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Background and Prior Arts (1/3)

Our Invention: A continuous line for automatic diamond color grading evaluation

❖ Diamond Quality standard (4Cs):  Color, Clarity, Cut and Carat weight.

Gemological Association of Hong Kong. (2008)Standard Methods for Testing Diamond for Hong Kong. Hong Kong, GAHK.

• Manual Color grading procedures in Standard Methods for Testing  Diamond for Hong Kong 

Since its introduction in the early 1950s, Gemological Institute of America (GIA)’s D-to-Z scale has been 

used to color grade the overwhelming majority of colorless to light yellow gem-quality polished 
diamonds on which laboratory reports have been issued. D-to-Z color grading is based on the 
observations of a trained observer, who compares a diamond to color master stones of known position 

on the grading scale. GIA master stones are located at the highest point in their respective grade 
range. A diamond equal to the G master is graded a G. If it has slightly less color, it would receive a 

grade of F. 



• Trend from manual color grading in lab to automatic color grading on site

Background and Prior Arts (2/3)

➢ General requirements for round diamonds color 

grading in GIA:

I. Background: V-shaped nonfluorescent white plastic tray

II. Light source: Color temperature(CT) in the 5500-6500K 

range

III. Viewing geometry:  “0/45” (0° to the light source and 

45° from the diamonds

IV. Reference: Master stones set

V. View procedure: Sample stone examined in several 

directions

➢ 4 essential factors in automatic color grading system:
1. Light source: Color temperature in the 5500-6500K

2. Viewing angle: 45° from the pavilion side

3. Imaging: capturing image at different angular and 

rotating the sample diamond 360° in total

4. Evaluation: CIE XYZ color space



Background and Prior Arts (3/3)

Sarine Color TM (2017)
Manual rotational platform, slow and need 

training, expensive.

Price: over 1M USD

VARNA-D (2019)

Accuracy: ±1 Grade
Price: USD 5999

Problems to be solved:

❖ Requirements from the manufacturer or jeweler:

➢ Color grading accuracy: ~±0.5 grade

➢ Perform automatic process of diamonds sampling.

❖ Even the pre-development of Sarine© achieved the 

mentioned 4 factors, the grading results cannot meet 

the accuracy and the machine is not accepted by 

manufactures and jeweler. 

Solutions to be included in this invention:

➢ Use internal reference:

➢ Introduce a rotational platform, with the color 

images captured simultaneously with sample 

diamond and master stones placed rotationally 

symmetrically under the same  illuminate 

environment. 

➢ Achieve automation

➢ Automatic sampling can be easily adapted by 

the rotational stage and conveyor system.

• Pre-developments for automatic diamond color grading:

Essential factors Sarine Color TM VARNA-D

Light source in 5500-6500K √ √

45° viewing √ ×

Different angular position √ ×

Evaluation in CIE XYZ color space √ √



Key embodiments of the invention (1/4) – Problem statement

➢ Automated diamond color grading test on pre-development prototype
• Color grading procedure according to Sarine ColorTM:

Problems in the results:

i. Potential errors in the relative sequence of 

master stones within the range from D to M.

ii. Inability to replicate the distance and slope 

between two adjacent grades in the entire 

baseline displayed by D to M master stones 

after each test.

iii. Significant variance in the range of values 

obtained from D to M master stone in different 

test.

Images for each master stone to establish datasets 

• Pre-determined database built by the procedures 

in pre-development prototype: 

At least 15 steps

Results of master stones from D to M on different days

*Sarine Color, Patent No.: US11892412B2 (2022)



Key embodiments of the invention (2/4) – Our solution

➢ Automated Diamond color grading test with Master Stones Set as an Internal Reference 

Advantages in our invention:

i. It is not necessary to perform calibration before each 

test.

ii. The relative sequence of each master stone within the 

D to M range remains consistently accurate.

iii. After testing in different days, the distance and slope 

between two adjacent grades in the entire baseline by 

master stones from D to M is replicable.

iv. For sample testing, the results of sample diamond 

consistently shows the accuracy under 0.5 grade after 

each test.

• Color grading procedure in our invention: Using Master stone set for internal reference during sample testing

Results of sample diamond and master stones set on different days

11 steps



Key embodiments of the invention (3/4) – Variation of different configuration 

➢ An automatic system for diamond color grading evaluation

• Overall Arrangement: unified placement plate, step motor, broadband visible light LED, camera, control board, conveyor system, 

and robotic arm, and computational device are are configured to make a continuous line detection system for high volume 
diamond color grading evaluation

◆ Sample plate for 90° viewing◆ Sample plate for 45° viewing

Sample 

diamond 

Sample 

diamond 



Key embodiments of the invention (4/4) – Variation of different configuration 

➢ A continuous line detection system for high volume diamond color grading evaluation

• Different configuration of diamond color grading on product line

1. 2.

3.



Major claims and Inventorship detail per claim (1/2)

Claim 1. An automatic color grading system for more than one sample diamond comprising: 

an enclosure, said enclosure containing a rotation system and an image capturing system, and a controller module. 

the enclosure further comprising one or more sources of broadband visible light, the sources of broadband visible light being  controllable by the controller 

module;

the enclosure further comprising one or more mounting structure and components including but not limited to fixtures for rotation system, image detector 

and controller;

a rotation system consisting of a plate, which is used for placing a set of master stones and one or more sample diamonds, and a set of drive mechanism;

the plate further would hold the sample diamonds next to the master stones instead of in the center of the plate;

the rotation system further would rotate n times which n stands for the total number of master stones and sample stone on the plate;

an image capturing system would capture n images of each stones when the stone rotated to the location of each fixture which the location is overlapped to 

the last one.
Claim 2. The image acquisition system of claim 1, wherein said the image detector is mounted on the fixture for viewing conditions und er including but not limited to 0°, 45°, or 90°.
Claim 3. The image acquisition system of claim 1, wherein said the image detector captures a plurality of images of a set of master stones and a sample diamond.

Claim 4. The image acquisition system of claim 1, wherein said the image detector is set the parameter of white balance with the fixed value such as 6500K.

Claim 5. The encloser of claim 1, wherein controller module contains the electronic circuit boards.

Claim 6. The electronic circuit boards of claim 5 is connected to a computer, control the step motor, the image detector, and the broadband visible light.

Claim 7. A method for automatic diamond color grading comprising: 

providing an enclosure, the enclosure including a plate for placing a set of master stones and a sample diamond on the plate and the plate being rotatable 

about a plate rotation axis by a rotation system;

the rotation system further can rotate 360/n degrees in each time and all diamonds will be captured the image at each same lo cation after n times rotation;  

the enclosure further comprising one or more sources of broadband visible light, the sources of broadband visible light being  controllable by the controller 

module;

providing an image detector for capturing a plurality of images from one or more selected angle view;

providing an image processing device configured to process the plurality of images and to grade the sample diamonds using at least a part of the one or 

more images captured;

wherein the method further comprises: capturing by the image sensor, images of all mounted diamonds from one or more selected angles relative to the plate 

rotation axis;

Claim 8. The method of automatic diamond color grading of claim 7, further comprising the programmed image detector with fixed color  temperature value in white balance setting.

Claim 9. The method of automatic diamond color grading of claim 7, further comprising the programmed rotation system wherein the pla te can start rotation, rotate in the same 

angle for each time, and finish after 360° rotation.  

Claim 10. The method of automatic diamond color grading of claim 7, further comprising the programmed image detector capturing an image after the plate rotated once.



Major claims and Inventorship detail per claim (1/2)

Claims Contributor Contribution Contribution Percentage

Name of 

Inventor

WANG Yuelin 1-9, 15-17 50%

WANG Ziqi 3, 10-16 30%

ZHANG Chun 3, 6,7, 17 20%

Claim 11. The method of automatic diamond color grading of claim 7, further comprising the program to control the broadband visible light.

Claim 12. The method of automatic diamond color grading of claim 7, wherein said all images are processed and calculate the average values of CIE XYZ color space. 

Claim 13. The method of image processing of claim 12, wherein all images are segmented into distinct regions and selected pixels with in said regions are used.

Claim 14. The method of automatic diamond color grading of claim 12, wherein said the x and y value in CIE XYZ color space are used f or color grading evaluation.

Claim 15. The method of automatic diamond color grading of claim 14, wherein said the (x,y) values of all diamonds on the plate can be plotted in a linear curve and the point of 

sample diamond can be pointed between two adjacent points of master stones.

Claim 16. The method of automatic diamond color grading of claim 15, wherein the color of the sample stone is output as the lower lev el as the adjacent master stone.

Claim 17. A method for continuously automatic diamond color grading comprising:

replacing a sample diamond by an automated sampling system, capturing all images of the sample diamond after 360° rotation, processing and calculating 

the information in defined area and generating the report.

the procedure of replacing a sample further comprising feeding the sample on the sample plate, transporting the sample diamon d and removing the sample 

diamond on the plate;

the automated sampling system further comprising a conveyor or a robotic arm and any other related accessories.

Inventive steps:

i) Use of unified placement plate with 10 tiny fixtures to hold the master stone set and a sample diamond to imitate color grading procedure in 
GIA’s lab.

ii) Use of internal reference to reduce the influence of time, illumination, and the position and size of the sample diamond. 

iii) Use of conveyor system and robotic arms to facilitate sampling of sample diamond.



Differences with the prior arts
Patent search 1) Search Engine : WIPS Global

2) Search strings (full text):
String1 : (grading OR evaluating) AND (gemstone) AND (color OR color)                                       
String2 : (grading OR evaluating) AND (diamond) AND (color OR color)

String3: (grading OR evaluating) AND (diamond) AND (color OR color) AND (master stone)
Result : 121 + 360 +58 (43 + 219 + 45) patent applications (families) were found.

3) 5 out of 539 patents were selected as the closest prior arts.

Prior arts US11892412B2 (2022) US11435296B2 (2022) CN109991230B (2022) CN110132972B (2019) CN106840404B (2017) This invention 

Features of 

similar prior 
arts

Manually rotatable 

stage for mounting 
gemstones. Take 

single diamond in 

each test.

Modulate the light as 

input. Provide  output 
indicative of the 

transmittance 

spectrum. 

Compared the spectrum 
to the fixed reference 

values.

Using integrating spheres 

to control lighting conditions.
Output based on correlation 

thresholds of 

predetermined criteria.

Acquiring optical images of 
the diamond table and the 

pavilion.

Daylight-approximating 

light source.

Creating a virtual mask 

of color image.

Comparing color scores 
to predetermined values 

of reference gemstones.

Placing the diamond 

sample in a fixed V-
shaped groove.

Color coordinates x, y 
of the under-tested 

sample is measured. 

Master stones set with 

sample diamond, without 
using predetermined 

calibration datasets.

Automatically high-

volume test, including the 
infeed/outfeed, rotation of 

platform and color image 

capture.

Algorithm Calculate the selected area 

and pixel value in all 
diamonds under Color 

coordinates x, y. 

Use the leftmost master 

stones grade of the sample 
diamond as the output 

grade.

Closest prior art



Differences with the prior arts
Patents and Pre-developments

Prior arts
US11892412B2/

Sarine Color  
(2022)

VARNA-D 

(2019) DiaColor
US11435296B2

 (2022)

CN109991230B

(2022)

CN110132972

 (2019)

CN106840404B 

(2017)

US7388656B2

(2008)

This 

invention 

Commercial 

product
× × × × ×

Prototype

CT between 

5500-6500K
√ √ √ × √ √ √ √ √

45° viewing √ × × × √ √ × √ √

Rotational 

average of 

measurement

√ × × √ √ √ × × √

Analysis color 

in CIE XYZ 

colorspace

√
×

(RGB color 

space)

×
×

(Spectrum)

×
(HLS color 

space)

×
(CIELAB color 

space)

√ √ √

Internal master 

stones 

reference

× × × × × × × × √

Closest prior art



Patent Portfolio

Optical Sensing 
Device

Medical and Healthcare

Sensor Fusion for 
Food and Environment

Device Miniaturization for 
Consumer Electronics 

and Jewellery

Old patents before 2018

US20100249617, CN101677771B
US20110245627, CN101872389A

US9204809, CN102613966B
US20120176599, CN102727220B
US20130303921, CN102697487B

US8879060, CN103196888B
US9468403, CN103876748B
US9931076, CN104013389B

US10058255, CN104146692B
US9295420, CN104267015B
US9924894, CN104958075B

US10105089, CN105725998B

(2018) ART/223CP
(2019) ARD/218CL
(2021) ARD/251CL

(2021) SST/090/20CP
(2021) ART/301CP
(2022) ARD/268CL
(2022) ARD/277
(2023) ART/366CP

US10161861, CN108885170B 
US11340205, CN109923415B
US11402326, CN112384784A
US11408825, CN114424048B

US20220341880, CN114730361A
US20230021838, CN114730203B

US 18/186962 (2023)
US 18/600980 (2024)
US 18/602156 (2024)

(2018) ARD/186
(2018) ARD/196CL
(2019) ARD/228
(2020) ARD/236CL
(2022) ARD/276
(2023) ART/353CP

US10215689, CN108323181B
US10830641, CN109964104B
US11333606, CN112513621B
US11215504, CN112752958B

This invention



Business Value**

1. What are your inventions key differentiation and impact in the value chain of the associated potential applications? (Please note that this refers 
to the invention’s immediate benefits and impact in the industry and not the big picture. E.g. An NB-IoT IC design will benefit the IoT equipment 
manufacturer to create a low cost and power consumption IoT product to make smart city implementation cost effective) 

The color grading holds pivotal importance in the diamond industry as it directly impacts a gemstone's perceived quality and market value. 
The conventional diamond color grading is performed by qualified staff only. The continuous line for automatic diamond color grading offers 
a plethora of benefits, such as improved precision and uniformity in grading processes. This not only enhances operational efficiency in the 
marketplace but also significantly curtails labor expenses. Moreover, the accuracy of automatic color grading ensures even the tiny 
diamonds are assessed reliably, guaranteeing extensive quality assurance. 

2. Who would your potential customers in the next step up in the value chain of the potential applications and what kind of product will they 
produce using your inventions? 

The invention could be used by jewelry manufacture or trading companies. Professional users will have the direct needs to evaluate the 
color grading of diamond and distribution without the certification by International Institutes. This invention will help them with faster and 
more acuate detection with continuously automatic evaluation, instead of professional technician or oversea labs. Jewelry manufactures and 
traders will determine the moderate price of high-volume diamonds. 

3.     Any estimation in the potential market size in coming 5 years?

The global diamond market size is expected to reach USD 123.83 billion by 2030, expanding at a CAGR of 3.2% from 2023 to 2030.

4.     What is the status of the commercial discussions regarding your invention? Any deals signed or in progress and please provide details.

We will further investigate and connect to the local jewelry market. We have collaborated with Sunlin Jewellery Equipment (HK) Group Co., 
Ltd. Currently, we are collaborated with the vendor of Chow Tai Fook, carrying out trials using our automatic diamond color grading 
equipment for diamonds inspections.

5.     Which ITF project’s deliverable(s) is(are) related to current invention? Please quote the ITF project code with details of the deliverable(s).

This invention is directly related to deliverable 1 and 2 (A prototype of all-round optical system for the inspection of jewelry samples) for ART 
353CP, All-round Optical System for Smart Jewelry Inspections.



Business Value**

Potential Collaborators:

16

香港珠寶學院及香港寶石鑑定所 亞洲寶石學院及鑑定所有限公司

Published by Statista Research Department, Oct 30, 2023

It is estimated that 50 to 60 million polished 

diamonds have been produced. According to GIA’s 

Fee Schedules, there is an annual expenditure of at 

least USD 600 million dedicated to color grading.

https://www.statista.com/aboutus/our-research-commitment


Project Number, Name: ART 353CP, All-round Optical System for Smart Jewelry Inspections

Project Period: 19/01/2023 to 18/05/2024

 Filing a non-provisional patent application in US

 Filing a provisional patent application in US

 Filing an invention patent application in China

 Filing an utility model patent application in China

 Filing a patent application in Taiwan

 Filing a PCT patent application

 Filing a patent application in HK

 Others

Which Country to File



• Please list the questions asked by all the reviewers in the domain review and give corresponding 
answer.

Q&A in domain review



Thank You

Email: yuelinwang@astri.org

Contact: 34062652 

Date: 

Name: WANG Yuelin 

www.astri.org | TECH FOR IMPACT



Supplemental information

➢ Lower end (D to M) color grade diamonds are typically used as jewelry and ornaments

Gemological Association of Hong Kong. (2008) 

Standard Methods for Testing Diamond for Hong Kong, 
Hong Kong, GAHK.



Supplemental information

➢ GIA’s comments on the master stones size for manual color grading

King, John M., et al. “Color Grading “D-to-Z” Diamonds at the GIA Laboratory.” Gems & Gemology, vol. 44, no. 4, 2008, pp. 1-8

https://www.gia.edu/gems-gemology/winter-2008-color-grading-d-to-z-diamonds-king 

According to standards set by GIA, we designed 

different sample plates for diamonds in different 
size. Moreover, we can provide the color grading 
results of diamonds under 0.3ct for reference.

https://www.gia.edu/gems-gemology/winter-2008-color-grading-d-to-z-diamonds-king


Supplemental information

➢ Mechanical design for automatic easily

Conveyor system can transport the sample 

diamonds through the side hole of our machine.
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