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Abstract 
The manufacturing and refining process of diamonds consists of several partly machine driven stages. During these stages it is 
of major interest to track the individual diamonds during the process and to monitor the loss of volume, respectively the weight 
in carat for each diamond. This information can be used to minimize the loss by improving the refinement process. To achieve 
this tracking the diamonds must be identified and weighted after every stage. Until now this has to be done manually by experts 
and can be difficult and time-consuming. We propose a method using a database storing features, voxel data and triangulated 
meshes of the diamonds generated from data acquired using x-ray Computed Tomography [CT]. After each stage the resulting 
diamond parts are scanned using CT and assigned to entries of the database by means of least distance in similarity metrics of 
the features and of generated triangular meshes. We could achieve reliable results assigning fragments of diamonds to entries in 
the database for up to 20 % loss of weight using this method. 
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1 Introduction 
The increasing demand of diamonds is satisfied by production of synthetic diamonds in addition to traditional mining of 
diamonds. During the production and refinement process a diamond is processed in various manual and machined stages.  After 
each of these stages the diamond may lose some of its original weight. However, the diamonds may be mixed during the 
processing and must be identified manually which can be time-consuming and error-prone. The proposed method can speed up 
this process by using data acquired by X-Ray Computed Tomography. Diamonds that are not damaged during the processing 
can be easily identified by generating a signature using simple shape features like their physical volume and surface in 
combination with other features based on the reconstructed voxel data of the CT scan. To assign the remaining diamond parts 
we assumed that large parts of the original surface remain unchanged during the processing. Using this assumption, the diamond 
is assigned to the diamond with the most similar surface. 

2 Materials and methods 

2.1 Experimental setup and CT Reconstruction method 
The size of the objects of interest is very small (< 50 mm3). This fact allows us to use lightweight compact portable CT devices 

and the measurements can be done at virtually any location. The device that was used in our experiments is one of the smallest 
systems available measuring only 300 mm × 230 mm × 350 mm. The system itself is shown in Figure 1 and technical 
specifications are shown in Table 1. 

 

Figure 1: Portable CT device that was used in the experiments 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

20
82

6



7th Conference on Industrial Computed Tomography, Leuven, Belgium (iCT 2017) 

2 

W/H/L (mm) 300 mm × 230 mm × 350mm 

Weight Less than 20 kg 
Max. specimen size Ø 45 mm, 65 mm (height) 
Tube voltage 20 – 60 kV , max. 50 W 
Number of pixels (in px) 1024 × 1024 
Pixel size 48 μm 
Voxel size/ 
spatial resolution 

18 μm 
(magnification of 2.7) 

Connections 230 V / 24 V 
Table 1: Technical specifications of the portable CT device  

In order to speed up the process one scan contained up to 50 diamonds. For this purpose, a weak absorbing container was 
produced and the diamonds were placed in separate cavities as shown in Figure 2. 
 

     
Figure 2: Arrangement of the diamonds during the scan 

For the 3D reconstruction of the projections standard Filtered Back Projection [1] was used with a Shepp Logan filter. Because 
of the size of the container the magnification factor was limited to 1.4 and thereby the resulting voxel size to 33 μm. 

2.2 Identification of undamaged diamonds 
In our experiments each CT-scan contains up to 50 diamonds. Slice views as well as renderings of generated mesh data can be 
seen in Figure 6 and photographs of the diamonds in Figure 5. As a pre-processing step these diamonds are separated and labeled 
in the reconstructed voxel data using connected component analysis [CCA]. Figure 3 shows the labeling of the diamonds in one 
level of the container shown in Figure 2. 

 
Figure 3: Volume rendering of the labeled diamonds 

 
Given these data, for each labeled diamond a vector of features is calculated to create a characteristic signature from the voxel 
data. In our experiments the diamonds were represented using a minimum amount of data. The experiments have proven that the 
weight in carat, the surface in mm², the ratio between the Volume and the Surface and the ratio of the eigenvalues of the principal 
component analysis [PCA] are sufficient to assign the undamaged diamond to its counterpart in a previous scan. 
 

    
Figure 4: Features used for classification of undamaged diamonds 

For this assignment a simple experimentally deduced threshold of the Euclidean distance between the feature vectors in the 5D 
feature space led to reliable results. 

Weight: 0.553 ct 
Surface: 72.11 mm2 
Surface / Volume: 2.566 
EV1 / EV2: 1.245 
EV1 / EV3: 2.567 
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Figure 5: Photographs of undamaged diamonds used in the experiments 

2.3 Identification of damaged diamonds 
After the first step of assigning the undamaged diamonds the diamonds that were damaged during the processing have to be 
considered. In this case the method proposed above will mostly fail to assign the diamonds correctly, because the shape of the 
diamonds is significantly changed and can lead to misclassification. However, we assume that large parts of the original surface 
remain unchained during the processing and thus can be used for identification. To compare the surfaces of the diamond 
fragments the voxel data has to be triangulated first we use the marching tetrahedra [2] algorithm to generate a surface mesh. 
We compare these meshes by the mean euclidean distance of neighboring vertices after a registration process. The registration 
is needed to find the best fit of the compared meshes. In our case a rigid iterative closest point [ICP] [3] algorithm was used, 
which minimizes the euclidean distance of the vertices of the given point clouds. In order to get a sufficient initial guess for the 
iterative algorithm the diamonds are aligned and centered using the principal component analysis [PCA]. 

 
Figure 6: Slice views of the CT reconstructions and generated meshes of undamaged ((a), (b)) and artificially damaged ((c), (d)) diamonds 

To assign the diamond fractions to undamaged diamonds, an adapted version of the registration algorithm had to be used for 
partially overlapping surfaces. For this purpose, only a fraction of the best fitting points is used for the error measure. This 
fraction defines the maximum material loss which can still be assigned. However, when using too few points the change of 
misclassification increases. In our experiments a partial overlap of 70% were chosen. Figure 7 shows the result of the algorithm 
using these parameters. The ICP is the computationally most complex part of the processing chain and mostly depends on the 
implementation of the nearest neighbor search among the point clouds. In our implementation a kd-tree is used which decreases 
the complexity from O(n2) to O(n·log(n)). Because of the undefined shape of the fragments it is not possible to align the fragments 
to a predefined pose prior to the registration process. The ICP optimizes for local optima only, therefore, in order to find the 
global optimum, varying rotations of the object have to be considered as initial positions. This greatly increases the computation 
time from several minutes for undamaged diamonds to up to several hours for damaged diamonds. When computation time is a 
limiting factor it can be reduced drastically at the cost of accuracy by randomly subsampling the generated point clouds as 
preprocessing step. 
 

 
Figure 7: Partially overlapping rigid Iterative closest point registration 
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In a real productive environment damaged and undamaged diamonds probably will be mixed in the scans and both assignment 
approaches must be combined. Figure 8 shows this combined process. To reduce the chance of a misclassification the more 
robust approach assigning the undamaged diamonds is executed first and only the remaining diamonds are assigned using the 
later approach. 

 
Figure 8: Flow chart of the complete assignment process of damaged and undamaged diamonds 

3 Results 

We evaluated the proposed method with real CT data of undamaged and damaged diamonds. However, to estimate the 
reliability of the procedure we synthetically modified several sets of reconstructed CT voxel data of undamaged diamonds in a 
way to obtain voxel data of diamonds with a precisely specified amount of lost volume. 

3.1 Undamaged diamonds 

To evaluate the performant of the assignment for undamaged diamonds 40 diamonds were scanned as described above, 
randomly shuffled and scanned a second time. We were able to assign all diamonds correctly using the features proposed in 
Figure 4 in this evaluation process. 

3.2 Artificially damaged diamonds 

To artificially generate voxel data of damaged diamonds the voxel values of parts of the diamonds were set to the value of the 
background, i.e., air. We generated damaged diamonds with a loss of volume of 10 %, 20 %, 30 %, 40% and 50 % of its 
original volume. With the proposed method we were able to identify all diamonds up to a loss of 20 % as can be seen in Figure 
9.  

 
Figure 9: Recognition rate for different degrees of loss of volume 

3.3 Real damaged diamonds 

In case of real physically damaged diamonds we could evaluate a small dataset of ten diamond fragments which originated from 
five undamaged diamonds. Because we know the assignment a priori we quantified the damage before and after the processing 
of the diamonds using the acquired CT voxel data and obtained the values as seen in Table 2. The diamonds were damaged in a 
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way that each diamond broke into two main pieces in addition to many very small pieces that we will not consider here (Figure 
10). This is why the combined loss of both fragments per diamond can be greater than 100 %. For these given fragments we 
could achieve a recognition rate of 50%, which means the larger part of the two fragments could be assigned correctly for each 
diamond (Figure 11). 
 

 
Figure 10: Fraction of a diamond after processing. 

Diamond number Fragment label Loss of volume 

1 
1.1 84 % 
1.2 17 % 

2 
2.1 39 % 
2.2 71 % 

3 
3.1 50 % 
3.2 57 % 

4 
4.1 67 % 
4.2 44 % 

5 
5.1 31 % 
5.2 69 % 

Table 2: Measured loss of volume of the real damaged diamonds 

 

Figure 11: Recognition rates of the fragments (Table 2) of real damaged diamonds. The larger fragment could be assigned correctly for each 
diamond. 

4 Technical limitations 
The correct assignment of the diamonds depends heavily on the quality of the triangulated surfaces. In order to obtain a high 
accuracy in the triangulation the reconstructed voxel data should offer a high contrast between the object of interest and the 
surrounding air. Figure 6 is an example where this assumption is given. However, some diamonds have a much higher degree of 
highly absorbing metallic inclusions. The device used in our experiments (Table 1) is not designed for high absorbing materials 
which can lead to streaking artifacts in the reconstructed volumes. Figure 12 shows the result of the triangulation of a diamond 
with several high absorbing inclusions. 
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Figure 12: Streaking artifacts in the reconstruction because of high absorbing inclusions (voxel and triangulated data) 

5 Conclusions and Outlook 
We demonstrated a way to identify fragments of diamonds in voxel data and assign them to their undamaged counterparts stored 
in a database. This allows to automatically monitor the loss of volume of diamonds during their physical refinement process and 
could be used to optimize this procedure. In our experiments the recognition turned out to be reliable up to a loss of 20% of the 
original volume. Further goals of research may be the evaluation of more real world data and an increased recognition rate for 
smaller diamond fractions. 
The recognition rate mainly depends on the accuracy of the registration process. The used ICP algorithm performs robust on 
similar meshes but fails when the overlapping fraction is too small. This means that small fractions of diamonds can most 
probably not be assigned correctly. To potentially increase the recognition rate further rigid registration algorithms, have to be 
evaluated regarding their performance on partially overlapping meshes. 
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