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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. 

Tóm tắt
Mã Datamatrix đóng một vai trò quan trọng trong việc nâng cao năng suất và hiệu quả trong quy trình sản xuất. 
Việc đảm bảo nhận dạng và giải mã chính xác các mã này là điều tối quan trọng. Tuy nhiên, những thách thức 
như vết xước trên sản phẩm, phân bố màu không đồng đều và phản quang mạnh đều tác động tiêu cực đến 
khả năng đọc mã. Để khắc phục những thách thức này, bài viết đề xuất một phương pháp tiên tiến sử dụng mô 
hình học sâu Yolov8 và các kỹ thuật tăng cường ảnh. Đầu tiên, mô hình Yolov8 được sử dụng để phát hiện và 
trích xuất các vùng ảnh chứa mã Datamatrix thành những ảnh nhỏ. Sau đó, các kỹ thuật tăng cường ảnh được 
áp dụng để tăng cường ảnh mã datamatrix. Việc áp dụng phương pháp trên giúp cải thiện đáng kể tỷ lệ giải 
mã, đạt tới 94,5%. Những kết quả trên minh họa tính hiệu quả của phương pháp đề xuất trong việc giải mã, mã 
Datamatrix chính xác và đáng tin cậy hơn.

Từ khóa: Mã datamatrix; học sâu; Yolov8; kỹ thuật tăng cường ảnh; giải mã chính xác.

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 
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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.

Fig 1. Structure of a Datamatrix code

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 
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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.

YOLOv8 (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) YOLOv8 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, YOLOv8 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, YOLOv8 can 
be used to automate production and quality control 
processes by detecting and locating products and 
components [10]. YOLOv8 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.

Fig 2. Pipeline of the proposed method

To achieve our goal, we used an industrial camera with 
a resolution of 2448×2048 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 2448×2048 
pixels. To facilitate training and testing of the model, as 
well as reduce the dataset size and prediction time, the 
images are cropped into smaller images with dimensions 
of 512×512 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 LabelImg 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 
YOLOv8 model and trained it for 200 epochs.
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Fig 3. Illustration of the method to improve  
Datamatrix code decoding in this paper:  

(a) Detection and extraction of datamatrix code using 
YOLOv8; (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 
a value 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

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

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 90×90 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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