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a b s t r a c t

Several tablets are chiseled and imaged in order to determine the variation in the coating thickness with
the addition of the coating material (weight-gain). Chiseling is carried out with an ultrasonic chisel. The
chiseled tablets are imaged in full and these images are exported into programming language Matlab in
order to numerically analyze all the pixels along one side of the tablet. The coating thickness is statistically
eywords:
oating thickness

mage analysis
ill-climbing segmentation

assessed at four cutting depths for three tablets obtained from four weight-gain experiments, a total of
48 images. The coating layer is clearly visible and determinable in the ‘white-light’ images even for the
smallest weight gain of 1% but with sizeable errors due to the diffused boundaries between the coating
and the core on one, and the coating and the background on the other side. Addition of the coating
material clearly increases the coating thickness which is found to be somewhat higher at the top of the
tablets than at the edges. Two approaches for assessment of the coating thickness are tested and are

d agre
found to be in a very goo

. Introduction

The tablets are often coated with materials that protect
he core from the environmental effects and improve its cos-

etic appearance or palatability (Kleinbach and Riede, 1995). For
ontrolled-release formulations, the coating is one major factor that
overns functionality of such products due to its influence on the
ate of the release of the drug (Jantzen and Robinson, 2002). The
hickness and porosity of the coating is its key feature. The most
mportant element of the coating process is the amount of the coat-
ng material sprayed onto the cores which is usually represented
hrough the weight-gain of the tablets. Satisfactory visual appear-
nce of the tablets for the reasonably high weight-gain indicates
he end of the coating. The actual homogeneity of the coating or its
hickness may not even be considered for the immediate release
ormulations provided drug product performance tests are in line
ith expectations. For more complex or controlled-release formu-

ations, a better insight into the coating is required which, it would
eem, can easily be attained by imaging – the differences in the
ppearance of the coating and the core may be such to allow for
lear visual separation under the microscope.

Limited literature references reporting on application of visual

maging for quantitative or semi-quantitative characterization
f the coating are available. This technique has certainly been
ommonly applied as the simplest way to obtain immediate infor-
ation on the thickness but, presumably, reading from the screen

∗ Tel.: +1 860 686 4180; fax: +1 860 686 5684.
E-mail address: slsasic@yahoo.com.

378-5173/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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ement except for the thinnest coating layer.
© 2010 Elsevier B.V. All rights reserved.

is deemed sufficient and the images are rarely processed. Various
other physicochemical techniques are being used for this pur-
pose. Chemical imaging based on vibrational (Ringqvist et al., 2003;
Romero-Torres et al., 2006; Kauffman et al., 2007; Belu et al., 2008;
Maurer and Leuenberger, 2009), X-ray (Barbash et al., 2009), or flu-
orescence spectroscopies (Andersson et al., 2000) are all applied for
two-dimensional characterization of coated tablets. All these tech-
niques are based on tagging specific analytical responses obtained
by the above spectroscopies with the spatial coordinates on the
sample. The amount and specificity of information obtained by
these approaches often exceeds the need for simple recognition
of the layers in the imaged material.

Technically, the most complex and hence of particular note
are tomographic methods for three-dimensional representations of
tablets. The very informative review by Zeitler and Gladden (2008)
lists four key tomography methods that may be used for visually
most impressive, non-invasive determination of coating thickness;
terahertz imaging (TeraHz), X-ray microtomography (Ozeki et al.,
2003; Traini et al., 2008), optimal coherence tomography (Stifter,
2007), and magnetic resonance imaging (Melia et al., 1998). TeraHz
is apparently most often used for coating thickness determination
as documented by a number of reports (Zeitler et al., 2007a,b; Ho et
al., 2007; Ho et al., 2008) from the manufacturer of that instrument
(TeraView).

The aim of this text is to use the simplest common instru-

ments to create images with the core/coating boundary exposed
and to quantitatively analyze these in order to assess variation in
the coating thickness with the increase in weight-gain. In addition,
the tablets are chiseled at several depths to evaluate the thickness
variation across the length of the tablets. The emphasis here is on

dx.doi.org/10.1016/j.ijpharm.2010.07.004
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:slsasic@yahoo.com
dx.doi.org/10.1016/j.ijpharm.2010.07.004
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ig. 1. Three possible positions for chiseling a tablet. The arrows mark possible
hiseling directions.

nalytical information and image-processing while the pharma-
eutical aspects of the coating itself and the coating process are
argely ignored. The intention is to provide an idea for an approach
o be used as a process analytical tool (not as an online application
hough) and possibly for quality control. The industrial require-

ents are also given significant consideration here.
The content of this study is similar to the very recent work of

aksmana et al. (2009) who thoroughly analyzed the coating struc-
ure of various pellets (thickness, porosity, and pore size). Their
aper is essentially a meticulous, quantitative imaging study in
hich the images of the pellets are obtained by confocal scan-
ing laser microscopy, numerically enhanced, and then analyzed
ith various image-processing algorithms in order to describe

he above parameters. The general idea of comprehensive image
nalysis for characterizing the coating is shared in both studies
ut the differences in the experiments and calculations are evi-
ent.

. Experimental

The tablets are chiseled on an ultrasonic chisel device capable
f chiseling in fine steps (10 �m) with the minimal initial cut-
ing depth of 100 �m (custom made, Foster Miller, Waltham, MA,
SA). The chiseling proceeds in a stepwise fashion with the fine-
ess of lowering the blade depending on the desired final depth
nd the ability of the tablet to withstand the process. The instru-
ent is entirely enclosed and equipped with a vacuum system for

utomated collection of dust so the whole process produces no
ontamination. The existing software-control is designed for much
ore complex operations than simple chiseling (which is not of

nterest for this application). The user only enters the final cutting
epth and defines the step in which this depth is to be reached.

Tablets can generally be chiseled in three positions described in
ig. 1. The horizontal and vertical one are not considered suitable
or this application for the following reasons: the vertical position
s unsuitable due to the need for short but frequent chiseling in
rder to cover large areas on a tablet. In addition, there is a risk of
he tablet being swept off the special slide on which it is mounted
simply glued to) due to the force of chiseling being applied to the
osition that is very distant from the glued part. The horizontal
osition is unsuitable too due to the need to completely remove

he oval top of the tablet. If the concave top is not removed, which
appens if the cutting depth is, for example, only 500 �m, the back-
round in the image of the tablet is the same as the coating layer
hat is analyzed so the two are very hard to distinguish. This prob-
em would not exist for a flat-top tablet. The ‘reclining’ position is
maceutics 397 (2010) 109–115

thus chosen for all tablets, as it suffers much less from the effects
described for the other two positions.

Three tablets from batches obtained from four weight-gain runs
were chiseled, totaling 12.

Once chiseled, the tablets are moved (without ungluing) to an
imaging-equipped microscope to collect images. The Perkin-Elmer
Near-Infrared Mapping system ‘Spotlight’ is used for these pur-
poses. This instrument is capable of collecting near-infrared spectra
(and images) that can be used to identify chemical identity of the
components in a tablet. Given this was of no importance for the
current task, only normal microscopy images (‘white-light’, WL)
are collected with it. ‘Spotlight’ is used in part due to convenience
and, much more importantly, due to its ability to quickly collect WL
images across large areas on the sample which is of crucial impor-
tance here. Normally, 10 mm × 10 mm images are collected which
is the largest possible area coverage for this instrument. This allows
for the whole tablet to be imaged which normally completes in
about 10 min. Of course, any other microscope capable of imaging
across large areas would suffice for this purpose.

The key parameter of the imaging system used for this applica-
tion is its spatial resolution. The better the spatial resolution, the
more accurate the thickness estimates. In this application, 8 �m
is the size of each pixel in the image which is not very optimal
with regards to the coating thicknesses analyzed (as will be shown
later). However, when considered in light of the overall coverage
of 10,000 �m × 10,000 �m, it is actually a rather good resolution.

An interesting observation here is that manually gluing a tablet
for the holder before the chiseling may introduce some small errors
that are detectable under the microscope. If the tablets are not glued
‘perfectly’ vertically to the holder, one of the sides may have larger
shade of the coating than the other side rendering it hence less
analyzable. This positioning error is practically unavoidable but
normally it does not appear to have any significant effect on the
measurements.

Given this study focuses on analytical and not pharmaceutical
aspects of the coating, the details of the coating process are omitted.
It suffices to say that the weight gain is varied from 1% to 4% in a
routine spray drying coating procedure with Opadry II red coating.
There is a sharp color difference between the coating and the core.

The obtained images (in the .bmp format) can be analyzed on
the monitor of the microscope and also can be exported to apply
more exact data analysis approaches.

Matlab (MatWorks, Natick, MA) is chosen as software support
for the numerical analysis of the images. Essentially, all the opera-
tions with it were simple and did not require any particular routine
to be created. Several lines executed separately sufficed to complete
the analysis. Most of the images shown here were also produced in
Matlab. Due to some of the results relying on the visual impression
from the images, it needs to be said that the internal Matlab set-up
for plotting images was not manipulated in any way.

It is also important to say that this programming language con-
tains imaging toolbox with several routines that can be applied
for automated image analysis (Laksmana et al., 2009). These
algorithms are not used in this study however but instead a non-
commercial algorithm downloaded from the Matlab-users-forum
website (matlab.com, see references) is used for analysis of the
images without operator’s assistance. Details of this application are
given in Section 4.

3. Results
The tablets are chiseled at four depths in order to provide infor-
mation on the coverage along full length of one half of a tablet
and not only at individual cross-sections. Although these four
points obviously cannot replace the 3D perspective from a potential
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Fig. 5 shows that there is a gradual transition between the core
and the coating as well as between the coating and the background.
The assignment of pixels associated to the coating is thus not trivial.
The mid-value pixels are evident in Fig. 5 but one needs to set a
ig. 2. An original 10 mm × 10 mm image of a 2% weight gain tablet cut at 500 �m
ore clearly the visual appearance of the coating (right). Each pixel in these and all

omography study on a whole tablet, they do contribute to better
nderstanding of the coverage of a tablet.

Cutting depths of 0.5, 1, 1.5 and 2 mm are chosen. The last
epth significantly cuts through the embossing and this causes
ome problems in estimating the coating thickness. However, the
oating is confirmed abundantly present at the embossment so this
roblem only affects the calculations for describing the coating.

An example of an image (plotted in Microsoft Paint) obtained at
he depth of 0.5 mm, 2% weight gain is given in Fig. 2. The coating
s clearly visible and its thickness can be estimated by counting the
ssociated (red) pixels. However, it is laborious to visually scroll
hrough a very large number of pixels to analyze the whole length
f the tablets.

By visually inspecting the sides of the tablet, one can approxi-
ately count the pixels belonging to the coating and hence assess

he thickness as well as whether there is any unexpected variation
n it (too thin or too thick). This is the most intuitive and certainly
seful approach but it is subjective and quite coarse. No errors of the
stimate and assessment of homogeneity can be obtained which is
f importance given the thinness of the coating at the beginning of
he process (at 1% weight gain), and also it is heavily dependent on
he contrast of the software used for plotting.

Another approach is to try to automate the analysis of the pixels
n the image. The idea here is to numerically analyze the actual val-
es of the pixels. Every pixel in Fig. 2 has some associated intensity
ith the black background being zero. If the numerical difference

etween the white (core), the colored (coating), and the black pixels
background) is sufficient, then the colored pixels can be precisely
dentified in every row in the image. Having the exact numbers of
oating-related pixels in each row allows for better estimates of
he thickness across the whole edge of the tablet and of the related
eviation.

In order to analyze the data in the proposed manner, the image
n Fig. 2 is exported into software that can operate with the under-
ying numbers. Matlab is here used for such purposes and Fig. 3 is
Matlab presentation of Fig. 2 in a different color scale. What visu-
lly seems a determinable difference between the coat, coating, and
ackground in Fig. 2 is somewhat smeared in Fig. 3. However, this

s because Fig. 3 is a more accurate presentation of the data than

ig. 2 (i.e. Fig. 3 is an image of higher fidelity) in which the pixels
alues appear to be coarsely rendered.

According to the approach above, one would ideally like to have
three-step curve (Fig. 4) with the high value pixels associated
ith the core (e.g. the red pixels in Fig. 3), mid-value pixels asso-
X8 enlargement of a small segment on the right-hand side of the tablet illustrating
images throughout is 8 �m.

ciated with the coating (cyan), and zero pixels for the background
(blue).

Such a situation is apparently not met in the one-dimensional
presentation shown in Fig. 5 in which there is no sharp decrease
in the values of the pixels at the boundary between the core and
the coating as well as between the coating and the background.
This is unsurprising because the image in Fig. 3 hints that such
complications can occur, as it apparently contains more than three
colors. It should be said here that the color palette for plotting an
image is dependent on the internal criteria in the software used for
plotting. For example, if there are less color levels, then an image
contains better defined colors but this reduces the resolution and
simply leads to a coarse rendering, while if there are too many color
gradients, then an image may appear too colorful and hence con-
fusing. The latter case is probably more acceptable as it does not
extensively group the pixels and hence provides a better resolution.
Fig. 3. Another random segment of 550 pixels in length (about 4.5 mm) from the
left image in Fig. 2 plotted in Matlab. The differences between the core, the coating,
and the background are more diffused in this presentation which is much finer than
that in Fig. 2. The pixel sizes are not kept constant in this rendering that is very
elongated along the abscissa. This is repeated through to aid visual comprehension.
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ig. 4. Presentation of an ideal case for data analysis – the values of the pixels alon
oating, and zero for the background. This would allow for easy counting of the pi
ariation is likely to be more gradual than in the scheme impeding thus straightfor

hreshold to count them in each row of the image. This threshold
hould properly eliminate the pixels that are respectively, close to
he core (too high) and the background (too low). Including these
ixels would lead to overestimating the coating thickness.

The upper threshold criterion excludes the high-value pixels
hat slowly descent from the nearly constant values that represent
he core (∼0.06 in Fig. 5). This appears relatively simple to define
ue to high density of pixels at the boundary between the core and
he coating – if the threshold is set to be at a too high value, a large
umber of such pixels would be counted leading to excessive val-
es for thickness that would contradict the visual impressions from
igs. 3 and 5.

The bottom threshold was more difficult to define as the pixels
alues moderately decrease to reach the background and are not
ensely distributed. Setting a too low threshold would not produce
o ‘suspicious’ thicknesses as it was the case for the upper threshold.
inal decision is here based on the visual assessment of the deep
lue pixels in Fig. 3 at the boundary between the coating and the
ackground. These values are the experimental error as there can
e no gradual transition between the core and the background as
he latter refers to the empty slide. It is determined that the values

elow 0.015 in Fig. 5 are not likely to be associated with the coat-

ng and the threshold was thus set above it. Clearly, this criterion
ncludes some subjectivity but it is not nearly as subjective as the
ull visual assessments of the images (described above). In addition,
hresholding on such sparse distribution of pixels may (in most

ig. 5. One-dimensional presentation of the real data along several lines as that in
ig. 4. The difference between the core, the coating and the background is clear but
radual so a threshold for removing the pixels respectively too close to the core and
he background has to be carefully defined. The shown rectangle corners the pixels
onsidered to be the coating.
arrow should be high for the core, somewhat lower and relatively constant for the
elated to the coating. The colors in the image, however, suggest that the intensity
ounting of pixels. (Colors online only).

cases) lead to incorrectly assigning one pixel (i.e. overestimating
thickness).

The rectangle in Fig. 5 thus defines the pixels associated with
the coating, and these are counted and averaged. From each row
in the image a single number can be obtained (coating thickness
at that position) and plotting these values for all rows yields the
overall homogeneity for the analyzed cutting depth. Variation of
these numbers is the deviation in the coating thickness.

Fig. 6 demonstrates this approach for four cutting depths. For
the high gain and the cutting depths of 0.5, 1 and 1.5 mm, the
distribution of pixels (or, equivalently, the variation in the coat-
ing thickness) is very uniform and only occasional spikes can be
noticed. There is no trend in the curves in Fig. 6 that would suggest
one part of the tablet being better coated than the other. Inter-
estingly, an obvious dent in the tablet due to embossing does not
seem to significantly affect the coating thickness as there are no
spikes associated with it. At the 2 mm cutting depth, the emboss-
ment is present all along the imaged area but the image is still
analyzable. The embossment causes more frequent appearance of
the spikes (due to the accumulation of the coating material) and
also makes the tablets more susceptible to the appearance of arti-
facts. Therefore, the embossment certainly diminishes prospects of
accurate analysis but does not prohibit application of the method-
ology described here.

The coating thicknesses determined via this method for three
tablets at four cutting depths are summarized in Table 1.

The data from Fig. 6 show that the thickness of the coating is
larger at the top of the tablet than at the edges. For the 3% and 4%
weight gains the same coating thicknesses are essentially obtained
– the difference between the two values is much smaller than the
error of the average so according to this approach the coating pro-
cess probably can be considered complete at the 3% weight gain.
This holds not only for the global average of all values but also for
the individual thicknesses at the individual cutting depths. In all
likelihood, there should be a small difference between the coating
thicknesses between the 4% and 3% weight gains but the applied
methods are not sensitive enough to identify it.

The associated errors in pixel homogeneity appear very rea-
sonable. Note that the minimal measurement error of one pixel
corresponds to 8 �m. The numbers in Fig. 6 hence suggest that the
applied image analysis introduces some additional errors but in
turn it provides a comprehensive overview of the coating thickness
across a large area on a tablet. The errors increase with the increase
in the cutting depth due to the problems introduced by the emboss-

ment. When all the cutting depths are averaged however, the errors
seem to remain constant, about 10 �m or somewhat more than
one pixel. Despite being obtained on very different samples, many
of these findings are similar to those reported by Laksmana et al.
(2009).
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Fig. 6. Examples of the variation in the coating thickness for all four cutting depths. The thicknesses reported for various cutting depths are respectively obtained as the
mean and standard deviations from the one-dimensional presentations that are obtained as illustrated in Figs. 4 and 5. The ordinates in these 1D plots are given in pixels
with one pixel corresponding to 8 �m, while the abscissas correspond to the Y-axis in the images. The images differ because for each experiment the tablet is moved in and
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ut of the microscope and no effort is made to analyze exactly the same area. Furt
he averages are calculated across large parts of tablets (∼5 mm, or along ∼600 pix
he flatness of the edge of the tablet and causes large variation in thickness due to
hiseling.

. Discussion and summary

With regards to the image analysis, the most desired situation
ould be to use an algorithm for automated decision on the

oundaries on both sides of the coating. Such an algorithm would
ctually double-threshold the coating-related pixels which is not a
rivial operation and related software may not be easily accessible.
his type of image-segmentation problem is frequently encoun-
ered in computer vision. While detailing on it is clearly beyond
he scope of this study, an application of one of the computational
pproaches in that field is warranted and comparing its results

ith the above operator-assisted thresholding is certainly valu-

ble. Here, so-called ‘Hill-climbing’ approach (Russell and Norvig,
003) is tested via the ‘HillClimbingSegment’ function kindly
hared by its author from the Nanyang Technological University,
hina, and freely downloadable from the Matlab-users-forum

able 1
ummary of the coating thicknesses for the three tablets at four weight gains, cut at four d
rumbling during the chiseling. The results are given in microns as mean ± standard devi

Cutting depth (�m) 1% Gain

500 20 ± 10 20 ± 10
1000 25 ± 10 25 ± 11
1500 30 ± 13 29 ± 14
2000 – –

2% gain
500 19 ± 8 27 ± 9

1000 25 ± 12 34 ± 11
1500 34 ± 13 39 ± 12
2000 33 ± 13 36 ± 15

3% gain
500 34 ± 9 33 ± 8

1000 37 ± 8 39 ± 11
1500 44 ± 11 43 ± 10
2000 46 ± 15 44 ± 12

4% gain
500 30 ± 9 28 ± 8

1000 35 ± 9 35 ± 9
1500 42 ± 11 42 ± 12
2000 45 ± 13 45 ± 13
re, the variation in the covered area is considered to be of no importance because
he 2000 �m cutting depth passes across the embossment which negatively affects
cumulation of the coating and some physical damage to the tablet in the course of

(http://www.mathworks.com/matlabcentral/fileexchange/22274
and references on that page).

Briefly, ‘HillClimbingSegment’ transforms an image (normally
a 3D array) into a more analyzable form and then provides the
seeds for the k-means method to determine the clusters of pix-
els in it. Once the pixels are classified through the k-means, they
are reverted back to form an image that is now transformed into a
combination of clusters. This leads to a significant simplification of
the visual appearance with one color per cluster (the same effect is
achieved with counting the pixels between the thresholds defined
in Fig. 5). In this case, the acceptable outcome is a three-color image

in which the coating part is to be analyzed and its parameters com-
pared with the data in Table 1.

The software used has only one input that determines the inter-
nal re-arrangement (binning) of the data before the seeding and
clustering are executed and image reformed. Depending on this

epths. The 2000 �m cut for 1% gain produced erratic results due to the thin coating
ation (std).

Overall mean ± std

19 ± 9
27 ± 12 23 ± 11 (500 and 1000 only)
31 ± 12

–

27 ± 10
32 ± 12 33 ± 12
38 ± 16
36 ± 14

33 ± 8
38 ± 9 40 ± 10
41 ± 12
47 ± 13

33 ± 7
38 ± 9 39 ± 11
41 ± 11
47 ± 17

http://www.mathworks.com/matlabcentral/fileexchange/22274
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ig. 7. Several outputs from an application of a Hill-climbing algorithm for segmen
ituation. The parameters of the layer next to the core in the four-layers image are p
he fourth layer may be considered an ignorable mathematical artifact (although th

icrons, with the elongation along the abscissa.

arameter, several outcomes are possible, as described in Fig. 7.
pparently, one of these images corresponds to the expectation
hile the rest contains too many or too few layers. Presence of too
any layers, however, does not necessarily signify a failure of the

nalysis. For example, the parameters of the coating layer (mean
nd std) are the same for the three- and four-layers images in Fig. 7
o the fourth layer simply relates to inaccuracies in clustering the
ackground and not the coating layer.

Comparison between the results from Table 1 and those
btained by ‘HillClimbingSegment’ routine are given in Table 2
or several tablets. In general, the agreement is excellent for both

eans and std-s for most of the images (above 500 �m cutting
epth for 2–4% weight gain). With the increase in the thickness
he numerical definition of the layers becomes more favorable for
nalysis resulting hence in a very good agreement between the two
pproaches. For the less-well defined layers, there are differences
nd occasionally HillClimbing-based algorithm fails to recognize
ayers in the tablet in a meaningful way. This mostly refers to the
00 �m cutting depth and low weight gain. Such samples were
haracterized with relatively large errors in Table 1 too so it is
ot surprising to find discrepancies here. In conclusion, there is
very good agreement between the fully automated software for
etermining the layers and the described vision-based approach

eading to promising options for fully automated, no operator-
ssisted analysis.

Principal component analysis (PCA), a well-known and often
pplied statistical method in various fields of science, is tested
ere too with the idea that the cluster of mid-range points may
e described by a single principal component leading to a sepa-
ate image of the coating layer. Attempts with several raw images

roved to be surprisingly unsuccessful. Nothing even remotely sim-

lar to Fig. 7 emerged from PCA.
With regards to the hardware, the key positive characteristics

f the method described here are its simplicity and (very) low cost.

able 2
omparison of coating thicknesses for some tablets (in microns) in Table 1 with those ob
ation of layers.

2% Gain
Cutting depth (�m) From Table 1 Via segmentation alg

500 19 ± 8 24 ± 10
1000 25 ± 12 27 ± 11
1500 34 ± 13 –
2000 33 ± 13 33 ± 16

3% Gain
500 34 ± 9 37 ± 8

1000 37 ± 8 37 ± 8
1500 44 ± 11 42 ± 9
2000 46 ± 15 46 ± 16
mages (‘HillClimbingSegment’). The middle image corresponds to the real physical
ally the same as of the corresponding layer in the middle image so the presence of
t be checked on a case-by-case basis). As above, each pixel on the axes stands for 8

Every step in the analysis is firmly and reliably controlled with very
transparent results which thus can serve as a standard for com-
parison in case more advanced methodologies (such as X-ray or
TeraHz tommography) are employed in parallel. The key negatives
are obvious – it is a manual approach, destroys the samples, and
does not provide a 3D perspective. In fairness though, it should
be said that ‘manual’ here actually does not involve any labor or
attendance of the operator.

The cutting is trivial to conduct and any chiseling instrument can
be used to section the tablets (the ultrasonic chisel employed here is
actually manufactured for specific purposes that go far beyond sim-
ple cutting). The exact cutting depth may be of no importance. Here,
it was possible by default to precisely determine the cutting depths
but cutting at arbitrary depths may be quite sufficient, depending
on the sophistication of the analyzed material. Clearly, the coat-
ing layer in tablets is just one possible application amongst various
other layered materials in pharmaceutical industry (such as beads
and functional coatings).

The microscopy is also easily carried out and the obtained
images can be exported and analyzed by the most efficient software
tools and not only visually assessed.

Finally, the key element of the approach here is the auto-
mated image analysis. The relatively simple clustering problem
met here may be swiftly addressed by an imaging expert familiar
with such applications. Frequent usage in an industrial environ-
ment would, however, require routines such as the algorithm
described here that are user-friendly and simply executable. ‘Hill-
ClimbingSegment’ routine proved to answer both of these and
presented itself as a possible solution for automating image
analysis. Even in the absence of such software, as thoroughly

described above, quite simple, Matlab-based determination of
thresholds without using any particular algorithm may lead to
comprehensive image analysis. Therefore even without further
refinements on this matter, which are certainly attainable, there

tained via using Hill-climbing-based algorithm for completely automated determi-

orithm From Table 1 Via segmentation algorithm

27 ± 9 33 ± 10
34 ± 11 34 ± 11
39 ± 12 38 ± 10
36 ± 15 37 ± 15

33 ± 8 40 ± 10
39 ± 11 38 ± 12
43 ± 10 43 ± 11
44 ± 12 44 ± 12
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Zeitler, J.A., Taday, P.F., Newnham, D.A., Pepper, M., Gordon, K.C., Rades, T., 2007a.
Terahertz pulsed spectroscopy and imaging in the pharmaceutical setting – a
review. J. Pharm. Pharmacol. 59, 209–223.
S. Šašić / International Journal o

s a very good prospect for minimally subjective image analy-
is.

The combination of the three elements (chisel, microscope,
oftware), leads to a quick and inexpensive assessment of the
oating thickness. In an optimized/well established process, it
hould take several minutes to respectively chisel, image, and
nalyze.

The same tablets were also analyzed by the X-ray and TeraHz
omography. Preliminary comparison shows very good agreement
etween the X-ray data and chisel/image analysis while the TeraHz
echnology could not be purposefully employed due to the layer
hickness being below its limit of detection.
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