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Abstract

Datamatrix codes play a crucial role in enhancing productivity and efficiency in manufacturing processes. Ensuring
accurate identification and decoding of these codes is paramount. However, challenges such as scratches on
products, uneven color distribution, and strong reflections all negatively impact code readability. To overcome
these challenges, this paper proposes an advanced method employing deep learning models Yolov8 and image
enhancement techniques. Firstly, the Yolov8 model is utilized to detect and extract regions of images containing
Datamatrix codes into smaller patches. Next, image enhancement techniques are applied to enhance the image
of the Datamatrix code. Implementing this method leads to a significant improvement in code read rate, reaching
up to 94.5%. These results illustrate the effectiveness of the proposed method in achieving more accurate and
reliable Datamatrix code decoding.

Keywords: Datamatrix code; deep learning; Yolov8; image enhancement technique; accurate decoding.

Toém tat

Ma Datamatrix ddng moét vai trd quan trong trong viéc nang cao nang suét va hiéu qua trong quy trinh san xuét.
Viéc ddm bao nhan dang va gidi ma chinh xac cac ma nay |a diéu tdi quan trong. Tuy nhién, nhirng thach thirc
nhw vét xwédc trén san phdm, phan bd mau khéng déng déu va phan quang manh déu tac dong tiéu cuc dén
kha nang doc ma. Bé khac phuc nhirng thach thirc nay, bai viét dé xuat mot phwong phap tién tién s& dung mé
hinh hoc sau Yolov8 va cac ky thuat tang cwong anh. DPAu tién, md hinh Yolov8 dwoc st dung dé phat hién va
trich xuat cac vung anh chiya ma Datamatrix thanh nhirng anh nhd. Sau dd, cac ky thuat ting cwdrng anh duoc
ap dung dé tang cwong &nh méa datamatrix. Viéc ap dung phwong phap trén gitp cai thién dang ké ty 1 giai
ma, dat t&i 94,5%. Nhirng két qua trén minh hoa tinh hiéu qua clia phwong phap dé xuét trong viéc giai ma, ma
Datamatrix chinh xac va dang tin cay hon.

Tw khéa: M& datamatrix; hoc sau; Yolov8; ky thuét tédng cwong anh; gidi ma chinh xac.

1. INTRODUCTION

The Datamatrix code comprises several typical
components, as illustrated in Figure 1. These
components aid in distinguishing Datamatrix codes
from other objects in an image and also differentiate
them from other types of two-dimensional matrix
barcodes in various real-world applications. Essentially,
a Datamatrix code consists of black (dark) and white
(light) cells known as modules (or cells). Each module
represents the value of one bit: typically, black for “1”
and white for “0”. These cells are arranged in rows and

Reviewers: 1. Prof.Dr.Sc. Than Ngoc Hoan
2. Assos.Prof.Dr. Dinh Anh Tuan

columns to form a square or rectangular Datamatrix.
The structure of the Datamatrix code is organized as
follows:

- Quiet Zone: This is a white area with a minimum width
of one module, positioned around the Datamatrix code,
aiding scanners to distinguish between the code and
the surrounding background.

- Finder Pattern: Consisting of two perpendicular
straight lines (comprising only black cells) located
outside the Datamatrix code, forming an “L” shape.
This pattern is used to determine the position and
orientation of the Datamatrix code.

- Timing Pattern: Placed on two opposite sides of the
Finder Pattern, alternating between black and white

12 Tap chi Nghién ctru khoa hoc, Trudong Dai hoc Sao Do, S6 2 (85) 2024
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modules. This pattern is used to determine the size of a
module, the number of rows and columns and potential
distortions in the code.

- Data Region: Located within the Datamatrix code
and protected by the Reed-Solomon error correction
algorithm (which helps recover corrupted data). This
means that a Datamatrix code can sustain partial
damage of up to approximately 25% and still be fully
readable. Each black or white cell within the data region
of the Datamatrix represents one data bit. Information is
encoded as sequences of bits, and distinctive patterns
such as the position and synchronization regions
aid scanners in determining the code’s location and
reading method. The flexible structure of Datamatrix
allows for encoding a large amount of information in a
small space and ensures reliability in the data reading
process.

Quiet Zone

-

Finder pattern

Timing pattern

[]
"=

Fig 1. Structure of a Datamatrix code

Data Region

The Datamatrix code possesses notable features that
make it a popular choice for information encoding.
Firstly, its flexible size allows Datamatrix codes to be
generated in various dimensions, catering to specific
application requirements ranging from small to large.
Secondly, its ability to resist data loss is a significant
strength, ensuring reliability in reading information even
when parts of the code are damaged or missing. Finally,
with high reading speed, Datamatrix is considered one
of the most popular barcode types for applications
demanding rapid data processing. Overall, these
characteristics make Datamatrix a efficient and reliable
tool for information encoding and decoding [1-4].

Previously, conventional techniques often relied on
commercial scanners to read product codes; however,
this method encountered significant limitations. Firstly,
using commercial scanners added extra costs to
businesses due to the procurement and maintenance
expenses associated with these devices. Secondly,
the training costs for staff were also a concern, as
they needed to learn how to operate the scanners and
handle related technical issues. Additionally, installing
scanners required time and space, especially in
environments with limited space. Another issue was
the difficulty in integrating with product appearance
inspection software, particularly when using complex
data management systems. Lastly, the requirement for
a fixed barcode position at a specific location in the
inspection station also caused complications in product
management and arrangement. Moreover, surrounding
light interference and the reflective nature of metal

surfaces on products made accurate Datamatrix
code reading challenging. All these limitations
increased costs and complicated the process of goods
management and product appearance inspection.

To address the aforementioned issues, this paper
proposes a specific solution as follows. Firstly, utilize
the camera of the product appearance inspection
device to capture images of the products. Next,
design a specialized dataset comprising images of
the products to be inspected. Then, train a model to
detect Datamatrix codes in the images. Subsequently,
extract the regions of the images containing the
Datamatrix codes. Afterward, apply advanced image
quality enhancement techniques to the Datamatrix
code images. Finally, decode the Datamatrix codes
from the processed images to ensure accuracy and
high performance in the product inspection process.
This solution promises to improve efficiency and
cost savings in product appearance inspection.
The proposed method in this paper offers several
advantages over using handheld scanners to decode
Datamatrix codes. Firstly, using the camera of the
product appearance inspection device allows for easy
image capture from a distance without direct contact
with the product, reducing the risk of damaging or
blurring the Datamatrix code. Secondly, designing and
training a machine learning model enhances the ability
to detect and decode accurately and quickly. Thirdly,
this method also reduces costs for businesses by
eliminating the need to purchase handheld scanners
and maintenance expenses, as well as staff training
costs. Finally, automating the Datamatrix code
decoding process through machine learning improves
efficiency and reduces the time required for the product
appearance inspection process.

2. RELATED WORKS

In [5], Karrach et al. presented an efficient computational
algorithm for identifying Data Matrix codes in images.
This algorithm utilizes methods such as thresholding,
labeling connected components, and checking the
outer frame of continuous regions to first determine the
position of the Data Matrix code. Next, the algorithm
works with the differences between neighboring
projections around the Finder Pattern to determine
the boundaries of the Data Matrix code. The size of
the Data Matrix code is determined by analyzing the
local minima around the Timing Pattern. The proposed
method has achieved better results compared to
competing commercial solutions when tested on real-
world and synthetic images.

In [6], Svarnovics investigated methods for decoding
DataMatrix barcodes used in parcel and envelope
labeling. The study focused on challenges in the
decoding process due to image distortions such as
blurriness, smudging, and deformation. To improve
decoding rates, the paper compared traditional

Tap chi Nghién ciru khoa hoc, Truomg Dai hoc Sao D6, S6 2 (85) 2024 | 13
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binarization methods with enhanced deep learning
techniques such as Image enhancement technique.
The results showed that the researched deep learning
methods led to a decoding rate improvement of 74%,
surpassing traditional binarization methods by 24% on
the same test dataset.

In [7], Almeida et al. proposed a novel method using
real-time deep learning networks to detect Data Matrix
image markers and employing a traditional decoding
method. This study conducted research, training,
comparison, and evaluation of various types of Deep
Neural Networks (DNNs) for object detection. The
architectural scope ranged from proposed region-
based (Faster R-CNN) to single-shot methods (SSD
and YOLO). The research focused on performance
and processing time to select the best Deep Learning
model for detecting image markers. Additionally, a
specific dataset was created to evaluate the neural
networks. The proposed method outperformed the
best and most common Data Matrix decoding methods
currently available in libraries such as libdmtx.

YOLOVS8 (You Only Look Once version 8) is one of the
next versions of the YOLO model, a fast and accurate
real-time object detection model. This model uses
a deep neural network architecture to automatically
identify and locate objects in an image quickly and
efficiently. YOLOv8 has some outstanding advantages
as follows. (1) YOLOVS is designed to operate at high
speed, allowing real-time object detection on images
and videos. (2) This model is capable of detecting
and locating objects with high accuracy, ensuring that
objects are detected accurately and are not missed
or confused. (3) YOLOV8 is designed to be easily
deployed on embedded systems and conventional
computers, making it a popular tool for many real-time
applications. With the above advantages, YOLOVS is
applied in many different fields. YOLOv8 can be used
for security monitoring in video surveillance systems,
recognizing and locating objects such as people,
vehicles, and objects [8,9]. In industry, YOLOvV8 can
be used to automate production and quality control
processes by detecting and locating products and
components [10]. YOLOvV8 can be integrated into the
control system of autonomous vehicles to recognize
and react to objects on the road such as pedestrians,
vehicles, and blocked roads [11].

3. SYSTEM CONFIGURATION

The solution to improve the quality of DataMatrix code
images proposed in this article is shown in Figure
2. First, a product image collection system needs to
be designed. Then photos of various products were
collected under different capturing conditions. These
images, after being labeled as illustrated in Figure 3,
are selected for the training, validation, and testing
set. Then, the object detection model is trained using
the above dataset. After training, that model is used

to detect and separate the image region containing
the Datamatrix code from the original image. The
resulting small images apply Datamatrix code image
enhancement techniques. Finally, popular decoding
tools can be used to decode the DataMatrix code.

Collect images of the products under
different capturing conditions

v

Design a dataset for the Datamatrix
code detection model

v

Train the object detection model

v

Detect and extract regions of images
containing Datamatrix codes

e k| ™

NS Enhance the Datamatrix code > _‘F;

~oF images <2y
Decode the Datamatrix code

Fig 2. Pipeline of the proposed method

To achieve our goal, we used an industrial camera with
a resolution of 2448x2048 pixels to capture product
images. To diversify the dataset, 500 different products
were used, and continuous lighting was adjusted during
the image collection process to ensure that no two
images were exactly the same. Meanwhile, the data
processing unit is a desktop computer with an Intel
Core i7-8700, 16GB RAM and an NVIDIA GeForce
RTX 2070 graphics card.

4. METHODOLOGIES AND DATA

The dataset for detecting Datamatrix codes consists
of 2000 original images with resolution of 2448x2048
pixels. To facilitate training and testing of the model, as
well as reduce the dataset size and prediction time, the
images are cropped into smallerimages with dimensions
of 512x512 pixels. Among these cropped images, 1500
contain Datamatrix codes, labeled as positive images,
while the rest do not contain Datamatrix codes and
are labeled as negative images. All the images are
labeled using the Labellmg tool as illustrated in figure
4 (a). Subsequently, these images are collected for the
training, validation, and testing datasets.

There have been numerous object detection models
published in recent years, with one prominent example
being the YOLOv8 model. This model is capable of
addressing various tasks, particularly providing fast
and accurate object detection results. The object to be
detected in the images is a Datamatrix code captured
by a camera positioned at a fixed distance from the
product, so the size of the object remains consistent
across the images. Therefore, we have chosen the
YOLOvV8 model and trained it for 200 epochs.
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(a) (b)
Fig 3. lllustration of the method to improve
Datamatrix code decoding in this paper:
(a) Detection and extraction of datamatrix code using
YOLOVS; (b) Application of image enhancement
technique

To effectively train a YOLOV8 object detection model,
setting the parameters plays a crucial role in this
process. Firstly, the training data needs to be carefully
prepared and diverse, and then divided into training
and validation sets. Some important parameters to
consider are batch size, learning rate, and epochs.
Batch size, set to 32 in this case, is chosen to be small
enough to utilize the computational speed of the GPU
without overloading the memory. The learning rate, with
avalue of 0.001, is adjusted so that the model can learn
effectively while avoiding overshooting or diverging.
The number of iterations through the entire dataset, or
epochs, is selected as 200 to ensure the model has
enough time to learn while also avoiding overfitting.
Additionally, using augmentation, data normalization,
hardware optimization, and environment setup are also
crucial in shortening the training time and increasing
the accuracy of the model.

After the Datamatrix code images are separated,
image processing techniques such as Binarization,
Non-Maximum Suppression, and Global Histogram
Equalization (GHE) are applied to enhance the images.

5. EXPERIMENTAL RESULTS

The results of object detection, i.e, the Datamatrix
code, are illustrated in Figure 4. It can be seen that the
model has accurately detected the object and extracted
the image of the object into smaller images. Extracting
images accurately like this will help decoding tools
minimize decoding time.

Fig 4. Result of Datamatrix code object detection in
the image
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Fig 5. Experimental results:

(a) Decoding result of the original Datamatrix
code image; (b) Decoding result of the enhanced
Datamatrix code image; (c) Pairs of enhanced images
and original images of the Datamatrix code
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After being trained, the model is evaluated for accuracy
with images from the test set. The evaluation results
are illustrated in Figure 5. As observed in Figure 5(c),
thanks to the proposed image enhancement techniques
for Datamatrix codes, images with very low quality,
blur, glare, low contrast, scratched surfaces, etc.,
are effectively improved. In these images, all the bits
representing 1 in the Datamatrix code stand out more
against the background, appearing white. Conversely,
the bits representing 0 appear black.

With such high-quality enhanced images, they can
easily be decoded using popular Datamatrix code
decoding tools like pyzbar or dtmxlib. The decoding
results for each pair of corresponding images,
consisting of the original image and the enhanced
image, can be observed in Figures 5(a) and 5(c). It
can be seen that many images in the original image
set could not be decoded, resulting in “Cannot read”
decoding outcomes. In contrast, most corresponding
enhanced images were decoded accurately. According
to the experimental results, the success rate of
decoding with the original image set is 75.6%, while
with the enhanced image set, it is 94.5% (Table 1).

From Table 1, it can also be observed that by accurately
cropping the regions containing Datamatrix codes into
patches of size 90x90 pixels, the proposed technique
in this paper achieved an average decoding speed of
0.015s, significantly faster than the method proposed
in [6].

Table 1. Comparison of datamatrix code decoding time
and rate

Method Decoding time (s) | Decoding rate (%)
Method in [6] 0.087 75.6
Our method 0.015 94.5

6. CONCLUSION

This paper proposes a novel solution to improve the
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quality of Datamatrix code images during decoding
process. This is achieved through designing a system
for capturing product images and training an object
detection model. The key technique of the paper is
the utilization of the YOLOv8 model for detecting
Datamatrix codes, followed by applying image
processing techniques to enhance the image quality.
The experimental results show that the proposed
method significantly improved the success rate of
decoding from 74.4% to 94.5%. Additionally, our method
allows for easy integration of other product appearance
inspection functions into the device. Moreover, accurate
extraction and image enhancement reduce decoding
time significantly, thereby improving productivity in the
production line.
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Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do (P. ISSN 1859-4190, E. ISSN 2815-553X), thuong xuyén
cong bo két qua, cong trinh nghién clru khoa hoc va céng nghé cua cac nha khoa hoc, can bd, giang vién, nghién
clru sinh, hoc vién cao hoc, sinh vién & trong va ngoai nuéc.

1. Tap chixuat ban 01 s6/quy bang hai ngdn ngir tiéng Viét va tiéng Anh. Tap chi nhan dang cac bai bao khoa
hoc thudc cac linh vuc: Dién - Dién tir - Tu dong hda; Co khi - Dong luc; Kinh té; Triét hoc - Xa hoi hoc -
Chinh tri hoc; Cac linh vuc khac gbm: Cong nghé théng tin; Héa hoc - Cong nghé thuc pham; Ngén nglr
hoc; Toan hoc; Vat ly; Van hoa - Nghé thuat - Thé duc thé thao...

2. Bainhan ding 1a nhitng céng trinh nghién cru khoa hoc chua céng bé trong bat ky 4n pham khoa hoc nao.

3. Toa soan chi nhan bai bdo gl online trén website http:/tapchikhcn.saodo.edu.vn. Bai bdo gl vé toa
soan dudi dang file dién tir (*.doc *.docx va *.pdf); cudi bai bao, tac gia ghi rd thong tin dia chi lién hé, s6
dién thoai, email va cap nhat thong tin trén website. Bai bao phai duoc trinh bay dang dinh dang, ro rang;
Trudng hop bai bao phai chinh sira theo thé [é hodc theo yéu cau ctia Phan bién thi tac gid sé cap nhat trén
website. Ngudi phan bién sé do tda soan mai. Toa soan khéng gri lai bai néu khéng dugc dang.

4. Cac cong trinh thudc dé tai nghién clru c6 Co quan quan ly can kém theo gidy phép cho céng b6 cua co
quan (Tén deé tai, ma so, tén chi nhiém dé tai, cap quan ly,...).

5. Tén bai bao trinh bay bang hai ngén ngir (tiéng Viét va tiéng Anh), font Arial, c& chir 14, in dam, cin gitra.

6. Tén tac gia (khéng ghi hoc ham, hoc vi), font Arial, c& chir 10, in dam, cin |& phai; co' quan cong tac clia cac
tac gia, font Arial, c& chir 9, in nghiéng, can [é phai.

7.  Chir “Tém tat” in dam, font Arial, c& chir 10; Noi dung tém tat ctia bai bao khéng qua 10 dong, trinh bay
bang hai ngdn ngir (tiéng Viét va tiéng Anh), font Arial, c& chir 10, in thudng.

8. Chir “Tir khéa” in dam, nghiéng, font Arial, c& chir 10; C6 tir 03+05 tir khéa, font Arial, c& chir 10, in
nghiéng, ngan cach nhau bdi ddu cham phay, cudi cung la ddu cham.

9. Noi dung bai bao viét bang tiéng Viét hoic tiéng Anh; Néu I3 bai bao viét bang tiéng Viét: Tiéu dé tiéng
Viét trudc, ti€ng Anh sau; Tém tat tiéng Viét trudc, ti€ng Anh sau; Tir khoa tiéng Viét trudc, tiéng Anh sau;
Né&u | bai bao viét bang tiéng Anh: Tiéu dé tiéng Anh trudc, tiéng Viét sau; Tom tat tiéng Anh trudc, tiéng
Viét sau; Tir khéa tiéng Anh trudc, tiéng Viét sau.

10. Bai bdo dugc danh may trén khé gidy A4 (21 x 29,7cm) c6 do dai khéng qua 8 trang, font Arial, c& chir 10,
gian dong At least 12pt, Before 3pt, After 3pt; can [é trén 2.5cm, dudi 2.5cm, trai 3cm, phai 2cm; hinh vé
phai ro rang, du nét va duoc dinh dang dudi dang file anh (*.jpg); Phuong trinh, cong thirc phai soan thao
bang Mathtype hodc Equation; Phan néi dung bai bdo dugc chia thanh 02 cét, khoang cach cot a 1cm;
Trong trudng hop hinh vé, hinh anh cé kich thudc 16n, bang bi€u c6 dé rong 16n hodc cong thirc, phuong
trinh dai thi cho phép trinh bay duéi dang 01 c6t.

11. Tai liéu tham khao duoc sip xép theo thi tu tai liéu duoc trich dan trong bai bao.

- Néu la sach/luan an: Tén tac gia (nam), Tén sach/luan an/luan van, Nha xuat ban/Truong/Vién, [an xuat
ban/tai ban.

- Néu la bai bdo/béo cdo khoa hoc: Tén tac gia (ndm), Tén bai bdo/bao céo, Tap chi/Hoi nghi/Hoi thao, Tap/
Ky yéu, s6, trang.

- Néu Ia trang web: Phai trich dan day du tén website va dudng link, ngdy cap nhat.

12. Pinhdangmaubaibaothamkhao taidiachihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bdo sau khi xuat ban sé dugc cong bo trén http:/tapchikhcn.saodo.edu.vn.
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