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ABSTRACT

Roll-to-roll (R2R) processing is a widely adopted method in the industry, especially in the label and
packaging sector. The processes involving R2R equipment are typically conducted at very high
speeds, which makes it preferable. However, high-speed processing poses challenges in monitor-
ing the products throughout the process.

In this study, a high-speed monitoring system using computer vision, capable of working remotely
via an loT module, is developed specifically for R2R manufacturing in the packaging industry. Here,
the developed monitoring system is used to detect and recognize the alphanumeric series printed
on the packages in the R2R production line. The series are the promotional winning codes, the sys-
tem needs to capture them, recognize the characters, and compare them with a library of available
codes for controlling the process. The system should verify that all codes are registered, there are no
repeated codes, and the broken codes should be marked to remove and print again. For this pur-
pose, a method of synchronizing the camera and rapid movement of the web (printed packages) is
proposed. The camera captures the code on each product just in time when it passes through. The
embedded OCR (optical character recognition) program inside the camera controller detects the
characters and sends them for remote comparison and further processes. In this way, the system
can work effectively with the linear velocity of the web up to 100m/min.

The successful implementation of the high-speed remote monitoring system paves the way for
various applications, as well as opens a chance for further improvements and development of in-

house technologies.
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INTRODUCTION

In roll-to-roll (R2R) processing, a flexible substrate,
known as a “web’, is continuously fed through the sta-
tions of the R2R production line, where it is continu-
ously processed. As the web moves through each sta-
tion, specific tasks are applied to the material to cre-
ate the desired product. Once the processing is com-
pleted, the finished product is also rolled up into a
new roll. This roll format allows for easy utilization,
storage, and potential use in subsequent manufactur-
ing processes. The continuous nature of R2R process-
ing allows for high-volume production with low cycle
times, making it a cost-effective and efficient manu-
facturing method =3,

Due to its advantages, R2R processing is widely used
in various industries, especially paper processing,
printing, and packaging. However, the processes in-
volving R2R equipment are typically conducted at
very high speeds, posing challenges in monitoring the
products throughout the process*.

This study proposes the development of a high-speed
monitoring system for R2R systems that employs

computer vision and remote connectivity. Since all
products in an R2R system go through the same pro-
cesses iteratively, a synchronization method has been
established to generate triggers for visual capturing.
In this study, the proposed system is used to monitor
the printing of alphanumeric series on packages. For
this purpose, a sensor is used to detect the appearance
of packages. Based on the sensor’s findings, the sys-
tem generates a trigger signal for the camera to cap-
ture the approaching package. With the help of the
IoT module, the process can be remotely monitored.

METHODOLOGY

System configuration

Fig. 1 illustrates the monitoring system developed for
printed packages in the R2R process. As shown, the
system includes a roll of flexible substrate. The un-
winder rotates to feed the substrate (web) through all
processing stations. The rewinder then collects the fi-
nal products and rolls them back into another new
roll. This concept could enable the production of kilo-
meters of products per day”. The system in this study
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Figure 1: Ilustration of the vision system
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works with the packages as shown in Fig. 2. Thou-
sands of products could be processed continuously in
a workshift.

Figure 2: Packages working in R2R process.

Figure 3: Printed alphanumeric codes on packages
in R2Rprocess.

To verify the working of the process, a monitoring sys-
tem has been developed. The monitoring uses an in-
dustrial camera to visualize the products for inspec-
tion. More specifically, the alphanumeric series are
printed on the packages as shown in Fig. 3. Since
the series are used as winning codes for promotional
uses, the codes are inkjet printed on a pre-made secu-
rity pad (Fig. 3). The high-speed monitoring system

needs to ensure that all printed codes are registered,
free of duplicates, and any broken codes are addressed
promptly.

For this purpose, an industrial camera is used to cap-
ture the images of printed codes. To overcome the
highspeed motion of the web to capture the images
at the proper locations, a color sensor is used to de-
tect the packages and trigger the capturing so that the
system can be synchronized. When a package moves
along the rollers and passes through the monitoring
station, a color sensor detects and sends a signal to
the controller. The controller then generates a trig-
ger for the camera to capture images of the package,
as shown in Fig. 4. Here, the delay time between the
package detection signal and the triggering signal is
adjustable to calibrate the capturing location. Since
the system aims to work at high-speed capturing, the
exposure time of the camera is short. Intense lighting
is used to stabilize the illumination and enhance the
quality of the captured images.

Once the camera captures an image, the camera con-
troller, also an industrial computer, decodes the char-
acters and sends them to the PLC. Here, the present
of the PLC equipped with the IoT module is to re-
motely communicate with a central computer in an-
other place. The PLC sends batches of recognized
codes to the computer via the IoT module for real-
time verification and receives the feedback as de-
scribed in Fig. 1.

v
. c‘-r_r;eshold
Sensing signal
t
v tr.:a!
Trigger signal

Figure 4: Printed alphanumeric codes on packages
in R2R process.

Camera and production parameters

To ensure the capability of image capturing, camera
specs and motion velocity of the web should be se-
lected so that images of every package could be cap-
tured for processing. Consider a system with the
speed of the packages is v,,. In the case of the distance
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of the 2 consecutive packages is fixed as d as shown in
Fig. 5, the time interval between 2 consecutive pack-
ages, (Ot), could be estimated as:

ot = —

Yw

In such a case, the exposure time #, of the camera
should be selected to satisfy:

t, < 6t

Figure 5: llustration of the vision system.

Ot

Figure 6: Timebetween two consecutive package.

Figure 7: The implemented system. (a) High-speed
Camera,(b) Camera controller, and (c) PLC equiped
with loT module.

Therefore, the maximum frame rate of the camera (F)
and the speed of the web should be selected so that:

FXv, >d

However, the target is to control the process in real-
time, which means the processing time (#,), includ-
ing character recognition time, communication time,
and codes comparison time, should be considered as
shown in Fig. 6.

In this case, the exposure time (f,) should be as small
as possible to make room for processing, and the pro-
cessors should be strong enough to minimize the pro-
cessing time. The maximum speed that the system can
handle is:

d

Vmax = min(te) +min(tp)

This can be a constraint for selecting the specs of the
camera, as well as processing algorithms and hard-
ware for the systems regarding the production re-
quirements and parameters.

U7ZRIEIE ESEDAZG FAZETUR SHILEEU

Figure 8: Imagecaptured at the speed of 100m/min.

RESULTS AND DISCUSSION

Fig. 7. shows the implementation of the monitoring
system. The basic components of the system included
a highspeed camera (Keyence CA-H048MX, Keyence
Corp., Japan), a camera controller (CV-X470F), and
a PLC (§7-1412, Siemens, Germany) equipped with
an IoT module (SIMATIC I0T2050, Siemens, Ger-
many).

The system allows the camera to be configured with
an exceptionally short exposure time (1/100000). It
was optimized to operate with a motion velocity of
100 m/min, and the distance between the codes was
approximately 100 mm. The results depicted in Fig.
8 demonstrate the good performance of the synchro-
nization system under these high-speed conditions.
All the images were acquired clearly, and the codes
were captured accurately.

Moreover, the IoT device in Fig. 9 is capable of high-
speed processing and communication. All the ac-
quired images were processed to recognize the char-
acters and sent to the computer (Fig. 9(a)). The IoT
module sends the data in batches of 9 codes for fur-
ther processing. The total processing time and com-
munication time was several ms, which is suitable for
real-time application. It can acquire images, process
them to recognize characters, and send the processed
data to a computer in just a few milliseconds, which
makes it suitable for real-time applications.

CONCLUSION AND FUTURE
PERSPECTIVE

This study presents the development of a remote vi-
sual monitoring system tailored for high-speed R2R
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Figure 9: Processing results. (a) Character detection
andrecognition, and (b) send-receive the codes via
loT module

processes. The system effectively captures images of
alphanumeric codes on packages during their rapid
motion (100m/min). These codes are promptly de-
tected, recognized, and transmitted to the central
computer within a few milliseconds, ensuring real-
time processing.

One limitation of the current system is that the con-
troller and algorithm for optical character recognition
rely on a costly pre-built industrial camera, which re-
stricts its applicability for various uses. To address this
concern, future efforts could focus on developing an
in-house system that encompasses both the controller
and algorithm. By doing so, the system would gain
enhanced flexibility and affordability, paving the way
for broader deployment and application across differ-
ent industries.
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Hé théng giam sat ti xa qua trinh in theo cuén (R2R) téc d6 cao
Tran Quang Phudc'2, Nguyén Duy Anh?3, Pham Phuong Tung?3, Nguyén Quéc Chi%3, Phiing Thanh Huy?3""

TOM TAT

Phuong phdp gia cong theo cudn (Roll-to-roll hay R2R) la mot phuong phép phd bién trong cong
nghiép, dac biét la trong Iinh vuc nhan va bao bi. Uu diém clia cac phuong phap R2R 1a céc qué
trinh dugc thuc hién lién tuc va véi téc do cao, diéu nay gilip tang nang sudt clia hé théng san xuat.
Tuy nhién, qua trinh x Iy & téc d6 cao dat ra nhimng thach thic trong viéc kiém soat qué trinh cing
nhu gidm sat san phadm trong khi gia cong.

Trong nghién cu nay, mét hé théng gidm sat dugc phat trién cho san xudt R2R trong nganh céng
nghiép bao bi. Hé théng gidm sat st dung cong nghé thi gidc may tinh, cé kha nang hoat déng
tU xa théng qua mot mé-dun loT va cé thé gidm sat hé théng dang van hanh & tdc d6 cao. Trong
nghién ctu, hé thong gidm sat dugc sit dung dé phat hién va nhan dang chudi ch s in trén cac
bao bi trong day chuyén R2R. Cac chudi cht s6 la cac ma gianh thudng quang cdo dugc in phun
lén bao bi, hé théng can phai xac dinh, nhan dang céac ky tu dugc in va so sanh chdng vai thu vién
ma gianh thudng cé sén dé kiém soat quy trinh. Hé théng phai dadm bao rang tat ca cac ma da
dugc dang ky tir trudc, khéng cé ma nao biin l&p lai va cac ma bi in hong sé dugce danh dau dé
loai bo va in lai. DE thuc hién cong viéc nay nay, mét phuong phép dong béd hda gitta camera va
chuyén ddéng clia bao bi dugc in ma dugc dé xuat. Theo do, may dnh c6 thé chup ma trén moi san
pham ngay khi n6 chay qua. Mot chuong trinh OCR (optical character recognition — nhan dang ky
tu) dugc tich hop bén trong bé diéu khién camera phat hién cac ky tu va gui ching dé kiém duyén
tl xa va tién hanh cac quy trinh tiép theo. Bang cach nay, hé théng cé thé hoat déng hiéu qua vdi
Bo mon Ky thudt My xdy dung va t6c do di Ehuyén clia cuén len dén 100 mét moi phit. Viec ‘trié’n,khai thanh cong hé théng giam
ndng chuyé, Khoa Co khi, T‘m{jng})qi sat tq_xa toc _(?o cao méraco hol gﬂng glung chq nhleu\qua trinh sdn xuat khac nhau, ciing nhu tao
hoc Bach Khoa, Viét Nam co hoi cho viéc cdi tién va phat trién cong nghé sau nay.

) ’ Tu khoa: Roll-to-roll, IoT, Thi gidc may tinh, gidm sat tir xa, san xuat dong goi
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