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A Quantitative Testing Method for the Evaluation of Diamond Color
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Abstract Diamond color grading has been firstly designed to form a set of mature grading system by Gemolog-
ical Institute of America. Traditionally, diamond color grading method is to observe the sample visually and
compare it with a set of standard colour master stones. The classification results are mainly affected by the tes-
ting environment, size of diamond, inspectors and so on. Then, grading deviations will always exist for the
same sample, even if it is tested by the same person in the same environment. To avoid the above problems. it
has been a hot research topic in diamond field to use an excellent instrument to evaluate the color of diamond.
However by now, there have not yet been any instruments which can completely meet the requirement for the
grading of diamond. This paper gave an interesting method for quantitative evaluation of diamond color, and
the micro zone measurement was applied and proposed to avoid the effect of size variation results in color grad-
ing of the diamonds. The principle of spectrophotometer was used in the method. which consisted of a sample
system., a micro positioning display system, an automatic acquisition and calculation system. D65 light source
was employed and its color temperature was (6 5004200) K. The color signal acquisition was realized by CCD
optical fiber spectrometer with high speed, high resolution and large pixels. Several sets of master diamonds
with the national (China) standard certificate and with different sizes and different colors were employed to
test. The results showed that the method could obtain the index of the color of the diamond accurately and
could transform to the degree of diamond grading color system. By using the micro area accurate positioning
method, selected the common features of the diamond pavilion measurement area, which could eliminate the
errors of the same color grade diamond due to the size. The method is a potentially useful technology for dia-

mond color grading.
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Introduction

Diamond color grading is explored for diamond trade and
use. The traditional diamond color grading method is to ob-
serve the sample visually and compare it with a set of standard
colour master stones, and the results of which are mainly af-

fected by the background color, UV fluorescence, inspectors
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and so on""*', Then, it is very difficult to avoid a large devia-
tion result, even if the sample is tested by the same person in
the same environment.

To avoid the above problems, we need to explore a new
test method which can evaluate diamond color and find the er-
ror immediately when the inspectors made a big mistake.

In the recent years, the diamond color automatic meas-

Au-

urement systems were paid attention to and studied™®’,

Foundation item: National Quality Inspection Administration Science and Technology Planning Project(2012QK258)

Biography: CHENG You-fa., (1972

* Corresponding author

), Professor CGC, National Gold & Diamond Testing Center

e-mail; 18678786329@163. com

e-mail: kedachenshuxiang@163. com



1644 i 2% 5 61 43 Hr

%39 &

tomatic measurement methods should have a good repeatabili-
ty and accuracy. However, by now, the repeatability of the
measuring instrument can not completely meet the needs of
color measurement., and what’s worse. the results of the in-
strument measurement can not meet the color perception of
the human eye and the brain.

At present, for the majority of diamond color measure-
ment methods, the sample information is collected by placing
the diamond samples on the integral ball window. A selected
light irradiates the diamond sample surface, and the light is
reflected and diffused by the diamond, then turned into the
sphere detector for data acquisition’”*. The limitation of the
method is that integral color automatic measurement requires
a sample of plane structure, in order to reduce the measure-
ment error caused by the surface structure. But the diamond
color measurement faces a complex situation. especially dif-
ferent sizes. If a beam of light enters the diamond samples
with different sizes, the optical path length inside the diamond
will not be consistent. If the optical path length inside a large
volume diamond is longer, the color will be deeper. If the op-
tical path length inside a diamond of small size is shorter, the
color will be lighter. The optical path length will directly af-
fect the diamond color saturation. It is found that the stand-
ard round brilliant diamond pavilion has the similar character-
istics, such as angle and shape. The precise light positioning
of the region in the same measuring area can effectively elimi-
nate the measurement error caused by the optical path in dia-
mond. The paper provided a micro positioning detection

method to avoid the size problem.

1 Apparatus and materials

1.1 Apparatus

The method consists of a sample collecting system, a mi-
cro positioning display system, a spectrum automatic acquisi-
tion and calculation system. The principle of colorimetry of
the CIE Lab. was applied to collect, analyze and calculate the
information of tested diamond. At the same time, a continu-
ous sequence color with different classes was adopted and
used as the standard for reducing the system error. The de-
sign of the instrument structure was shown in figure 1, and
the experimental apparatus was shown in figure 2. D65 light
source with the color temperature of (6 500+ 200) K was
used. D65 light source is the most commonly used artificial
sunlight as standard light sources. In order to meet the test
conditions of vertical pavilion facets, a V type groove fixed
angle was applied. A powder standard white board specified
by standard GB/T 9086 was used and spectral reflectance rati-
o of which was above 95% , and the absorption of visible light

1[\0:

was neutral-'”., Two standard white boards were placed above

a fixed angle of the V type slot, which could be relatively
movable, so that each surface of the test sample could be ro-
tated to observe easily. This study used the VC development
integration tool of Microsoft Windows desktop application.
The color signal acquisition was realized by CCD optical fiber
spectrometer with high speed, high resolution and large pix-
els. The technical parameters of the spectrometer were shown

in table 1.
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Fig. 1 Instrument working principle diagram
1. CCD; 2: Zoom lens; 3. Spectrometer; 4: Semi transparent and
semi reflective mirror; 5: Sample; 6: Light; 7: V type sample slot;
8: Adjustable two dimensional platform; 9: Positioning display;

10: The signal line; 11 Signal processing computer

Fig. 2 Experimental device diagram
1: CCD; 2: Zoom lens; 3: Light source; 4: White board and V type

slot; 5: Adjustable two dimensional platform

Table 1 Technology parameters of the spectrometer

Ultra low stray light type symmetrical
optical path, 75 mm focal length

200~1 100 nm
0.05~20 nm
470 000
2 048 pixel CCD array

Signal to noise ratio 300+ 1

Optical platform

Wavelength range
Optical resolution
Sensitivity

Detector type

In order to ensure the same collection of diamond samples

with different sizes and the results would not be affected by
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the size of the diamond, a measurement area was precisely po-
sitioned in the same characteristics of the diamond pavilion ar-
ea, as shown in figure 3. Through a software analysis and
calculation system, it could obtain the color measurement co-
ordinates (x. y) value and diamond color level automatic con-
version.

1.2 Samples for test

To ensure traceability, 5 sets of master diamonds with

5
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/

Fig. 3 Sample test area (Features of different sizes of diamond

in the same area of the Pavilion)

the national ( China) standard certificate were tested. In
which, the first set of stones included D, E, F, «-+, L color
level, total of 9 stones, whose weight were 0.23~0. 26 ct,
and the 2~4 sets had similar size with the first set of master
stones. The fifth set of master stones were larger, whose

weight were 0. 30~0. 38 ct.

2 Procedure of test

The diamond sample was placed on the whiteboard, and
the diamond table was close to the side of the light source
which was near to the board, as Figure 4(a). The other mo-
bile whiteboard adjusted the position of the diamond, as
shown in Figure 4(b). The A and B of the pavilion main facet
were kept on a vertical dotted line, and the dotted line bisects
the pavilion the main facet, so met the vertical pavilion main
facet. The bottom point (B point) was moved to the center of

the cross circular area as measuring region, as shown in the

figure 4(co).

Fig. 4 Measure the vertical pavilion main facet, bottom tip and cross center overlap, circular area is the measurement area

To ensure the accuracy of the test results, each sample
was calculated for 8 times by using the same method, and the

average value of 8 data obtained was the final testing result.

3 Results and discussion

3.1 Feasibility test

The 5th set of master stones were measured, and the dia-
mond color coordinates (x, y) were shown in figure 5. The
difference between the x and y index of the adjacent color
grade were calculated, and the results were shown in table 2.
The digital precision of the X and Y index were 0. 000 2.
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Fig. 5 Color coordinate chart

Table 2 Difference between adjacent color levels

x v index

(D.E) 0.002 3 0.003 2 0.003 95
(E,F) 0.002 1 0.003 2 0.003 77
(F,G) 0.002 1 0.003 3 0.003 77
(G, H) 0. 000 9 0.001 7 0.001 90
(H.D 0.003 4 0.004 7 0.005 82
(I, 0.001 2 0.001 6 0.001 89
(J,K) 0.002 1 0.003 0 0.003 66
(K.L) 0.002 4 0.003 6 0.004 31
(L.M) 0.002 8 0.003 4 0.004 33
(M.,N) 0.003 1 0.004 4 0. 005 42

As shown in Figure 5, the method could also be used to
test the color span levels of diamonds. The projection point of
the test result basically showed linear distribution, and the
whole uniformity was good. The method could easily distin-
guish the diamonds with different color gradings.

3.2 Stability and repeatability test

For testing the stability and repeatability of this method,

we took a diamond of grading D as the example, fixed the

same test surface, ten times in a row, and the results were
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shown in table 3.

Table 3 D color diamond test data on the same test surface

No x v Y index
1 0.317 5 0.3351 42.5 0.461 63
2 0.317 6 0.3351 42. 6 0.461 68
3 0.317 6 3351 42.5 0.461 73
4 0.317 6 0.3351 42.5 0.461 68
5 0.317 6 L3352 42.5 0.461 81
6 0.317 6 335 3 42.5 0.461 84
7 0.317 7 0.335 3 42.5 0.461 91
8 0.317 7 0.335 4 42. 6 0.461 98
9 0.317 5 0.335 2 42.9 0.461 69
10 0.317 5 335 2 42.9 0.461 72
average 0.317 6 L3352 42.6 0.461 77

The data in Table 3 indicated that the stability and repro-
ducibility of this method were good, and the average value
method could further reduce the error.

3.3 Comparison of different color stones

Selecting No. 1 and No. 2 sets of mater stones to test, ac-
cording to the same method as the above, and the results were
shown in figure 6.

From Figure 6, the test results indicated that it was dra-

matically different from a set of master diamonds to anther set.

0.360
0.355
0.3501
~0.345 1
0.340

0.3351

0.330
0314

0326 0330 0334

X

0318 0322

Fig. 6 2 sets of different master stones test results

Although the numerical results of each set were linear, there
was a big difference in series of colorimetric stones, especial-
ly. the result of the same color level of different sets and uni-
formity of each set of stones. The same grading stones with
different colors like this maybe will bring a big problem to test
laboratories. In order to solve the problem, the method pro-
vided a suitable idea to avoid the problem, which was to make
the numerical value more uniform, as shown in table 4 and
figure 7, before and after simulation. Linear fitting formula
was y=1.439 2X—0.121 7. This simulation had a guiding
significance for the choice of the diamond master set, through
the color data, it could be more accurate to select the more u-

niform diamond master set.

Table 4 The actual measurement results and the simulation results of equal distance between different colors

Actual measurement results

Equal interval analog processing data

Difference Difference

x between upper y between upper

and lower levels and lower levels

Difference Difference
between upper

and lower levels

x between upper v
and lower levels

D 0.317 6 / 0.335 1 / D 0.317 6 / 0.335 4 /
E 0.319 9 0.002 3 0.338 3 0.003 2 E 0.319 8 0.002 2 0.338 6 0.003 2
F 0.322 0 0.002 1 0.341 5 0.003 2 F 0.322 1 0.002 3 0.341 8 0.003 2
G 0.324 1 0.002 1 0.344 8 0.003 3 G 0.324 3 0.002 2 0.345 1 0.003 3
H 0.3250 0.000 9 0.346 5 0.001 7 H 0.326 6 0.002 3 0.348 3 0.003 2
1 0.328 4 0.003 4 0.351 2 0.004 7 1 0.328 8 0.002 2 0.3515 0.003 2
J 0.329 6 0.001 2 0.352 8 0.001 6 J 0.3310 0.002 2 0.354 7 0.003 2
K 0.3317 0.002 1 0.355 8 0.003 0 K 0.333 3 0.002 3 0.358 0 0.003 3
L 0.334 1 0.002 4 0.359 4 0.003 6 L 0.335 5 0.002 2 0.361 2 0.003 2
M 0.336 9 0.002 8 0.362 8 0.003 4 M 0.337 8 0.002 3 0.364 4 0.003 2
N 0.340 0 0.003 1 0.367 2 0.004 4 N 0.340 0 0.002 2 0. 367 6 0.003 2
y
03701 4 Conclusions
0.365 1
0.360 1 ' ' -
0,355 (1) By using the micro area accurate positioning method,
0.350 1 selected the common features of the diamond pavilion meas-
0.345 o urement area, which could eliminate the error of the same col-
. —— R4
0.340 A = ZH2 or grade diamond due to the size.
0.335 (2) The method was employed to test several diamond
0-338'315 0330 0325 0330 0335 0340 054}‘5 master sets with different sizes and different color levels. The

Fig. 7 The results of the actual measurement of the mater stones

and the simulation results after equal distance treated

results showed that the method can accurately distinguish the

color grading of the diamond.
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(3) The method can be tried to be used as an efficient future.

verification technology of the traditional visible test method in
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