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1Sensum, Computer Vision Systems, Tehnološki park 21, 1000 Ljubljana, Slovenia
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Abstract

A model based visual inspection of pharmaceutical
tablets is proposed for the detection of surface defects
that occur during the tableting process. A novel RB-BR
photometric stereo configuration is used to obtain four
images for every tablet at different lighting orienta-
tions. During the inspection, reconstructed 3D depth
maps derived from acquired images are compared to
the tablet model, obtained during the training phase.
Inspected tablets are classified as defective if the differ-
ence exceeds a predefined threshold. The approach was
tested on two sets of tablets and compared to the cur-
rent state of the art methods. The results yield 89 %
and 87 % successful defect detection rate for tablets
without and with embossing, respectively.

1 Introduction

Tablets are the most common pharmaceutical solid
dosage form being produced by well established phar-
maceutical manufacturing processes. Tablet formation
is performed by dedicated tablet presses where a mix-
ture of one or more active substance and excipients
in the form of a powder, granules or pellets is filled
into a die, followed by the combined pressing action of
two punches turning the powder into a tablet of a uni-
form size and weight. Modern tablet press machines
have production rates of more than 250.000 tablets per
hour, depending on the tablet size, shape, material and
press configuration.

High rate production often results in high number
of tablet defects in the batch. For example, the com-
pressed material sometimes adheres to the surface of a
tablet punch and consequently affects the form of the
tablets being compressed afterwards. Defective tablets
enter the following production stages, such as tablet
coating and packaging which can compromise whole
batches of tablets. This can lead to great financial
losses, wasted production time, and delays in deliver-
ies.

In 2004, the Food and Drug Administration intro-
duced a Process Analytical Technology (PAT) initia-
tive, which encourages the pharmaceutical industry to
employ new in-line and on-line quality measure tech-
niques in order to measure critical process parameters
with the purpose of quality assurance and better pro-
cess understanding. Since then, many PAT techniques
have been developed and applied to the pharmaceutical
industry. For example, digital imaging techniques have
been successfully used for measuring coating thickness
of the pellets during the coating process [1] and for
the automated visual inspection of tablets during the
tablet coating process [2].

Following the PAT initiative, same principles could
be used for monitoring the visual appearance of the

pharmaceutical tablets during the tableting process.
In this way, the defects could be detected immediately
after the tablet compression production stage and re-
moved from the following processes. Additionally, the
immediate feedback to the tablet press operator could
prevent further defects. For that reason, automated vi-
sual inspection of pharmaceutical tablets should be in-
tegrated into the tablet press machines and should per-
form inspection of the tablets on-line, while the tablets
are being produced.

Most commonly, tableting defects occur on one of
the two faces of the tablet. They can be divided into
appearance defects and surface defects. In general, ap-
pearance defect detection is an easier and already ex-
plored topic, providing many effective developed algo-
rithms [3, 4]. On the other hand, surface defect detec-
tion and its reliability is a much more difficult task as
these defect are sometimes hardly visible. In partic-
ular, the defect detection must take into account the
imprints or embosses that might appear on one or both
tablet faces, which introduces additional challenges.

Existing methods [3, 4] simultaneously detect both
types of defects from the same image, which often
yields poor results for the surface defects. We propose
a novel method, which employs a photometric stereo
technique in order to separate the appearance and the
surface geometry information of the tablet. We show
that the detection of the surface defects can be im-
proved that way.

2 Methods

Model based visual inspection requires a model defini-
tion for the samples without defects. During inspec-
tion, each sample is compared to this model. If the
difference exceeds a predefined threshold, the sample is
regarded as a defective. Our tablet analysis is divided
into a training phase and an inspection phase. In the
training phase, a model of an ideal tablet is created.
Inspected samples are then compared to this model
during the inspection phase. Layout of the training
and inspection phase is illustrated in Figure 1 and fur-
ther explained in the next sections.

2.1 Image acquisition

The standard photometric stereo technique utilizes
three or more image snapshots of the observed object
under different lighting conditions [5]. By assuming
the Lambertian reflectance model the surface normal
and the albedo can be estimated. Furthermore, from
the estimated surface normals, 3D information of the
object can be obtained using an appropriate surface
reconstruction method [6].

The acquisition of three or more consequent images
could be problematic, when the observed object is mov-
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Figure 1: Main processing steps required by the pro-
posed approach. The tablet analysis procedure is di-
vided into a training phase and an inspection phase.
During the inspection phase, inspected samples are
compared to the ideal model of the tablet, created in
advance during the training phase.

ing. This problem can be overcome by photometric
stereo with colored light sources [7]. In this way, the
red, green and blue light sources and a standard color
camera with three independent color channels can pro-
vide information on the three illumination scenes in
a single snapshot. The drawback of this approach is
the need for calibration with a reference surface mate-
rial, whose color needs to exactly match the color of
the imaged objects and is limited to uniformly colored
surfaces.

We propose a photometric stereo configuration based
on two temporally separated pairs of red-blue lights
(RB-BR) (Figure 2). Such configuration represents a
good compromise between the standard and the color
photometric stereo as it allows acquisition of moving
objects of different color, with the exception of colors
that would yield no response to the red or blue illumi-
nation sources.

The RB-BR photometric stereo configuration com-
prises two pairs of red and blue illumination sources.
Compared to classical color photometric stereo, there
is no green light source, because in practice, the green
light source yields a response on both the blue and
the red camera channel, which is one of the reasons
for the aforementioned limitations of the color photo-
metric stereo. The RB-BR light sources have to be
positioned in a way, so that the blue light in the first
sequence is opposite to the blue light in the second se-
quence and that the red light in the first sequence is
opposite to the red light in the second sequence. Ide-
ally, the lights are aligned with the camera axes.

The RB-BR photometric stereo configuration re-
quires two sequential color image acquisitions in order
to obtain four images of the same scene illuminated
from four different orientations. During the first ac-
quisition, only the first RB pair is turned on and dur-
ing the second acquisition, only the second RB pair is
turned on. Therefore, in order to be able to use this
configuration with dynamic scenes, the consecutive im-
ages should be acquired within a narrow time interval.
Many of the modern CMOS cameras allow such acqui-
sitions in less than 200 µs by using the overlapping
shutter mode. Acquiring more than two sequential im-
ages in contrast is currently limited to only high end
super speed cameras which are relatively big and too
expensive for most of the machine vision applications.

2.2 Tablet segmentation

The tablet segmentation starts with an estimation of
the tablet center using a simple thresholding scheme.
According to the tablet center, a border tracking al-
gorithm is used to segment the region of the imaged
tablet, providing a contour and mask of the imaged
tablet [8]. High contrast between the tablet and the
background is required for this step. All further anal-
ysis is performed only on segmented tablet regions.

2.3 Surface normals calculation

When light sources are aligned with camera axes, for
example blue lights with the horizontal camera axis
and red lights with the vertical axis, the horizontal and
vertical components of the surface normals (Nx, Ny)
are calculated separately by solving two light pho-
tometric stereo equations (1) for both pairs of light
sources, whose directions (L) are determined in ad-
vance during the photometric calibration.

[Iblue1 Iblue2 ] = ablueNx

[
Lxblue1

Lxblue2

]
[Ired1 Ired2 ] = aredNy

[
Lyred1

Lyred2

] (1)

Additionally, blue and red surface albedo compo-
nents (ablue, ared) are obtained.

2.4 3D reconstruction

Many methods for 3D reconstruction based on surface
normals have already been introduced. Proposed ap-
proach employs the path integration procedure, which
satisfies the speed requirements of our application.
This method integrates horizontal and vertical nor-
mals, row by row and line by line, respectively. If the
tablets are imaged in defined face position, the height
of tablet border is known and the integrated line paths
are shifted and rotated in order to fit the border points.
In this way, two depth maps are obtained. The aver-
age of the two depth maps reduces the reconstruction
error.

2.5 Orientation determination

Modeling of the embossing information requires tablet
orientation determination in terms of face position and
rotation. The circular profile matching was used for ro-
tation determination [9]. The side position determina-
tion was simply performed by rotation estimation for
both sides of the model, where higher matching score
indicated the face position.
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2.6 Model generation

The 3D tablet model consists of two separate depth
maps, one for each face. Model is generated during
the training phase by averaging the registered depth
maps of the tablets from the training set.

2.7 Analysis

The final analysis is performed by subtracting each re-
constructed depth map of the inspected tablet from
the registered depth map of the model. The maximal
difference is used as a similarity measure between the
inspected sample and the model. Sample deviation
from the model above predefined threshold classifies
the sample as defective.

3 Experiment

3.1 Experimental setup

A rotary bowl feeder was used for sorting the mass of
tablets into an ordered row, which simulates the output
of the tablet press machine. An imaging system, based
on the described RB-BR photometric stereo configura-
tion, was built and positioned at the output of the bowl
feeder (Figure 2) in order to image every tablet). Red
and blue illumination sources, composed of high power
LEDs, were connected to a LED driver. A microcon-
troller (ATmega32u4) was used for the synchronization
of the illumination sources with a camera (acA2040-
25gc) running in the overlapping shutter mode. Addi-
tionally, linear polarizers (Edmund optics) were placed
in front of the illumination sources and the camera for
specular reflection suppressions, which is essential for
the correct estimation of the surface normals. Image
analysis was implemented partly in python and partly
in C++ programming language.

3.2 Calibration

Calibration of the photometric system was performed
as follows. Illumination directions were first calculated
from the locations of light spots on a metal sphere.
Linear polarizers on the illumination sources were than
rotated until all the spots disappeared. Next, a white
plane was imaged in order to determine the gains of
individual light sources. Finally, the pixel size (0.03
mm) was determined by measuring the distance be-

Input

Camera

Rotary bowl feeder

Red 1

Red 2
Blue 1

Blue 2

Output

Figure 2: Output of the tablet press was simulated
by a rotary bowl feeder. RB-BR photometric stereo
configuration was used for the acquisition of two color
images of each tablet, from which a 3D depth map was
reconstructed and compared to the model.

tween the corners on an imaged chessboard calibration
pattern.

3.3 Tablets

Two samples of tablets were used in the experiment
(Figure 3). The first sample consisted of 191 white
tablets without embossing (154 without defects and 37
with surface defects). The second sample consisted of
382 white tablets (185 without defects and 197 with
surface defects). Surface defects were created manu-
ally, and were similar to those that can occur during
the tableting process.

(a) (b)

Figure 3: Rendered 3D models of both tablet samples
used for the experiment. The first sample consisted
of tablets without embossing and the second sample
consisted of tablets with embossing. The 3D models
were generated during the training phase.

3.4 Validation

Tablets of both samples were divided into training sets
and inspection sets. Training sets were composed of
only good tablets and were used for the training phase
to build tablet models. The training sets of tablets
without and with embossing consisted of 20 and 40
tablets (20 per each face) respectively. Rest of the
tablets were used for the inspection where all tablets
were first manually inspected and classified as good or
bad ones. For the comparison, the tablets were also
imaged while being illuminated with all four lights at
once and the resulting intensity images were analyzed
with the reference approach [3]. Orientation of the
tablets was determined on depth maps for both the
proposed method and the reference method.

4 Results and discussion

Receiver operating curves (ROC) were used for pre-
senting the results obtained by the proposed method
based on photometric stereo and the reference method
based on features (s1 − s5) derived from a single in-
tensity image (Figure 4). The proposed method, com-
pared to the reference method, yields increase of true
positive rate from 0.46 to 0.89 at 0.05 false positive
rate for the tablets without embossing and increase
from 0.57 to 0.87 for the tablets with embossing. In
order to achieve such results, detection thresholds have
to be set to 0.048 mm and 0.063 mm for the tablets
without and with the embossing, respectively. In other
words, we were able to correctly detect 89 % and 87 %
of all surface defects deeper than 0.048 mm and 0.063
mm while wrongly detecting 5 % of good tablets as
defective ones. The presented results show, that the
proposed method outperforms the reference method,
which does not use the 3D image information and re-
lies solely on image intensity information. Examples
of correctly detected defective tablets are showed in
Figure 5.

Note that the imaging setup used for the acquisition
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Figure 4: ROC curves, showing the detection performance of the proposed method based on 3D information in
comparison to the approach based on features (s1 − s5) derived from the intensity image [3]. Tablets without the
embossing (a) and tablets with the embossing (b). True positive rates at 0.05 false positive rates are also showed
for the proposed method and the best performing features of the reference method.

of the intensity images that were analyzed with the
reference method differed from the one used in [3] and
might have affected the obtained results. Additional
evaluations will therefore be performed in the future.
The proposed method will also be compared to the
method presented in [4].

A shortcoming of the presented photometric stereo
configuration is a limitation to objects of colors that
yield at least some response toward red and blue
lights and whose surface exhibits Lambertian or quasi-
Lambertian properties. This is rarely an issue for
pharmaceutical tablet production applications as the
tablet press input material is generally diffuse and
white shade colored.

Various technical issues, that we didn’t address in
this work, also need to be solved before implementing
the proposed inspection approach, such as finding a
solution that will enable acquisition of both tablet faces
and designing an appropriate tablet sorting mechanism
for example.

(a) (b)

Figure 5: Rendered depth map of an inspected tablet
with a defect together with rendered error depth map,
obtained as a difference between the depth map of a
tablet model and the inspected tablet. Tablet without
the embossing (a) and tablet with the embossing (b).

5 Conclusion

This work presents a model based automated visual
inspection of pharmaceutical tablets with surface de-
fects that occur during the tableting process using a
novel RB-BR photometric stereo technique. Although
the method was originally designed for pharmaceutical
tablets, it can be applied to similar objects in other in-
dustries.

The method can be further extended for the de-
tection of appearance defects by separately analyzing
the albedo components, already obtained by the pho-

tometric stereo technique. Advances in rapid image
acquisition of three or more sequential images in very
short time are needed, allowing the use of standard
photometric stereo techniques with white illumination
sources enabling the object inspection regardless of its
color.
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