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ABSTRACT

The paper “Error Correction Technology for Welding Robots Based on Three-Dimensional Visual Localiza-
tion” by Ruichun Gu presents an innovative approach to improving welding accuracy by integrating 3D
visual localization with welding robots. Traditional welding methods often suffer from seam deviations that
compromise product quality. To address this, the study leverages 3D visual technologies such as laser scan-
ning, structured light projection, and multi-sensor fusion to capture precise geometric data (position, shape,
size) of weld seams in real time. This data enables immediate error detection and correction during the
welding process. The research incorporates machine learning algorithms, particularly Support Vector Ma-
chines (SVMs), along with geometric features such as curvature and normal vectors, to classify and refine
weld-seam data from 3D point clouds. Experimental results demonstrate high system accuracy, with a
relative error of only 0.38% in seam distance measurements and endpoint positioning errors of 2.5-4 mm—
well within industrial tolerances. The study validates the method on crane main beams using CO, shielded
robotic welding. Findings confirm that 3D visual localization significantly enhances welding precision, re-
duces defects, and improves production efficiency. The paper concludes that combining advanced visual
sensing with intelligent algorithms offers a promising pathway for next generation welding automation,
with potential for further integration of deep learning and real time adaptive control systems.
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1. Introduction

In recent times, as industrial manufacturing has surged, welding has emerged as a crucial technology in
numerous sectors. Nonetheless, conventional welding techniques are susceptible to flaws, including variati-
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ons in the shape of the welding seam, which can affect the overall performance of the product. By implement-
ing cutting edge technology that monitors and rectifies deviations in the welding process in real time, we can
effectively tackle this problem. Over the last few decades, technological advancements have led to an increas-
ing prevalence of welding robots [1]. They provide exceptional performance regarding speed, precision, and
versatility, significantly boosting production efficiency while maintaining product quality.

However, because they cannot quickly correct deviations in the welding seam, there remains a need for more
sophisticated technology to address this issue. The absence of reliable technical support hinders welding
robots from achieving optimal efficiency [2]. Recently, the advent of three dimensional visual localization
technology has enabled effective control of welding seam error correction. This technology can capture det-
ails such as the position, size, and shape of the welding seam, enabling timely error correction [3], and
significantly improving its accuracy. This advanced localization technique not only significantly reduces
errors but also dramatically enhances the quality of the welding seam, markedly improving its precision. This
article aims to investigate how welding robots utilizing three dimensional visual localization can rectify
misalignments in welding seams. To fully comprehend this work, it is essential to understand its historical
context, challenges, and advantages. Moreover, a solid grasp of the principles of three dimensional visual
localization is required, along with practical case analyses. In this research, we first examine a solution for
correcting welding seam errors based on three-dimensional visual localization, providing an in depth description
of its operational procedure and associated technical specifications. Following this, through numerous
experiments, we assess the effectiveness and feasibility of this innovative error correction algorithm and
analyze the experimental outcomes.

In summary, this research seeks to develop a novel technology capable of swiftly detecting and correcting
misalignments in welding seams, thereby enhancing the operational efficiency and product quality of welding
robots. Accurate testing and control can facilitate the identification of welding seam deviations, reducing or
eliminating quality defects in welding and increasing the strength and longevity of welded components [4].
Furthermore, it can foster ongoing advancements in welding technology, significantly improving factory
production efficiency and product quality.

2. Related Work

In recent years, the technology for error correction in welding robots based on three dimensional visual
localization has garnered considerable interest and investigation. Numerous scholars and researchers have
made significant contributions in this domain, proposing various methods and algorithms. A prevalent approach
involves laser scanning three-dimensional visual localization [5]. This laser scanning technology emits laser
beams and captures their reflected signals to generate a three-dimensional point cloud of the welding seam. By
processing and analyzing this point cloud data, geometric characteristics of the welding seam, such as its
position, shape, and size, can be extracted. The obtained welding seam data is subsequently integrated into the
robot’s control system to facilitate immediate error correction of the welding seam [6]. For instance,
researchers have introduced a method for tracking welding seams using laser scanning, which gathers real-
time three dimensional data of the seam and compares it with the pre established welding path to enable
immediate seam error correction [7]. Beyond laser scanning methods, several studies have employed stru-
ctured light projection techniques to achieve three dimensional visual localization of the welding seam. This
technology projects specific light patterns or spots onto the surface of the welding seam and captures
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them with a camera to acquire three dimensional shape data of the seam. This approach allows for non-contact
measurement, resulting in rapid and precise positioning of the welding seam [8]. Some researchers have
successfully implemented real time three dimensional tracking and correction of the welding seam using
structured light projection technology, thereby enhancing welding precision and quality.

In addition to the techniques as mentioned earlier, various studies have investigated the use of machine vision
and sensor fusion for correcting welding seam errors. For example, integrating cameras with laser rangefinders
and other sensors enables multimodal detection and measurement of the seam’s position and shape [9]. By
merging and thoroughly analysing data from various sensors, the accuracy and stability of welding seam
localization can be significantly improved. Some researchers have proposed methods for correcting welding
seam errors using multi sensor fusion, which involves real time data collection from multiple sensors, followed
by comprehensive analysis and processing to enable immediate seam error correction. Furthermore, research
is also directed towards enhancing and optimizing algorithms. For instance, through the application of machine
learning and deep learning techniques, automatic recognition and localization of the welding seam can be
accomplished. By training algorithms and models, the image characteristics of the welding seam can be linked
to its actual position, facilitating automated correction of seam errors. Some researchers have proposed
recognition and correction methods for welding seams based on deep learning, constructing deep neural
network models to accurately predict and adjust the position and shape of the welding seam [10].

In conclusion, error correction technology for welding robots utilizing three dimensional visual localization
is an emerging and significant area of research. By utilizing a range of methods and techniques, real time
detection and correction of welding seam errors can be achieved, there by improving the adaptability and
quality of welding robots [11, 12]. Future research may delve deeper into more precise and efficient methods
for three dimensional visual localization and explore their integration with machine learning and deep learning
technologies to advance the field of welding robot technology further.

3. Machine Learning Algorithm Design

In the task of correcting errors in welding seams, it is essential to categorize the acquired three dimensional
point cloud data in order to locate and shape the welding seam for error rectification precisely. Below are
several typical methods for algorithm design. This paper employs machine learning algorithms in conjunction
with geometric features to proficiently classify different components of the weld joint [13-15]. For instance,
parameters like curvature, normal vectors, and angles can be utilized to differentiate various joints. A frequently
employed machine learning technique is the Support Vector Machine (SVM), which is capable of recognizing
different configurations of welding points and refining their shapes. This approach helps more accurately
identify diverse shapes of welding points and correct their misalignment [16, 17]. In the vicinity of point X, the
covariance matrix of the point cloud displays considerable fluctuations.

1 X - T
M= % B.-Pp-2)
m=1
The elevation value within the remote sensing point cloud holds genuine geographical significance.
Consequently, the elevation data of points surrounding the point cloud can undergo statistical analysis to help
categorize the point cloud. Through this statistical examination, the elevation value h of the query point, the
maximum height difference Ah among adjacent points around the point cloud, and the standard deviation of
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elevation values from neighboring points are derived. Besides statistics pertaining to elevation values, the
neighborhood radius also plays a role. A neighborhood radius defined as 1 cm indicates the distance from the
The elevation value within the remote sensing point cloud holds genuine geographical significance. Consequ-
ently, the elevation data of points surrounding the point cloud can undergo statistical analysis to help categorize
the point cloud. Through this statistical examination, the elevation value h of the query point, the maximum
height difference Ah among adjacent points around the point cloud, and the standard deviation of elevation
values from neighboring points are derived. Besides statistics pertaining to elevation values, the neighborhood
radius also plays a role. A neighborhood radius defined as 1 cm indicates the distance from the query point to
its most distant neighboring point. The spatial density d D of the three dimensional point cloud within the
neighborhood is also considered. Verticality V. To enhance the differentiation between various features, the
three dimensional point cloud is projected onto a two dimensional horizontal plane based on the translation
and rotation characteristics of lines. The two dimensional covariance matrix of the query point is acquired on
this horizontal plane, followed by an eigenvalue decomposition of the two dimensional covariance matrix.
The projection of parallel rays can be accomplished using a series of parallel line models, while the projection
along the ray xcos 0 + ysin 0 = p allows for obtaining any point within the projection data. After identifying
lines in the insulator image, the insulator edge detection image must be horizontally rotated. The mean of
several line slopes from the line detection results is taken as the angle for horizontal rotation. The feature’s
definition is as follows.

k+1
dzz) - - (2)

2
ﬂ-rknn, 2D

By employing feature descriptors, the precision of three dimensional point cloud data can be improved,
enabling better detection and correction of welding seam inaccuracies. These feature descriptors may be
robust and invariant to scale or may take on various other forms [19-21]. Utilizing projection technology for
three dimensional point cloud data enables us to accurately pinpoint the location of welding seams along with
other pertinent information. Additionally, edge and corner detection algorithms can be applied to more
precisely locate the positions of welding seams, thereby improving the correction of any misalignment. Canny
and Harris are frequently utilized algorithms in image processing. Their shared characteristics include: 1) pre-
cise edge recognition without false positives or omissions; 2) stringent control over edge accuracy; 3) thorough
description and analysis of features for each pixel during the processing phase. Cartesian coordinates allow us
to express a straight line in slope intercept format. By analyzing the motion deformation of lines, we can create
a set of parallel ray arrays to ascertain the position information of each ray represented by the equation xcos
0 + ysin O = p. After completing a direct observation of the insulator, it is necessary to rotate the edge
observation results to gather additional information horizontally. By standardizing the slope analysis of
multiple lines, we can ascertain their average value, which determines their horizontal rotation angle. The ge-

g, = arctan [[i h; J/n} (3)

In this equation, hi denotes the slope of the line, while n represents the total number of detected lines. The

neral calculation method is:

development of classification algorithms using three dimensional visual positioning technology is vital for
correcting welding seam errors in welding robots. By implementing suitable algorithms and methodologies,
welding seams can be accurately recognized, effectively minimizing welding seam inaccuracies. Future
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investigations will focus on more efficient and precise classification algorithms, integrating them with other
advanced technologies to improve the flexibility and quality of robot welding.

3. Experimental Design and Analysis

Experimental design and analysis are critical phases in the welding seam error correction technology based
on three dimensional visual positioning for welding robots. Below is a fundamental experimental design
framework, along with a discussion on experimental analysis. The specific experimental procedure is as follows.
To conduct practical experiments, careful adjustments to various parameters are essential, such as
modifications to the classification algorithm and the selection of training and test datasets, to enhance the
classification model’s efficacy.
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Figure 1. Vertical Projection of the Novel Canny Edge Detection Algorithm

Referring to Figure 1, we noted that when the insulator’s length falls between 370mm and 400mm, there are
considerable fluctuations in the amplitude of its vertical projection image, suggesting a risk of insulator self-
explosion, which has been confirmed. By analyzing various training datasets, we undertook comprehensive
training of the classification algorithm and subsequently evaluated its generalization capability effectively.
Furthermore, the algorithm’s efficacy was validated through multiple interactive tests. In comparison, the
machine vision measurement system successfully gauged the distance between two points of the weld seam.
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Figure 2. Weld Seam Recognition and Positioning Distance Error Analysis
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The visual measurement yielded a distance of 889.31mm, whereas the actual measurement recorded a distance
of 885.97mm, resulting in a relative error of merely 0.38%. This demonstrates that the system’s accuracy is
exceptionally high and satisfies the standards required for measuring the position of the weld seam. Utilizing
precise visual recognition and positioning methods, we identified the weld seams within the eight primary
beams of the crane, as depicted in Figure 2, showcasing the effectiveness of our process.

The assessment of the positioning distance error for the 16 endpoints of the eight weld seams illustrated in
Figure 2 reveals that their precision varies from 2.5mm to 4mm, fully meeting the process specifications for
weld seams in the main beams of the crane. Hence, we can conduct more precise evaluations of the quality of
these weld seams. The spatial coordinates of the weld seam endpoints, acquired through machine vision, are
integrated into the welding robot’s programming to streamline welding operations in real world production.
For safety, CO2 shielded welding is utilized, and the robot manages the welding wire to initiate from one end of
the weld seam and accurately connect to the spatial coordinates of the opposite end in a straight trajectory.
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Figure 3. Depth Information of a Row in the Weld Seam Image

As indicated in Figure 3, when there is a considerable discrepancy in the depth measurement outcomes
between neighboring pixels in the same row, it suggests that their three dimensional relationships are not
entirely uniform and display significant vertical variations. Consequently, we implemented the dual pixel sca-
nning method to examine and extract the two dimensional boundaries on both sides of the welding area,
ensuring consistency in their vertical variations. Through meticulous design and in depth analysis, the weld
seam error correction technology based on three dimensional visual positioning for welding robots has achieved
remarkable success. By assessing the classification algorithm, we gain insights into its performance and can
make focused enhancements to its error correction techniques, thereby providing robust support for the adv-
ancement of the technology.

4. Conclusion

Employing three dimensional visual positioning for welding robots enables more precise correction of weld
seam deviations, significantly enhancing overall welding quality. Through systematic experimental evaluations,
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we found that data collection and preprocessing are critical to the accuracy of the positioning procedure. To
acquire more precise and thorough three dimensional point cloud data, it is necessary to perform operations
such as denoising, filtering, and calibration. Moreover, accurate feature extraction and classification methods
are crucial for rectifying weld seam defects. Consequently, when positioning weld seams, practical factors
must be considered from different viewpoints to obtain improved outcomes. Following numerous real world
applications, the technology for correcting weld seam errors using three dimensional visual positioning has
yielded promising results. It not only markedly decreases welding flaws but also substantially enhances ins-
pection precision, thus boosting product quality. The quality of welding can be significantly improved by
using three dimensional visual positioning technology for welding robots. With thoughtful design and thorough
analysis, this technology will open new opportunities to advance and implement the welding sector.
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