamond and
determined by the height of the diamond, and the plurality of top view images are
acquired in an environment having a predetermined constant light level, and wherein
the top view is defined as a view normal to the table of the diamond and the height
of the diamond is defined as the length of the central axis normal to the table of the

diamond and passing through the apex of the pavilion of the diamond;

(i) in the processor module, detecting defects within the body of the diamond,
wherein the defect is detected from contrasted changes in pixel brightness levels in
comparison with adjacent pixel in each acquired image of said plurality of top view
images; applying a penalty score to each detected defect as a function of the
geometry, size and location of the defect within the body of the diamond; and

assigning a clarity grade based upon a function of the penalty scores; and

(i) from the output module, providing a signal indicative of the clarity grade

assigned in (ii).

2. A process according to claim 1, wherein the height of the diamond is
determined by an optical image acquired via a further optical image acquisition

device located normal to the central axis of the diamond.

3. A process according to claim 1 or claim 2, wherein the apparent focus depth

Dapparens for focusing is corrected according to the formula:

D _ Dreal
apparent —
Ndiamond

wherein Ngiamond = 2.42

Date Regue/Date Received 2021-10-15
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4. A process according to any one of claims 1 to 3, wherein said predetermined

constant light level is a colour temperature of 6500K.

5. A process according to any one of claims 1 to 4, wherein the plurality of top

view images of the diamond is acquired within a system of integrating spheres.

6. A process according to any one of claims 1 to 5, wherein, a light source
providing said predetermined light level is selected from a group including an LED
(Light Emitting Diode) light source, a Xeon lamp light source, an incandescent light

source, a fluorescent lamp light source or a solar simulator.

7. A process according to any one of claims 1 to 6, wherein the optical image

acquisition device is a digital camera.

8. A process according to any one of claims 1 to 7, wherein the optical image

acquisition device is monochromatic or polychromatic.

9. A computerized system for grading the clarity of a diamond as a function of

internal defects within the body of the diamond, the computerized system including:

an optical image acquisition device for acquiring a plurality of top view images
of the diamond at different focus depths along a central axis normal to the table of
the diamond and which are captured perpendicularly to the table of the diamond,
wherein the focus depths are corrected with the refractive index of the diamond and
determined by the height of the diamond, and the plurality of top view images are
acquired in an environment having a predetermined constant light level, and wherein
the top view is defined as a view normal to the table of the diamond and the height
of the diamond is defined as the length of a central axis normal to the table of the

diamond and passing through the apex of the pavilion of the diamond,;

a processor module for detecting defects within the body of the diamond,
wherein the defect is detected from contrasted changes in pixel brightness levels in
comparison with adjacent pixel in each acquired image of said plurality of top view
images; and for applying a penailty score to each detected defect as a function of the
geometry, size and location of the defect within the body of the diamond; and for

assigning a clarity grade based upon a function of the penalty scores; and

Date Regue/Date Received 2021-10-15
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an output module providing a signal indicative of the clarity grade assigned to

the diamond.

10. A computerized system according to claim 9, wherein the processor module
includes a data store, said data store including a plurality of data sets indicative of

data pertaining to known types of defects of diamonds.

11. A computerized system according to claim 9 or claim 10, wherein the processor
module is 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.

12. A computerized system according to any one of claims 9 to 11, further
comprising a light source for providing said predetermined constant light level is a

colour temperature of 6500K.

13. A computerized system according to claim 12, wherein the light source is
selected from a group including an LED (Light Emitting Diode) light source, a Xeon
lamp light source, an incandescent light source, a fluorescent lamp light source or a

solar simulator.

14. A computerized system according to any one of claims 9 to 13, further
comprising a system of integrating spheres, in which the diamond is located when

the at least a first optical image is acquired.

15. A computerized system according to claim 14, 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 diamond can be acquired

by the optical image acquisition device.

16. A computerized system according to any one of claims 9 to 15, wherein the

optical image acquisition device is a digital camera.

Date Regue/Date Received 2021-10-15
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17. A computerized system according to any one of claims 9 to 16, wherein the

optical image acquisition device is monochromatic or polychromatic.

18. A computerized system according to any one of claims 9 to 17, further
5 comprising a further optical acquisition device for acquiring an optical image of a side

view of the diamond so as to provide for ascertaining the height of the diamond.

Date Regue/Date Received 2021-10-15
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Step 1 - Acquiring a plurality of top view images of a

diamond with different focus depths corrected with the
refractive index of the diamond wherein the focal
depths are determined by the height of the diamond

Step 2 - Detecting defects within the body of the
diamond, and applying a penalty score to each
detected defect, and assigning a clarity grade based

upon a function of the penalty scores

Step 3 - Providing a signal indicative of the clarity grade

assigned in Step 2

Figure 2a
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