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Abstract: The manufacturing of production machinery for the tobacco industry is an area in which particularly intensive research
and development works are carried out aimed at increasing the quality of products in accordance to the zero-fault policy, while
ensuring high production efficiency. Achieving the highest process parameters is possible thanks to innovative optomechatronic
technologies. The review of selected key achievements in the field of optomechatronic technologies and our own achievements
presented in the article include methods and inspection systems used for quality inspection in the tobacco industry, as well as
other industries where similar or analogous problems of detecting and identifying product defects occur. As examples of the
authors’ research and implementation achievements presented are advanced optomechatronic systems for the inspection of
tobacco semi-finished products. Cognitive problems and technical barriers as well as methods of solving them are presented.
The developed systems meet the highest requirements in terms of accuracy and speed of measurements. Their qualities were
confirmed during tests in industrial conditions.

The summary presents the main trends in the implementation of innovative optomechatronic technologies for the inspection of
products in mass production in the tobacco industry and other areas of the economy, as well as the directions of further research
and development carried out by the authors.

Innowacyjne technologie optomechatroniczne w przemysle tytoniowym

Stowa kluczowe: przemyst tytoniowy, kontrola jakosci, technologie optomechatroniczne.

Streszczenie: Branza maszyn produkcyjnych dla przemystu tytoniowego jest obszarem, w ktérym prowadzone sg szczegdlnie
intensywne prace badawcze i rozwojowe ukierunkowane na podwyzszanie jako$ci wyrobow zgodnie z zasadg ,zero brakéw”
przy jednoczesnym zapewnieniu wysokich wydajnosci produkcji. Osiggniecie najwyzszych parametréw procesu umozliwiajg
innowacyjne technologie optomechatroniczne. Przedstawiony w artykule przeglad wybranych najwazniejszych osiagnie¢ w ob-
szarze technologii optomechatronicznych oraz wtasnych dokonan w tym zakresie obejmuje metody i systemy inspekcji zasto-
sowane do kontroli jakosci w branzy tytoniowej, a takze innych branzach, gdzie wystepujg analogiczne lub zblizone zagadnienia
wykrywania i identyfikacji wad produktéw. Jako przyktady autorskich osiagnie¢ badawczych i wdrozeniowych przedstawiono
zaawansowane systemy inspekcji optomechatronicznej pétproduktow tytoniowych. Zaprezentowano wystepujace problemy
poznawcze i bariery techniczne oraz metody ich rozwigzywania. Opracowane systemy spetniajg najwyzsze wymagania
w zakresie doktadnosci i szybko$ci pomiaréw. Ich walory zostaty potwierdzone w trakcie testow w warunkach przemystowych.
W podsumowaniu przedstawiono gtéwne trendy we wdrazaniu innowacyjnych technologii optomechatronicznych na potrzeby
inspekcji wyrobéw w produkcji masowej w branzy tytoniowej oraz innych obszarach gospodarki, a takze kierunki dalszych prac
badawczo-rozwojowych prowadzonych przez autorow.
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Introduction

The level of production efficiency depends, to
a large extent, on the efficiency of production processes,
the quality of manufactured products, and production
costs. Traditional solutions based on organoleptic or
mechanical quality inspection of products, especially
in mass production processes, do not ensure the
achievement of zero-fault requirements. The main
limitations relate to the accuracy, repeatability, and speed
of inspection, which is a critical barrier in the production
processes, for example, with a capacity of thousands
of pieces per minute. Overcoming these limitations is
possible through the use of innovative optomechatronic
technologies [1-4].

The manufacturing of production machinery for the
tobacco industry is an area in which particularly intensive
research and development works are carried out that are
aimed at solving the mentioned problems, but only a few
available publications present scientific and research
achievements in the field of automated inspection of
mass-produced goods of this industry. This is mainly
due to formal limitations conditioned by agreements
between the creators of innovation and the implementing
unit or due to business secrets determining the possibility
of disclosing the details of the developed methods and
construction solutions of inspection systems, which
is related to the competition among the global tobacco
companies. However, the number of patents that protect
the developed solutions is significant, confirming the
intensity of research, development, and implementations
carried out in this field in the tobacco industry. The
analysis of many properties of tobacco products, such
as dimensions, heterogeneous structure, colours, and
interaction with light shows that, from the point of view
of possible applications of optical inspection methods,
they are similar to many food and pharmaceutical
products, as well as fabrics or plastic products. Therefore,
the review of selected key achievements in the field of
optomechatronic technologies presented in the article
covers inspection methods and systems used for quality
inspection in selected industries where similar or
analogous problems of detecting and identifying product
defects occur.

Depending on the specifics of mass-produced
goods, in order to detect existing defects, different
techniques of spectroscopy in the range of the optical
spectrum, from infrared to ultraviolet, are used, making
use of the effects of the interaction of light with the
tested material, e.g, transmission, diffusion with a partial
reflection in the structure of the material, and directional
reflection [5]. Wide possibilities of the application of
optical inspection methods and the configuration of
vision systems dedicated to quality assessment tasks,
e.g., agricultural products, have been confirmed, among
others, in the works [6—7]. Optical inspection methods
are used, among others, to inspect the quality of tobacco

leaves [8]. The area of research and development,
which is characterised by a significant similarity of the
problems being solved, is the inspection of the quality
of textiles [9-10]. An important aspect of the quality
inspection of mass-produced goods indicated in these
works is the creation of a defect database to support
the automatic process of product inspection. Imaging
in the near-infrared, ultraviolet spectrum, and the use of
hyperspectral cameras enables the detection of features
and defects of products that are not perceived by the
human eye [11-13]. The new direction of research is
the use of terahertz imaging for inspecting material
structures, food, pharmaceuticals, and tobacco [14].
However, the basic limitation of currently available
inspection systems in the non-ionizing terahertz
band is the low imaging resolution of 1-2 mm [15].
The possibility of using terahertz imaging to assess
the density of the tobacco, the filter segment, and the
water content [16] was experimentally confirmed.
An interesting method of detecting air bubbles with
dimensions greater than 1 mm in silicone rubber using
laser lighting, while moving at a speed of up to 8 m/s,
but with a significant measurement error, is presented in
[17]. At the initial stage of the development of tobacco
product inspection systems, the technical level allowed
the detection of only some defects of products, e.g., the
lack of a component in the final product [18—19]. A vision
system for inspecting the cigarettes to detect cracks and
defective cuts (v-cut) with a yield of up to 12,000 pcs/
min is presented in paper [20]. To inspect the geometric
dimensions and shape of the final product, as well as the
filters and the tobacco segments, laser scanning systems
are used that apply vision systems with structured light
[21]. A very difficult issue in accurate measurements of
the position of tobacco segments is the blurring of the
image of the edge of the segment due to the phenomenon
of scattering and the inadequate contrast of the image. To
solve a similar problem, concerning detection of defects
in the polarizing filter, dedicated edge-of-light lighting
was used [22]. In high-throughput processes, the key to
determining the effectiveness of the inspection system
is to ensure high accuracy in detecting defects and high
inspection performance. For this purpose, high-speed
cameras and high-performance image processing and
analysis algorithms are used. For example, detecting
defects of sizes from 2 mm x 2 mm at a rate of up to
3,600 pcs/min in the bottle inspection system has been
achieved by applying edge points double classifying
and least squares fitting algorithm [23]. Achieving
very high efficiency of the inspection process, in the
range of several thousand per minute, requires the use
of fast cameras and simple yet efficient algorithms
for image processing and analysis, real-time systems,
and concurrent processing [24]. For example, simple
algorithms that perform edge detection and histogram
analysis were used to effectively inspect surface defects
in the grinding process [25]. The real-time system for



Journal of Machine Construction and Maintenance | 3/2018

25

automatic quality inspection of fibre-reinforced plastics
(FRPs), using the LabVIEW RT module and the FPGA
image processing module, is presented in [26]. There
are no reports presenting the issues of the speed of
communication between the inspection system and
equipment included in the technological line and its
impact on the efficiency of the inspection process.

The issues of designing the vision systems for
quality inspection in manufacturing processes as well
as the implementation of developed prototype systems
are presented, among others, in the works [2, 27-28].
Optical modelling, including the analysis of light
interaction with the surface under study, the selection
of appropriate lighting techniques, and simulation
tests, is an indispensable preliminary step in the
design of vision systems [29]. 3D imaging systems
using 3D laser scanning, stereovision, the shape from
focus (SFF) method, and the currently developed
time of flight (TOF) method are used to inspect the

quality of three-dimensional parts [30]. In the process
of producing cigarettes, inspected are the filters with
flavoured capsules located inside, among others. One
of the patented solutions for measuring the position
of the capsule is the use of microwaves [31]. Quality
inspection in the production of tobacco products also
includes the verification of the completeness of the
packages and the correct placement of cigarettes [32].
An overview of the current state of optomechatronic
technologies used in vision inspection systems and the
latest development trends, including inspection in three
dimensions, the standardisation of interfaces of machine
vision system components, increasing integration
in the scope of construction and software, and the
application of hyperspectral imaging are presented in
industry materials [33]. Using literature analysis and the
experience of the authors of the article, typical defects
of tobacco products and methods of their detection are
presented in Table 1.

Table 1. Methods for detection of defects of tobacco products within the production process

Product Defect/Parameter Method Accuracy Inspection State of the Author
rate method
. Refiective optical Unknown Unknown —_ [18]
Final sensor Applied in
Lack of filter .
product ] . production
Fibre optic sensor Unknown <4 ms/pc [19]
Transmissive
Final Lack of tobacco infrared sensor Unknown Unknown Applied in [18]
product segment . production
Induction sensor Unknown <4 ms/pc [19]
Multi- Alignment of tobacco | Transmissive laser Applied in
segment g Unknown Unknown PplieC [34]
filters sensor production
filter
Final Lack of foil Induction sensor Unknown <4 ms/pc Applled_ n [19]
product production
Wrapper (damage,
Final alignment) Vision inspection Unknown Unknown Applleq n [35]
product production
Lack of filter segment
. V-cut -
ch:(rj]ilct Vision inspection 99.99% 12,0:]?an5/ Aﬂ;gig(‘): [20]
P Crack p
Final Vision inspection A0DIOX
Ovality with structural Pprox. 600 pcs./min | Experimental [21]
product A 0.2 mm
lighting
Lack of capsule Applied in
Filter Microwave sensor Unknown Unknown ch))zuction [31]
Capsule alignment P
Tobacco .
segment Structure density Terahertz imaging Unknown Unknown Experimental [16]
. Water content
Filter
Pack of 3D vision o .
products Shape of the pack inspection 0.2 <3 sec/pc Experimental [32]
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The increasing role of optomechatronic
technologies in enhancing the level of innovation in
industry, including the tobacco industry, has been
indicated in the priority strategies for the development
of research and development works. Strategic, tactical,
and operational barriers existing in practice at various
levels of management have been identified and analysed
in the field of optomechatronic technologies [36].

1. Examples of applications of innovative
optomechatronic solutions in the tobacco
industry

Research and development works aimed at
applying innovative optomechatronic technologies in
the tobacco industry are conducted at the Institute for
Sustainable Technologies National Research Institute in
Radom in close cooperation with International Tobacco
Machinery Poland. The high efficiency of implemented
projects is ensured by a systemic approach based on the

Misaligned segments

methodology of work implementation in subsequent
stages, including the following: feasibility study,
development research, and the implementation process
of the developed and verified prototype. The results of
joint projects include a filter alignment inspection system
in the process of the assembly of combined filters and
the system of optical inspection of tobacco rods.

1.1. System for inspection of filter segment
alignment

In the production process of multi-segment filters
(combined), there is a problem of the misalignment of the
segments before they are glued in the paper wrapper and
cut into packets. The process of transporting segments
takes place at a speed of around 500 m/min. Currently,
manufacturers use shorter and shorter segments, whose
length (dimension in the axial direction) is close to their
diameter. For such proportions, there is the risk of the
segment rotating in such a way that its axis will be non-
parallel (Fig. 1).

7+8 mm
+—>

IS+6 mm

V =500 m/min

Fig. 1. Sample layout of filter segments with indicated incorrect alignment

The developed inspection system enables the
detection of filter segments in various inverted positions
in the stream of transported segments [37]. The laser
scanning method was used to identify the position of
the segment (Fig. 2). The minimum scanning resolution
adopted along the filter segments is approx. 2 mm,

Production line’s
control system

Fig. 2. Diagram of the system for filter position inspection

which ensures a minimum of 2 profiles for each scanned
segment at a maximum speed of a stream of 500 m/min.
The system ensures the high accuracy of segment profile
measurements of 20 micrometres.

The sample images of scans of the stream of filter
segments recorded using the laser head are shown in Fig. 3.

Laser scanning head

Filter segments

Segment transporter
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Speed of the stream: 100 m/min,
Scanning rate: ca. 4.4 kHz,
Scanning step: ca. 0.38 mm,

2 segments positioned incorrectly

1767 168

—_— T
‘ l i :5. 1 i | 4.:'!\
o 2150)

-3.549
Speed of the stream: 500 m/min,
Scanning rate: ca. 4.4 kHz,
Scanning step: ca. 1.9 mm,
3 segments positioned incorrectly

Fig. 3. The sample images of scans of the stream of filter segments with indicated misaligned segments

The images were obtained as a result of the assembly
of subsequent registered 2D profiles with a scanning step
of approx. 0.4 mm and approx. 1.9 mm, respectively. In
the second case, the scanning resolution along the travel

a)
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__g. 05
~
0.5 4
-154 (
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|0 6.0 4.0 20 0.0 20 4.0 6.0 8.0
X [mm]
Fig. 4.

in which the analysis is performed)

The first three examples concern the situation of the
incorrect positioning of the filter segments, for which
there is a large deviation between the scanned current
profile (blue) and the registered reference profile (red).
The reason for this situation may be the rotation of
the segments (Figs. 4a, 4b) or the misalignment of the
segment in the vertical Z-axis (Fig. 4c). If the segment
is correctly positioned, the registered profile has a shape
and position similar to the reference profile (Fig. 4d).

An important issue in the developed system
for the inspection of the position of filter segments
is the selection and parameterisation of algorithms

axis of the filter segments is much smaller, but it still
meets the requirement of a minimum of two scans per
segment. Examples of registered single profiles of 2D
filter segments are shown in Fig. 4.

b)
Y
= ROI X:[2mm/div]
24 ~—1 _z:[1mm/div]
— 1.5
&
E os \
~
054 l
154 i
2.5 4 | 1 - v < 4
|0 6.0 4.0 =20 0.0 20 4.0 6.0 80
X [mm]
d)
o]
i "ROI X:[2mm/div]
254 Z:[1mm/div]

8.0 6.0 4.0 20 [1%:] 20 4.0 6.0 8.0
X [mm]

Sample 2D profiles of scanned filter segments (blue — current profile, red — reference profile, ROI — region of interest

for processing and analysing the recorded data. The
applied measurement system enables the registration of
profiles with a greater than required scanning frequency,
which may be, for example, 8 kHz or more, with the
limitation of the measuring range and the use of binning
mode. However, the inclusion of simultaneous analysis
of registered profiles limits the achieved maximum
scanning frequency significantly. The assumed minimum
scanning resolution along filter segments of 2 mm at
a speed of 500 m/min determines a minimum scanning
frequency of about 4.2 kHz. This means that the total
recording time and analysis of a single profile is no more
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than approx. 0.24 ms. Achieving such high efficiency
requires using the simplest yet sufficiently effective
algorithms for processing and analysing registered
profiles. The parameterisation of the measurement
system was made using a hardware controller dedicated
to the laser measuring head.

1.2. System for optical inspection of tobacco
rods

The tobacco rod is the basic component in the
production of cigarettes (Fig. 5). Its shape is similar to
a cylinder with diameter D in the range of 4 — 8 mm and
length L in the range of 40 — 160 mm. As a semi-finished
product in the production process, it is cut into two parts
that are part of the final product. Measurements of the

length of the tobacco segment are one of the priorities
in the process of inspection of the tobacco rod. The
need for such measurements has two reasons. The first
is to maintain the permissible content of nicotine in the
cigarette. The second is to minimise the manufacturer’s
losses as a result of exceeding the planned amount of
tobacco or to minimise customer complaints in a situation
where the amount of tobacco is less than the declared one.

In addition to the inspection of the geometric
dimensions of the rod, in the course of production, it is
also required to inspect the correct order of individual
segments in the rod, as well as the protrusion of the
tobacco segments and spacing between segments.
Considering the efficiency of the machine producing
tobacco rods, the inspection speed should not be less
than 5,000 pcs/min.

Q)

d

i

Fig. 5. Double tobacco rod: 1 — tobacco segment, 2 — cellulose acetate pipe, 3 — a roll of polylactate bound foil

The effect of close cooperation between the Institute for
Sustainable Technologies — PIB and International Tobacco
Machinery, Poland, is a system for optical inspection of
the tobacco rods on the transport drum. The process of the
development of the solution included a feasibility study,
model tests on a laboratory stand, development studies, and
the implementation of a verified prototype. The reasons for
the high level of difficulty in solving the problem result
mainly from the following conditions:

— High process speeds (up to 10,000 pcs/min) required
the use of highly efficient methods of obtaining
information about the inspected object and algorithms
for processing and analysis of measurement data.

a)

Camera

Telecentric lens

Tobacco rod
Transport drum

—

\‘m/I.ED iluminator (back-light)

— There was no repeatability of the geometric structure
of the tobacco rods.

— There was an interaction of light with materials
present in the product.

The developed inspection system uses an
imaging method that utilises the original back-light
LED illuminator (Fig. 6). The vision module includes
a 5 MPx camera and telecentric lens. The resolution
of the measuring system is approx. 50 um. The LED
illuminator is located inside the drum. The high value of
the luminous flux of the illuminator enables imaging in
the transmission system.

Fig. 6. Inspection method for tobacco rods: a) diagram, b) test stand: 1 — vision module, 2 — transport drum
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Fig. 7. Examples of registered images of tobacco rods

The effect resulting from the greater absorption
of light by the tobacco segment is clearly visible on
the images at the border between the rod segments
(Fig. 7). One of the factors hindering the measurements
is the possible random occurrence of the area of the
double wrapper (blue line) of the rod in the ROI in
which the position of the edges between the segments is
determined. The use of backlighting with the appropriate
light intensity allows effective detection of spacing
between individual segments (red line).

Due to the high efficiency of the production process
and the necessity to ensure the inspection of each
product (“zero fault” rule), an important issue is the time
stability of the response of the video system to the signal
triggering the inspection. In the sequential system, the
response of the inspection system must occur before the
inspection of the next product. In the developed system,
at an inspection rate of 5,000 pcs/min, subsequent
camera trigger signals occur with an interval of 12 ms

(Fig. 8).

‘.’.‘ZJ ’-\1 H

i A=12ms
-

1T

Fig. 8. An example of time sequence of the vision system response (red) to the inspection trigger signal (blue)

a)

Fig. 9. Implementation of the vision system in the Solaris machine: a) diagram of the kinematic system, b) photo of the

vision system mounted in the machine
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For measurement of the length of the tobacco
segment, the error statistics was analysed. The standard
deviation is close to 0.1 mm.

The inspection cycle should also take into account
the time of data exchange between the inspection system
and the machine control system. Such requirements have
made it necessary to use a real-time system (RTOS).

The developed vision system was implemented
at ITM Poland in the Solaris machine used for the
production of tobacco rods (Fig. 9).

The feasibility study was carried out in subsequent
stages. One of the main goals was to experimentally
confirm the maximum efficiency of the inspection

process in subsequent versions of the system in which
advanced hardware and software solutions were used
(Fig. 10). During the tests, the phenomenon of image
blur was observed for the maximum rod transport speed
in the inspection zone. The experimentally determined
image acquisition time to avoid image blurring is about
100 ps.

Obtained results of tests in industrial conditions
confirmed the achievement of the planned efficiency of
the inspection process at the level of required accuracy
and repeatability of measurements. Computed standard
deviation near 0.1 mm is stable in the full range of the
inspection rates.

Base solution

—Increasing the sensitivity in image analysis
— Multi-Threaded Programming

= Modelling the luminous flux

—Use of Real-Time System

- Use of 10GigE camera

images

— Advanced algorithms for processing and analysis of

) - Inspection rate
Version | > 3,500 pcs/min
R . .| Inspection rate
» Version Il > 5,000 pcs/min
: Inspection rate
» Version Il
=10,000 pcs/min

Fig. 10. Diagram of the completed feasibility study of the system of inspection of tobacco rods

Conclusions

Based on the analysis of the results of our own
research, development works carried out so far for
tobacco industry machines, and the state of the art,
the following main trends in the implementation of
innovative optomechatronic technologies in this area
have been indicated:

— The application of imaging methods in various
ranges of electromagnetic spectrum, including
hybrid methods enabling image fusion;

— The application of multispectral imaging;

— The development of information technologies
enabling very fast data transfer; and,

— The development of real time systems.

The use of optomechatronic technologies enables
significant improvement in the quality of tobacco
products at various stages of the technological process.
The research and development work carried out as well
as the practical verification of the obtained results made
it possible to achieve the high accuracy and repeatability
of on-line measurement results in real time, while
ensuring maximum efficiency of the inspection process.
Advanced vision systems using imaging in various

spectral ranges enable the effective detection of defects
of mass-produced goods at speeds up to 10,000 pcs/min.

The developed systems meet the highest
requirements in terms of accuracy and speed of
measurements. Their qualities were confirmed during
tests in industrial conditions. A systemic approach
consisting in applying the methodology of research and
development works was divided into stages: feasibility
study, development research, and the implementation
of the developed and verified prototype. This ensures
an effective process of knowledge transfer to industrial
practice with the minimisation of risk accompanying
innovative enterprises. Continued research and
development works are targeted, among others, at the
application of inspection methods in various ranges of
the electromagnetic spectrum, including hyperspectral
techniques and information technologies enabling
very fast data exchange between the inspection system
and process control modules. The achieved cognitive
and technical results also allow the application of the
developed solutions in many other branches of industry
and the economy producing products on a mass scale,
aimed at increasing the quality and reducing costs in
“zero fault” systems.



Journal of Machine Construction and Maintenance | 3/2018

31

References

1.

2.

10.

11.

12.

13.

Cho H.: Opto-mechatronic systems handbook. CRC
Press Taylor&Francis Group, 2003.

Giesko T.: Metodyka projektowania i implemen-
tacji innowacyjnych systeméw optomechatronicz-
nych. Radom: Wydawnictwo Naukowe Instytutu
Technologii Eksploatacji — PIB, 2013 (in Polish).
Giesko T., Mazurkiewicz A.: Optomechatronic
Technologies Applied in Innovative Industry. Jour-
nal of Machine Construction and Maintenance,
2017, 105(2), pp. 25-34.

Giesko T., Mazurkiewicz A.. Applications of
Optomechatronic  Technologies in  Innovative
Industry. Advances in Manufacturing. Lecture
Notes in Mechanical Engineering, 2018, pp. 543—
553.

Popp J., Tuchin V.V.,, Chiou A., Heinemann S.:
Handbook of Biophotonics. Vol.3: Photonics in
Pharmaceutics, Bioanalysis and Environmental
Research. Wiley-VCH, 2012.

Vithu P., Moses J.A.. Machine vision system for
food grain quality evaluation: A review. Trends in
Food Science & Technology, 2016, pp. 13-20.
Bhargava A., Bansal A.. Fruits and vegetables
quality evaluation using computer vision: A review.
Journal of King Saud University — Computer and
Information Sciences, in press (available online 5
June 2018).

Zhang F., Zhang X.: Classification and Quality
Evaluation of Tobacco Leaves Based on Image
Processing and Fuzzy Comprehensive Evaluation.
Sensors, 2011, 11(3), pp. 2369-2384.

Hanbay K., Talu M.F., Ozgiiven O.F.: Fabric defect
detection systems and methods — A systematic
literature review. Optik, 2016, 127(24), pp. 11960—
—-11973.

NganH.Y.T.,Pang G.K.H., Yung N.H.C.: Automated
fabric defect detection — a review. Image and Vision
Computing, 2011, 29(7), pp. 442-458.

Cubero S., Aleixos N., Molté E., Gdmez-Sanchis J.,
Blasco J.: Advances in Machine Vision Applications
for Automatic Inspection and Quality Evaluation
of Fruits and Vegetables. Food Bioprocessing
Technology, 2011, 4(4), pp. 487-504.

Daryabor P.,, Safizadeh M.S.: Image fusion of
ultrasonic and thermographic inspection of carbon/
epoxy patches bonded to an aluminum plate. NDT
and E International, 2017, 90, pp. 1-10.

Sahu A., Dante H.: Non-destructive rapid quality
control method for tobacco grading using visible
near-infrared hyperspectral imaging. In: SPIE
Commercial + Scientific Sensing and Imaging,
Orlando, Florida, United States, 2018. Proceedings
Volume 10656, Image Sensing Technologies:
Materials, Devices, Systems, and Applications V,
2018, 1065603.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Song H., Nagatsuma T.: Handbook of Terahertz
Technologies: Devices and Applications. Taylor &
Francis Group, 2013.

Garbacz P.. Terahertz imaging - principles,
techniques, benefits, and limitations. Problemy
Eksploatacji — Maintenance Problems, 2016, (1),
pp. 81-92.

Chan W.L., Deibel J., Mittleman D.M.: Imaging
with terahertz radiation. Reports on Progress in
Physics, 2007, 70(8), pp. 1325-1379.

Kuo C., Chen Y.: Rapid optical inspection of
bubbles in the silicone rubber. Optik, 2013, 124(13),
pp. 1480-1485.

Belcastro M.D., Duvekot L., Widenhouse M.,
Cooper R.R., Edwards N.C.: Inspection system.
Patent US006384359BI, 2002.

Harris C.W., Jones D.H., Juarez G., Puckett D.,
Swepston J.: Cigarette inspection device. Patent
EP1287484B1, 2000.

Schmid T.: Defect Detection in
Manufacturing. Tobacco Asia, 2018.
Cao J.L., Li J.F, Lu T.D.: Roundness measurement
of cigarette based on visual information. Advances
in Manufacturing, 2017, 5(2), pp. 177-181.

Deng Y., Xu S., Lai W.. A novel imaging-
enhancement-based  inspection  method  for
transparent aesthetic defects in a polymeric
polarizer. Polymer Testing, 2017, 61, pp. 333-340.
Huang B., Ma S., Wang P., Wang H., Yang Y.,
Guo X., Zhang W., Wang H.: Research and
implementation of machine vision technologies
for empty bottle inspection systems. Engineering
Science and Technology, an International Journal,
2018, 21(1), pp. 159-169.

Malamas E.N., Petrakis E.G.M., Zervakis M.,
Petit L., Legat J.D.: Survey on industrial vision
systems, applications and tools. Image and Vision
Computing, 2003, 21(2), pp. 171-188.

Manish R., Venkatesh A., Ashok D.: Machine
Vision Based Image Processing Techniques for
Surface Finish and Defect Inspection in a Grinding
Process. Materials Today: Proceedings, 2018, 5(5),
part 2, pp. 12792-12802.

Schmitt R., Furtjes T., Abbas B., Abel P,
Kimmelmann W., Kosse P., Buratti A.: Real-Time
Machine Vision System for an Automated Quality
Monitoring in Mass Production of Multiaxial Non-
Crimp Fabrics. IFAC-PapersOnLine, 2015, 48(3),
pp. 2393-2398.

Beyerer J., Ledn F.P., Frese C.. Machine Vision:
Automated Visual Inspection: Theory, Practice and
Applications. Berlin: Springer, 2015.

Woijcicki T.: Metodyka wspomagania projektowa-
nia automatycznych systemdéw optycznej detekcji
wad powierzchniowych [PhD]. UTP University of
Science and Technology, 2013 (in Polish).

Cigarette



32

Journal of Machine Construction and Maintenance | 3/2018

29.

30.

31.

32.

Reiner J.: Identyfikacja i modelowanie optyczne
systemow wizyjnej kontroli jakosci wytwarzania.
Oficyna Wydawnicza Politechniki Wroctawskiej,
2013 (in Polish).

Sioma A.: Systemy wizyjne 3D w automatyzacji
kontroli jakosci wytwarzania. Radom: Wydawnic-
two Naukowe Instytutu Technologii Eksploatacji —
PIB, 2016 (in Polish).

Yanchev D.Y., Schlemm U., Herrmann R.: Device
and method for measuring capsules in cigarette
filters. Patent EP 2 796 061 A1, 2013.

Zhang Q., Xia Y., Wang S., Fang X., Li Z,
Zhang L.: A method for measuring degree of square
of cigarette packet based on computer vision. To-
bacco Science & Technology, 2017, pp. 87-92.

33.

34.

35.

36.

37.

VDMA. Key Technology for Automation Solutions.
Machine Vision 2017/18. Applications — Products —
Suppliers. [Online]. 2018. [Accessed 25 September
2018]. Available from: www.vdma.com

Schroder D., Lammel M.: Filter rod inspection.
Patent EP1557100B1, 2004.

Brantley F.F., Nuckols E.L., Dixon D.T., Thomas
T.F., Henderson C.W., Ademe B.: Filtered smoking
article inspection system, and associated method.
Patent US20110169942A1, 2010.

Mazurkiewicz A.: Barriers of technological
innovation development and implementation
encountered by R&D organisation. Journal of
Machine Construction and Maintenance, 2018, pp.
127-138.

Stanikowski R., Czajka P.: Method and device
for detection of rotated segments conveyed in a
machine used in tobacco industry and a machine
for producing multisegment rods comprising such a
device. Patent WO 2016/058786, 2016.



