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Abstract: Quality control is an important step during the manufacturing of products and of crucial interest in the 
field of pharmaceuticals. These products need to be clean, in a stable condition and efficient. Pharmaceutical 
capsules should not contain any foreign items, be precisely filled and in an immaculate state. Unfortunately, the 
weight of the capsule shells alone can vary due to production variations. Given that mainly the filled capsules are 
weighed to check the correct filling, the amount of filling itself may vary and lead to unwanted side effects or 
decreasing effectiveness. Dual energy X-ray transmission may be a powerful tool in non-destructive testing and 
can be used for weighing materials. In this approach, five types of dietary supplements in pharmaceutical gelatin 
capsules with varying weight were examined and weighed to determine the limitation and advantages of this 
method. The samples were investigated in movement both in their blister packaging and without. 
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1. Introduction 
 

Gelatin hard capsules are widely used in the field 
of pharmaceuticals. They may be filled with different 
kinds of powder or granulate and carry highly diverse 
contents, such as dietary supplements or active 
pharmaceutical ingredients. Depending on the filling, 
slight variances in the amount of pharmaceutical 
ingredients may have a tremendous impact on the 
drug’s efficacy and its adverse effects for the patient. 

In the production process of gelatin capsules it is 
possible to measure the weight of filled capsules on a 
conveyor belt or in the packaging machine [1] for 
example by measuring the capacitance profile of the 
capsule [2]. Unfortunately, the weight of the filling 
alone cannot be determined. This would be of great 
interest as the mass of the capsule shells are varying 

due to production variations or differences between 
the various manufacturers. 

X-ray transmission (XRT) may offer a solution for 
the above described problem. With this technique, the 
attenuation, which is proportional to the mass of the 
transmitted object, can be obtained. Unfortunately, 
this includes not only the filling but also the shell and 
(if existing) the packaging. If those two vary, errors in 
the estimation of the mass of the filling or the filled 
capsule occur. 

In contrast to standard XRT, the dual energy 
approach (DE-XRT) may offer a more robust solution. 
The method is well known since 1976 [3] and proved 
to be a powerful tool in non-destructive testing. The 
most prominent usage are luggage scanners at airports, 
but DE-XRT also shows promising results in the 
sectors of recycling [4], mining [5], food security [6] 
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and sorting applications [7]. The method in 
combination with an analysis algorithm provides 
information about the material of the examined 
objects. The results are images showing the areal 
density of two chosen materials [8]. With this 
approach it may be possible to separate the signals of 
filling and shell. Thus to weigh the filling inside the 
capsule or to weigh filled capsules inside a package. 

As X-rays have no effect on the quality of the 
product, DE-XRT is save to use in pharmaceutical 
environments [9]. 

Two approaches were used to test the idea of 
weighing objects by DE-XRT. The first is to determine 
the weight of capsules (shell and filling) in their blister 
packaging, the second is to obtain the weight of the 
filling alone for capsules outside of the package. The 
principle is the same from a technical point of view.  

This paper gives an overview over the examined 
samples and provides an introduction to DE-XRT and 
the weighing of objects by this method.  Results for 
capsules with five different fillings of dietary 
supplements are presented for measurements with and 
without blister packaging. The benefits and limitations 
of the method are illustrated. 

 
 

2. Experimental 
 
2.1. Sample Materials 
 

After conducting a proof-of-principle study with 
one capsule type [10], five different types of filled 
pharmaceutical gelatin capsules were examined for 
this study. All samples are over the counter dietary 
supplements and were bought in a drugstore. There is 
no relation between the authors of this paper and the 
drugstore or the manufacturer. The samples were 
randomly chosen, not based on a prior estimation of 
their X-ray properties. Two of the samples contain 
granulated material while the other three are filled 
with powder. The gelatin capsules themselves were 
transparent or dyed and could be opened by hand 
without being destroyed. The studied samples and 
their ingredients can be seen in Table 1 and Table 2, 
respectively. 

The capsules were opened and loaded with 
different amounts of filling to cover a wide range of 
weights and to prove that the weight is proportional to 
the areal density (see Table 3). For every sample type, 
five empty capsule shells were measured as well as 
three to seven capsules with their original amount of 
filling. In total, ten to twenty-five filled capsules of 
each type were examined (for more details see 
Table 1). 

All samples were weighed previously with an 
analytical balance (Kern ACJ 220-4M, weighing 
range (max) = 220 g, minimum load (min) = 10 mg, 
verification value (e) = 1 mg, readability 
(d) = 0.1 mg) before performing the DE-XRT 
measurements. The weighing was conducted three 
times for the capsules with filling, as well as the filling 

and the capsule shell alone. The maximum difference 
that occurred between the three measurements was in 
the region of the last digit in agreement to the 
verification value of 1 mg. 

 
 

Table 1. Studied samples. 
 

 

Vitamin B 
complex 

depot 
25 samples  

(7 originally 
filled) 

 

Zinc + 
vitamin C 

depot 
20 samples  

(5 originally 
filled) 

 

Devil’s claw 
10 samples  

(3 originally 
filled) 

 

 

Immune 
complex 

10 samples  
(5 originally 

filled) 

 

L-carnitin 
10 samples  

(4 originally 
filled) 

 
 

The weights of the filled capsules, as well as of 
shells and fillings alone are given in Table 3. The 
weight of the original filling of the vitamin B capsules 
was determined to (455 ± 5) mg. Fig. 1 shows a plot 
of the weight of the shells of these capsules. Their 
mean weight is 96.6 mg with a standard deviation of 
2.2 mg and 10 mg difference between the lightest and 
the heaviest shell. These two values amount to 
approximately 0.5 % and 2 % of the weight of the 
original filling. If only the total mass of the filled 
capsules would be measured during quality control, 
these uncertainties in the capsule shell would 
propagate to the uncertainty of the mass of the filling. 
Thus, separate weighing of capsule shell and filling 
makes sense. 
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Table 2. Ingredients of the five studied samples. 
 

Sample Ingredients 

Vitamin B 
complex 

Sugar, gelatin, nicotinamide (niacin), 
maltodextrin, starch, calcium D-
pantothenate (pantothenic acid), coating 
agent: shellac, pyridoxine hydrochloride 
(vitamin B6), riboflavin (vitamin B2), 
thiamine mononitrate (vitamin B1), anti-
caking agents: silicon dioxide and talc, 
glucose syrup, vegetable fat (coconut), 
pteroylmonoglutamic acid (folic acid), 
sodium chloride, colorant: iron oxide, D-
biotin, cyanocobalamin (vitamin B12). 

Zinc + C 

L-ascorbic acid (vitamin C), sugar, gelatin, 
coating agent: shellac, cornstarch, zinc 
sulfate, glucose syrup, vegetable oil 
(coconut), release agent: talc. 

Devil’s 
claw 

Devil's claw root powder (43 %, 
Harpagophytum Procumbens), maltodex-
trin, gelatin (bovine), L-ascorbic acid 
(vitamin C), anti-caking agent: magnesium 
salts of fatty acids, cholecalciferol (vitamin 
D) 

Immune 
complex 

L-ascorbic acid (vitamin C), gelatin, 
bulking agent: calcium phosphate, ferrous 
sulfate, anti-caking agents: magnesium 
salts of fatty acids and silicon dioxide, zinc 
oxide, copper sulfate, pyridoxine 
hydrochloride (vitamin B6), retinyl acetate 
(vitamin A), Pteroyl monoglutamic acid 
(folic acid), sodium selenate, 
cholecalciferol (vitamin D3), 
cyanocobalamin (vitamin B12) 

L-carnitin 

L-carnitine L-tartrate, magnesium oxide, 
gelatin (bovine), anti-caking agent: 
magnesium salts of fatty acids, pyridoxine 
hydrochloride (vitamin B6), 
cyanocobalamin (vitamin B12) 

 
Table 3. Minimum, maximum, mean and standard 

deviation (SD) of the weight of the capsule shell alone, the 
filling and the refilled samples in mg. The weight of the 

originally filled capsules is the mean value over the number 
of capsules with original filling given in Table 1. 

 

[mg] 

V
it

am
in

 B
 

co
m

pl
ex

 

Z
in

c 
+

 C
 

D
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Im
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L
-c

ar
ni
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Sh
el
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Min 91.0 93.1 92.3 93.5 113.2 
Max 101.1 101.7 97.3 101.4 120.3 
Mean 96.6 97.2 95.2 96.6 115.5 

SD 2.2 2.2 1.5 2.1 1.8 

O
ri

g.
 

F
il

li
ng

 Min 449.5 511.2 489.9 438.4 845.8 
Max 463.8 547.4 505.5 452.3 925.8 
Mean 454.6 525.7 497.1 446.2 879.8 

SD 4.9 13.3 7.9 5.7 36.5 

F
il

li
ng

 Min 54.9 47.0 183.8 155.3 244.7 
Max 600.9 641.7 505.5 535.4 925.8 
Mean 338.3 391.2 382.8 387.9 660.3 

SD 149.4 190.3 109.5 119.1 237.2 

C
ap

su
le

 +
 

fi
ll

in
g 

Min 151.9 146.6 277.0 250.9 355.9 
Max 694.6 737.2 590.6 629.7 1040.2 
Mean 434.6 488.7 470.3 481.2 774.0 

SD 149.7 190.0 105.3 118.3 237.4 

 
 

Fig. 1. Distribution of weight of vitamin B capsule 
shells measured by an analytical balance. 

 
 

2.2. Dual Energy X-ray Transmission 
Measurements 

 
The DE-XRT measurements were carried out with 

a Comet MXR-225HP/11 X-ray source in 
combination with a Hamamatsu C11800-08U 
detector. This dual energy line detector has a pixel 
pitch of 0.4 mm. It contains two detection layers. The 
first records the low energy (LE) photons. Thereby it 
acts as a filter for the second layer, which collects the 
high energy (HE) photons. Thus, two images are 
recorded at the same time. The measurements were 
performed with a tube voltage of 70 kV and a tube 
current of 6.8 mA. The samples were placed in a 
drawer system (Fig. 2) and moved between source and 
detector with a velocity of approx. 170 mm/s, which 
corresponds to an exposure time per recorded line of 
2.67 ms.  

 
 

 
 

Fig. 2. Schematic of the used DE-XRT drawer system 
(from [11], licensed under CC BY 4.0). 

 
 

2.3. Basis Material Decomposition 
 

For analyzing the two images obtained by the dual 
energy detector, a method called basis material 
decomposition (BMD) was used. This method 
provides a new set of images showing the areal density 
(mass per area) of two chosen basis materials for every 
pixel (Fig. 3) [11, 12]. 
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Fig. 3. Scheme of the workflow showing a sample, DE-
XRT images and result obtained after data processing. 

 
 
The foundation of BMD is the dependence of the 

intensity of X-rays I transmitted through an object on 
this objects' mass attenuation coefficient µ' and its 
areal density p, as well as on the X-ray energy E. This 
dependence is described by Lambert-Beer's law: 
 

 	 exp ′ . (1) 
 
I0 is the unattenuated intensity to which the object is 
exposed. In case of laboratory X-ray sources, I0(E) is 
a polychromatic spectrum. It can be found by 
simulations or measurements [13]. 

For X-rays passing through more than one 
material, equation (1) transforms into 
 

 	 exp ∑ ′ , (2) 
 
where i counts the materials. 

The mass attenuation coefficients are published in 
tables for chemical elements [14]. For complex 
materials, they can be calculated from the weight 
fractions w of their chemical elements using [14] 
 

 	 ∑ ′ . (3) 

The intensity detected behind an object can be 
calculated by integrating over the energy in equation 
(2). When the samples examined by DE-XRT contain 
two materials with known mass attenuation 
coefficients, equation (2) contains two unknowns: the 
areal densities of the two materials. Thus, when two 
measurements are executed with different X-ray 
energies, a set of two equations with two unknowns is 
created. Solving this set of equations results in the 
areal densities of the two basis materials for every 
pixel (for more details see [5]). Thus, two basis 
material images are created. Each of them shows the 
areal density of only one of the basic materials as 
illustrated schematically in Fig. 3. If a third material is 
present in the examined object, it appears as a 
superposition of the two chosen basis materials. 

In the application presented in this paper, the 
blister packaging, the capsule shells and the filling 
were not pure elements but chemically complex 
objects. Even though the ingredients are known from 
the folding box (Table 2), their relative amount is 
unknown. Thus, the mass attenuation coefficients 
cannot be calculated using equation (3). A suitable 
description had to be determined experimentally. To 
this end, DE-XRT images of blister packaging, empty 
capsules and fillings were recorded. For each of these 
components, the effective atomic numbers Zeff of 
suitable basis materials were varied in the subsequent 
BMD analysis, until the currently considered 
component was visible in only one of the basis 
material images. Here, non-integer values of Zeff 
indicate that the mass attenuation coefficient is a 
weighted average of the coefficients of the 
neighboring chemical elements. For instance, 
Zeff = 7.4 means that the X-ray attenuation is between 
that of N (Z = 7) and O (Z = 8), the values of Zeff found 
in this way are given in Table 4.  
 
 

Table 4. Effective atomic numbers of the package, the 
capsules and its filling used for the BMD analysis. The 

zinc + C depot filling has two components. 
 

Zeff Package Capsule Filling 
Vitamin B complex 11.0 6.4 7.4 

Zinc + C 11.0 6.4 
7.2 
20.0 

Devil’s claw 11.0 7.2 7.4 
Immune complex 11.0 7.0 10.5 
L-carnitin 11.0 7.5 8.3 

 
 

In case of the blister packaging, this value comes 
about as a superposition with the tape used to fix it to 
the drawer during measurements. 
 
 
2.4. Weighing by DE-XRT 
 

The areal density obtained by BMD for every pixel 
is proportional to the weight. Therefore, to obtain an 
estimate of the mass of a particular capsule, the areal 
densities of all pixels belonging to it have to be 
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summed up. Multiplication by the area covered by a 
pixel gives the mass. 

The correlation between capsules and their related 
pixels was obtained using a binary image. The first 
step to this end was only done for measurements of 
capsules in the blister packaging. Here, an X-ray 
projection of an empty package was subtracted from 
the projection of the filled pack to increase the contrast 
between capsule and environment. The X-ray 
projections were then binarized by thresholding. 
Morphological operations were used to remove single 
bright and dark pixels. The resulting binary images 
showed only the filled capsules. Then, connected 
pixels were assigned to one object, that is, to one 
capsule. The binary image was then used as a mask for 
the basis material image. 
 
 
3. Results and Discussion 
 

For this publication, two approaches were tested. 
At first, the filled capsules were weighed by DE-XRT 
inside of their blister packaging (Fig. 4, left). In a 
second experiment, the samples were measured 
outside of the packaging (Fig. 4, right). 
 
 

  
 
Fig. 4. Left: Photograph of vitamin B complex capsules in 
their blister package. Right: Photograph of loose vitamin B 

complex capsules. 
 

 
3.1. Packaging vs. Filled Capsule 

 
Fig. 4 shows a photograph of vitamin B complex 

capsules in their packaging. The DE-XRT images 
(Fig. 5) show capsules with different amounts of 
filling in their blister package. Although the gray value 
is proportional to the amount of filling (a darker gray 
value means more attenuation due to more mass or 
higher µ'), it is also influenced by the local thickness 
of the package. 

Fig. 6 shows the basis material images obtained by 
BMD. While one of them shows only the blister 
packaging, the other shows the capsules. The effective 
atomic numbers used to create these images were 
Zeff = 11.0 (packaging) and Zeff = 7.4 (filling). As a 

consequence, the capsule shell (Zeff = 6.4) is visible in 
the basis material image of the filling, too. However, 
its signal in this image is slightly too high, as the 
chosen basis materials do not match the shell's 
effective atomic number. 

 
 

 
 

Fig. 5. Left: Low energy XRT image of the vitamin B 
complex capsules. Right: High energy XRT image of the 

vitamin B complex capsules. 
 

 

 
 

Fig. 6. Left: BMD image of material 1 (packaging) with 
Zeff = 11.0. Right: BMD image of material 2 (vitamin B 

complex capsule and filling) with Zeff = 7.4.  
 
 

The weight of the capsules obtained from the basis 
material images is proportional to the values obtained 
with the analytical balance (Fig. 7). A line of the form 
 

  (4) 
 
was fitted to the data points. The slope m is slightly 
higher than expected, mostly due to inaccuracies in the 
determination of Zeff. This systematic error would not 
cause problems in an application as it is possible to 
calibrate the weight determined by DE-XRT with an 
analytical balance. The y-intercept n is close to zero, 
as expected. The scattering of the data points around 
the fit is caused by random errors in the weight 
determined by DE-XRT. These are mainly due to the 
limited signal to noise ratio (SNR) of the X-ray 
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projection. The noise is not only propagated to the 
basis material images, but also limits the accuracy of 
the binarization (section 2.4). Possibilities to increase 
the SNR are discussed in section 4. 
 
 

 
 

Fig. 7. Weight estimated by BMD versus weight of capsule 
shell and filling determined by an analytical balance for each 
vitamin B complex sample. The black line indicates the ideal 
fit for the weight determined by DE-XRT and the analytical 
balance. 

 
 
The parameters for the line fits of the five different 

kinds of capsules are given in Table 5. In all cases, the 
first basis material was chosen to represent the 
packaging, the second to represent the filling (for the 
respective values of Zeff, see Table 4).  

 
 

Table 5. Parameters for linear fits of weight determined  
by DE-XRT versus weight measured with an analytical 

balance for filled capsules in their blister package. 
 

Sample Slope m n [mg] R2 
Vitamin B 
complex 

1.08 0.09 0.9875 

Zinc + C 0.99 8.59 0.9902 
Devil’s 
claw 

1.07 -27.55 0.9781 

Immune 
complex 

0.93 273.37 0.4898 

L-carnitin 1.04 22.87 0.9881 
Ideal fit 1 0 1 

 
 
For Devil's claw, the weight found by DE-XRT 

agrees well with that measured by the analytical 
balance. 

The zinc + C depot filling consist of two 
components with different X-ray attenuation 
(Fig. 8(a)). Only the component with the lower 
effective atomic number, which constitutes the higher 
fraction of the filling, is used for the weight estimation 
by BMD. The other component is visible in the basis 
material image of the blister packaging. Still, the 
parameters of the line fit are closer to the ideal case 
than for any of the other samples. The scattering is 
low, showing that the presence of two components 
does not deteriorate the result. Even if this was the 

case, as long as the ratio between both components is 
constant, a calibration with an analytical balance 
would be possible. 

 
 

 
(a) (b) (c) 

 
Fig. 8. (a) LE projection of zinc + C depot capsules showing 
two components with different attenuation, (b) basis 
material images of packaging (left) and capsule (right) for 
immune complex, (c) LE projection of immune complex. 

 
 

The case of the immune complex samples was 
challenging due to the low contrast of only 0.5 
between Zeff of capsule shells and filling. This low 
contrast leads to a low SNR in the basis material 
images (Fig. 8(b)). Consequently, there is a large 
random error in the estimated weight, leading to low 
values of R2. The low contrast in Zeff further leads to 
stronger effects of small errors in Zeff. Thus, the weight 
estimated by BMD is approximately 240 mg higher 
than expected, which leads to a large value of the y-
intercept of 273 mg.  

The X-ray projections of immune complex also 
reveal an inclusion of higher attenuation in one of the 
capsules (Fig. 8(c)). Whether it is some kind of 
contamination or due to an uneven mixture of the 
ingredients, is unknown. In any case, this example 
shows that X-ray imaging can reveal such 
imperfections, too. 

The estimation of Zeff for L-carnitin was also 
challenging. It was not possible to find a Zeff that 
completely removed the filling from the basis material 
image of the blister package (Fig. 9(a)). The filling 
taken from the capsules, directly after opening them 
for the first time, was no fine powder but contained 
agglomerations. These may be the reason for areas of 
varying X-ray attenuation visible in the X-ray 
projections (Fig. 9(b)). In addition, in measurements 
with a detector (Teledyne Dalsa Shad-o-Scan 8K) 
enabling a better spatial resolution (but no DE-XRT 
measurements), unevenly distributed components of 
higher X-ray attenuation are visible (Fig. 9(c)). These 
components and agglomerations might impede the 
finding of a suitable Zeff. Nevertheless, even though 
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the weight determined by DE-XRT is about 50 mg 
higher than the expected values, the scattering is low. 
 
 

 
(a) (b) (c) 

 
Fig. 9. (a) Basis material images of blister packaging (left) 
and capsules (right) for L-carnitin showing imperfect 
material separation, (b) LE projection of L-carnitin showing 
areas of varying attenuation, (c) high resolution projection 
of a L-carnitin capsule with pixel size of 27 µm. 

 
 

3.2. Capsule vs. Filling 
 
The separation of two materials into different basis 

material images requires some contrast in these 
materials' effective atomic numbers. Table 4 shows 
that the highest contrast between capsule shell and 
filling exists for L-carnitin and immune complex. As 
explained in the previous section, the estimation of Zeff 
for L-carnitin was problematic due to the presence of 
agglomerations in the filling. Thus immune complex 
was chosen for attempting to estimate the weight of 
the filling by DE-XRT. 

Fig. 10 shows the basis material images for these 
capsules.  

 
 

 
 
Fig. 10. Areal density image of capsule shells (left) and 
filling (right) for immune complex capsules without 
package. Five empty capsule shells are visible on the left 
image. 

 
 
The image of the capsule shells contains some 

traces of the filling. These are not visible in the empty 
shells towards the bottom of the image. This indicates 

an inaccurate estimation of Zeff values. Indeed, as with 
L-carnitin (Fig. 9), it was not possible to determine an 
effective atomic number that perfectly separates 
capsule shell and filling into the two basis material 
images. Thus, the slope and R2 are higher and lower 
respectively, than expected for the ideal case (see 
Table 6). 

 
 

Table 6. Parameters for linear fits of weight determined  
by DE-XRT versus weight measured with an analytical 

balance for filled capsules in their blister package. 
 

Sample Slope m n [mg] R2 
Vitamin B 
complex 

1.12 111.03 0.9898 

Immune 
complex 

1.08 4.17 0.9663 

Ideal fit 1 0 1 
 
 
As a second example, Fig. 11 shows the basis 

material images for vitamin B. The difference in the 
effective atomic numbers between capsule shell and 
filling is only ΔZeff = 1. Thus the weight is about 
150 mg higher than the expected value, which is more 
than in the example of the same capsules in their 
package (Fig. 6 and Fig. 7). Accordingly, the value of 
n deviates considerably from zero (Table 6). 
 
 

 
 

Fig. 11. Areal density image of capsule shells (left) and 
filling (right) for vitamin B without package. 

 
 

3.3. Influence of Spatial Resolution  
on Estimated Weight 

 
The accuracy of the separation between filling and 

capsule shell is influenced by the spatial resolution of 
the measurement system. Due to the two consecutive 
detection layers in the dual energy detector, the HE 
image has a slightly higher magnification than the LE 
image. This is compensated by image registration, 
which requires interpolation between the pixels in at 
least one of the images. Abrupt changes of the object 
thickness, like at the transition between filling and 
shell or between shell and air, rarely coincide with 
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borders between pixels. Thus, edge pixels are typically 
incompletely covered by the object. In particular, the 
coverage will be different for pixels in the LE and the 
HE detection layers. For these edge pixels, the 
interpolation required by image registration creates 
inconsistencies in the gray values of LE and HE 
projections. These would be further increased by an 
imperfect registration. The result of the BMD analysis 
is inaccurate for edge pixels as a consequence and may 
show artifacts. 

The capsules have an approximately cylindrical 
shape. X-ray imaging projects the attenuation 
properties of this three dimensional form into two 
dimensions. Consequently, a considerable portion of 
the mass of the capsule shell can be found around the 
edge pixels (Fig. 9(c)). The wall thickness of capsule 
shells is typically around 100 µm, which is less than 
the pixel size of 400 µm used for DE-XRT imaging. 
Thus, the edge pixels of the generated basis material 
images, which are subject to artifacts, include not only 
a part of the capsule shell which contains a 
considerable portion of the weight, but a part of the 
filling, too. 

As a result, the low resolution prevents the 
determination of the weight of the capsule shells. This 
would require pixels smaller than the wall thickness. 
For the filling, the influence is smaller because most 
of the mass is close to the center and thus not 
influenced by the artifacts. Still, the smaller the pixels, 
the smaller is the ratio of edge pixels to non-edge 
pixels. A better spatial resolution would thus improve 
the accuracy of the weight determination. 

As an example, in Fig. 11 a capsule contains 
(1350 ± 60) pixel. Roughly 10 % of these pixels 
(136 ± 4) are considered edge pixels. When creating 
an image with one half of the pixel size by 
interpolation, the total number of pixels of a capsule 
increases by a factor of four to (5410 ± 240) pixels. 
The number of edge pixels only increases by a factor 
of approximately two to (324 ± 7) pixels. 
Unfortunately, a high resolution detector capable of 
dual energy was not available for this study. 
 
 
4. Conclusion and Outlook 

 

The presented examples show the potential of DE-
XRT: the determination of weight is possible for filled 
capsules in blister packaging and for the filling of 
capsules outside of the package. Weighing capsules 
with different, known amounts of filling as presented 
in this paper can be used as a calibration. Then, the 
weight of other capsules or their filling can be 
determined from the calibration curve. This can be 
done in real-time, so that DE-XRT can be integrated 
into a production line. 

Although the bought samples were randomly 
chosen, they cover different properties. They contain 
powder or granulated material, the fillings consists of 
one or more detectable components and also 
agglomerations were visible. The variability of the 
effective atomic numbers Zeff found for capsule shells 

and fillings lead to pairs of low and of high Zeff 
contrast. This spectrum of properties allows to see also 
the limits of the method. 

One general limitation to the accuracy of the 
method is given by the difference in the effective 
atomic numbers of blister package, capsule and filling, 
the smaller these are, the lower is the SNR of the basis 
material images and the higher is the random error of 
the weight determined by DE-XRT. A small contrast 
in the effective atomic numbers also increases the 
effect of inaccuracies in the values of Zeff on the 
estimated weight and increases the systematic error. 

Another restriction of the presented method is the 
limitation to two material differentiation. A separation 
of blister packaging, shell und filling into three basis 
material images is not possible by this method. This 
limitation also causes a requirement for the uniformity 
of the filling. For instance, a separation of the shell of 
the capsule and two components of the filling into 
three basis material images cannot be done. This may 
lead to restrictions for the kinds of capsules that can be 
investigated. However, as shown in the example of the 
zinc + c depot, as long as the mixing ratio is constant 
and suitable values of Zeff can be found for one filling 
component, a calibration with an analytical balance is 
possible. 

Even for the presented examples that fulfill above 
requirements, the scattering in plots like Fig. 7 has to 
be reduced to achieve an accuracy acceptable for 
industrial application. This requires a higher SNR of 
the projection data. However, the power of X-ray 
sources is limited and longer exposure times are 
contradicted by the need for speed in industrial 
production. Another option are detectors using time 
delayed integration (TDI). These increase SNR by 
averaging the detected signal over several detector 
lines. This technique also allows to use smaller pixels 
that would otherwise decrease the SNR, because a 
smaller area collects less photons. Smaller pixels 
would also improve the spatial resolution and thus 
increase the accuracy of the weight determination. 

Apart from weighing filled capsules or the filling 
alone, DE-XRT may also detect quality issues like 
agglomerations and contaminations. Of cause, it also 
includes the possibilities provided by standard XRT, 
like detecting deformations or capsules missing in a 
blister package. 
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