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Abstract

Due to creases, blurring, scratches, and reflections on the surface of express delivery
labels, it is not possible to quickly extract the barcodes, leading to the accumulation of
packages and resulting in losses. This paper optimizes the images by using image
restoration with generative adversarial networks (GANs) and adaptive adjustment
enhancement algorithms. Secondly, after initially locating the barcode section using
color and shape features, three major segmentation methods are employed to separate
it out. Furthermore, this paper introduces a feature extraction method based on machine
vision, which combines image processing techniques and machine learning algorithms.
This method effectively extracts the features of express delivery barcodes and
outperforms traditional methods.
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1. Introduction

The rapid development of the express delivery business has brought about the demand for
barcode image extraction technology. A barcode is a pattern used to represent numbers and
characters, and is widely used on parcels, letters, and other items to achieve tracking and
management of items. However, due to the uneven quality of express barcode images in
practical applications, such as uneven lighting, blurring, deformation and other problems, it is
difficult for traditional barcode recognition algorithms to achieve ideal results. Therefore,
express barcode image extraction based on machine vision has become a research hotspot.

At present, with the continuous development of image processing technology and machine
vision technology, more and more researchers have turned their attention to the field of express
barcode image extraction. Kaifeng Peng preprocessed the images, divided the images by
adaptive block technology, used principal component analysis (PCA) to screen the image blocks
with the same gradient direction, and used morphological methods to locate and identify the
barcodes [1]. Man Zhang first used the selective search method to screen the candidate regions,
then used the designed 7-layer CNN network model to classify the candidate boxes, and finally
used the non-maximum suppression algorithm and the border regression algorithm to
eliminate the cross window to achieve the purpose of accurate positioning[2]. Qiang Zhao
proposed a preprocessing method for image filtering enhancement in order to solve the
problem that the oblique barcode is not easy to locate accurately, and proposed a preprocessing
method for image filtering enhancement to use the Adaptive Manifolds (AM) filter for the blurry
image to enhance the blurred image, and then perform direction correction[3]. Ai
Chenproposed a Support Vector Machine (SVM) based on Hough Transform and Local Binary
Pattern (LBP) in order to solve the problems existing in the existing barcode positioning
algorithms in complex backgrounds, especially in the case of multiple barcodes at the same time
and in the case of rotation and deformation of entries The barcode positioning algorithm to
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improve the positioning accuracy of the barcode and provide good conditions for the
subsequent barcode identification[4].

By using advanced image processing technology and machine vision algorithms, the extraction
accuracy and efficiency of express barcode images can be effectively improved. This not only
helps to speed up the sorting of parcels and improve logistics efficiency, but also increases the
competitiveness of the express delivery industry.

The purpose of this paper is to study the machine vision-based delivery barcode image
extraction method, and explore how to use image preprocessing, feature extraction and image
segmentation technologies to improve the extraction accuracy and robustness of express
barcode images. Through the research of this paper, it will provide an efficient and accurate
barcode image extraction scheme for the express delivery industry, and provide strong support
for the development and improvement of the logistics industry.

2. Related Work

2.1. Overview of Image Processing Techniques

Image processing technology is a technology that uses computer methods to acquire, process,
and analyze images. With the continuous advancement of computer technology, image
processing technology plays an increasingly important role in various fields. In general, it can
be divided into two categories: analog image processing and digital image processing [5,6].
Analog image processing is mainly for continuously changing analog image signals and is
realized by analog electronic circuits, while digital image processing is to sample and quantify
image signals and process them digitally.

In image processing techniques, common methods include image enhancement, image
restoration, image compression, image segmentation, and feature extraction. Image
enhancement aims to improve image quality, such as increasing brightness, contrast, and
sharpness. Image restoration aims to remove noise, blur, and other distractions from an image
to restore it to its original clear state [7]. Image compression reduces storage space and
transmission bandwidth through encoding and compression.

Image segmentation is an important task to divide an image into different regions or objects,
which can be achieved by methods such as threshold segmentation, edge detection, and
clustering [8-10]. Feature extraction extracts distinguishing and representative features from
images to assist in subsequent image recognition and classification. In the field of machine
vision, image processing technology is widely used, such as express barcode image extraction.
Through image processing technology, it can automatically extract and identify the barcode on
the express package, and realize the automatic management and processing of express
information.

With the continuous progress of science and technology, image processing technology will
continue to develop, bringing more convenience and benefits to various fields.

2.2. Application of Machine Vision Technology in Image Processing

In the express delivery industry, machine vision technology, as a technology that uses
computers and cameras to perceive and analyze objects, scenes or behaviors, plays an
important role in express barcode image extraction. A barcode is a commonly used
identification code that is essential for identifying and tracking courier items [11]. Through the
application of machine vision technology, the fast and accurate extraction of express barcodes
can be realized, so as to promote the key steps of express automation processing.

In the application of machine vision technology, the main steps of image processing include
image preprocessing, feature extraction, and image segmentation. Image preprocessing
improves image quality and clarity by denoising, enhancing, and adjusting image brightness,
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feature extraction focuses on extracting key information from an image, such as the edges, lines,
and corners of a barcode, and finally, image segmentation divides an image into small regions
or sets of regions for better analysis and processing.

Although machine vision technology has many advantages in express barcode image extraction,
such as automated processing, improved efficiency, reduced manpower input, and improved
extraction accuracy, it still faces some challenges and problems. For example, factors such as
the shape, size, and background lighting of barcodes may affect the extraction effect, and the
diversity and complexity of the barcode may also make extraction difficult [12-14]. Future
research can focus on improving machine vision technology algorithms, introducing advanced
technologies such as deep learning and artificial intelligence, and exploring cross-domain
collaborations to improve the overall effect of barcode extraction [15].

Through continuous research and technological improvement, it is believed that this
technology will play a more important role in the express delivery industry, realize automated
processing, improve efficiency and accuracy, and promote the express delivery industry to
move towards a more intelligent and efficient direction.

2.3. Research Status of Express Barcode Image Extraction

The rapid development of the express delivery industry has brought about the demand for
express barcode image extraction. At present, the research on express barcode image
extraction is in a stage of rapid development. This section will review the existing research
results, mainly introducing the application of image processing and machine vision technology
in express barcode image extraction.

In the field of express barcode image extraction, image processing technology plays a key role.
Common image preprocessing methods include image enhancement, image denoising, and
image rotation correction. Image enhancement technology can improve the contrast and clarity
of images, which helps to improve the recognition accuracy of barcodes. Image denoising
technology can effectively remove noise from the image, improve the edge clarity of the barcode,
and thus improve the recognition rate [16]. The image rotation correction technology can adapt
the image to eliminate the tilt caused by the irregular placement of the express package. The
development and application of these pre-processing technologies have effectively improved
the quality of express barcode images.

The application of machine vision technology in express barcode image extraction has also been
widely studied. Machine vision technology can automatically identify and detect the image of
the express package. The main methods include fast edge detection, template matching, and
feature extraction. Fast edge detection technology can improve the edge positioning accuracy
of barcodes, and template matching technology can match barcodes according to the pre-
established template library, so as to improve the recognition speed and accuracy. Feature
extraction technology can extract key features in the image, such as the stripes and gaps of the
barcode, to help the recognition algorithm accurately extract the barcode information. The
application of these machine vision technologies has greatly improved the automatic extraction
of express barcodes.

Although some progress has been made in the research of express barcode image extraction,
there are still some problems and challenges. First of all, the quality of the express barcode
image may be affected by a variety of factors, such as light conditions, shooting angles and
image blur, etc.,, which brings certain difficulties to the extraction of the barcode. Secondly,
there are various types of barcodes, such as one-dimensional codes, two-dimensional codes,
and QR codes, etc., each type of barcode has different characteristics and recognition difficulties,
and needs to be optimized for different types of barcodes. In addition, the rapid development
of the express delivery industry also puts forward higher requirements for the accuracy and
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real-time performance of barcode recognition, and the performance of the algorithm needs to
be further improved.

Future research directions mainly focus on the following aspects. First of all, image
preprocessing techniques can be further studied and improved to improve the quality and
clarity of barcode images. Secondly, more efficient and accurate feature extraction and image
segmentation algorithms can be explored to improve the recognition speed and accuracy of
barcodes. In addition, a more intelligent and adaptive barcode image extraction algorithm can
be proposed by combining deep learning and neural network methods. Finally, the application
scenarios and development prospects can be further studied, and the application potential of
express barcode image extraction technology in other fields can be explored.

At present, the research on express barcode image extraction has achieved certain results, and
with the support of image processing and machine vision technology, the automatic extraction
of express barcode has been realized. However, there are still some challenges

3. Express Barcode Image Extraction Method

3.1. Introduction to Datasets

In the entire dataset, we collected a total of 50 images of courier barcodes. We have collected
courier barcode images from multiple channels, such as on the courier company's warehouse,
courier locker, etc. The images were taken at different angles, distances, and sizes, and covered
a variety of different background and noise situations. This ensures that our datasets have a
wide range of application scenarios and are able to meet different types of barcode image
extraction needs.

3.2. Image Preprocessing

Image pre-processing refers to a series of pre-processing operations on an image before image
analysis and processing to improve image quality, reduce noise, and enhance image
information. In the study of express barcode image extraction, it can remove the interference
information in the image to a certain extent, and improve the accuracy and effect of subsequent
feature extraction and image segmentation.
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Figure 1. Barcodes collected by you‘rself
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In the process of image preprocessing, we need to carry out the following main steps.
3.2.1. Optimize Images

First, based on OpenCv we read the input image (named 'input_image.jpg') via the cvZ.imread()
function. Then, use the cv2.cvtColor() function to convert the image from the BGR color space
to a grayscale image. Finally, the cv2.imshow() function is used to display the original image
and convert it into a grayscale image.
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Figure 2. Optimized image

The second is image enhancement. In view of the low contrast and blur of the express barcode
image, the image can be enhanced by histogram equalization, Laplace sharpening and other
technologies to make the edges and details of the barcode clearer, which is conducive to
subsequent feature extraction and image segmentation. We use generative adversarial network
(GAN)-based image inpainting, and for damaged or blurry barcode images, GAN can be used for
image inpainting to restore clear barcode images. At the same time, the enhancement algorithm
is adaptively adjusted according to the image quality, such as contrast enhancement, brightness
adjustment, etc., to improve the image quality and improve the accuracy of subsequent
processing.

Due to sensor noise, image acquisition equipment failure, or interference in the process of
image transmission, express barcode images may produce various noises, affecting the clarity
and readability of the barcode. Therefore, it is necessary to use appropriate denoising
algorithms, such as median filtering, mean filtering, or wavelet denoising, to reduce the impact
of noise on image quality. Here we use a Gaussian filter, which in OpenCv can be implemented
using the cv2.GaussianBlur() function.

3.2.2. Image Binarization

The conversion of the preprocessed image into a binary image is one of the key steps in the
extraction of express barcode images. By applying appropriate binarization algorithms, such as
threshold segmentation, adaptive threshold segmentation, or edge detection-based algorithms
Binarization can effectively separate the barcode area from the background area in the image
and extract the shape and structure of the barcode.

3.2.3. Image Morphology Manipulation

Apply morphological operations such as corrosion, expansion, open and closed operations to
remove small noise and glitches, as well as enhance barcode connectivity. In opencvzhong it is
implemented with the cv2.morphologyEx function.
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Figure 3. After binarization

3.3. Image Segmentation

In view of the characteristics of express barcode images, firstly, based on the positioning of
color and shape features, we use the characteristics of barcodes that usually have specific black
and white colors and rectangular shapes, and use edge detection, contour extraction and other
methods to preliminarily locate the areas that may contain barcodes through color space
conversion and threshold processing. Second, we can use the threshold segmentation method
to separate the barcode area in the image from the background. By selecting a suitable
threshold, the black and white stripes of the barcode can be separated from the background,
and the barcode area can be extracted. We then use edge detection technology to detect the
edge of the barcode. By detecting the edge information in the image, the outline of the barcode
can be accurately extracted, and the barcode can be segmented. Finally, we can employ a region
growth algorithm to further extract the barcode region. The region growth algorithm is an
image segmentation method based on pixel similarity, which can merge the similar regions of
adjacent pixels into a whole, so as to achieve accurate extraction of the barcode region.

Figure 4. Simplified code

3.4. Feature Extraction

In this study, we used a machine vision-based feature extraction method that combines image
processing technology and machine learning algorithms to efficiently extract the features of
express barcodes.

First of all, we have pre-processed the express barcode image before, including denoising,
grayscale, binarization and other steps, so as to make the image clearer and more accurate. Next,
we used an edge detection-based method to extract the edge information of the barcode, and

by detecting the edge pixels in the image, we were able to find the edge of the barcode. Then,
we used a shape descriptor-based method to extract the shape features of the barcode, and by
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calculating the shape descriptor of the barcode, we were able to obtain the shape information
of the barcode. Finally, we used a color feature-based method to extract the color information
of the barcode, and by analyzing the color distribution in the image, we were able to obtain the
color characteristics of the barcode.

Through the above feature extraction steps, we can extract the key information about the
barcode from the express barcode image, which provides effective features for the subsequent
image recognition and object detection tasks. Compared with traditional methods, this method
has the advantages of high efficiency and accuracy, and can effectively extract the features of
barcodes in complex backgrounds.

4. Summary of the Study

In this study, we first performed pre-processing of the image, including denoising, grayscale,
and binarization steps, and optimized the image to improve the accuracy and stability of
subsequent image processing through generative adversarial network (GAN)-based image
inpainting and adaptive image enhancement. Then, we carried out preliminary positioning
according to the color and shape features, and used the three major image segmentation
technologies to separate the barcode in the image from the background, so as to facilitate the
subsequent recognition and decoding process. Then, we used a machine vision-based feature
extraction method that combines image processing technology and machine learning
algorithms to effectively extract the features of express barcodes.

Through experiments and analysis of a large number of express barcode images, we find that
the proposed method achieves good results in extracting express barcodes. Experimental
results show that the more comprehensive image segmentation technology and a machine
vision-based feature extraction method are better than the traditional methods in terms of
accuracy and robustness.

By improving the accuracy and speed of barcode recognition, the efficiency of the logistics
industry can be improved, and the error rate of manual operation can be reduced, thereby
improving the quality of logistics services and customer satisfaction.

However, we also found some problems and areas for improvement. First of all, our method
may have some identification errors for barcodes in some special cases. Therefore, we need to
further improve the algorithm to enhance the recognition ability of different types of barcodes.
Secondly, our method still has certain limitations in dealing with barcodes in complex
backgrounds, and the image segmentation algorithm needs to be optimized. In addition, we can
also consider introducing emerging technologies such as deep learning to improve the accuracy
and efficiency of barcode image extraction.

In conclusion, this study proposes a method for extracting express barcode images based on
machine vision technology, and has achieved certain results in experiments. The research
summary shows that the proposed method has certain application prospects and development
potential in the express logistics industry. Future research directions can further improve the
proposed method, improve the accuracy and efficiency of barcode image extraction, and apply
it to a wider range of fields.
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