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Abstract
To improve the automation level of the welding robots, the automatic extraction and identification of the weld seam is the
pre-requisite of the intelligent welding robots. During the real industrial environment, the welding environment often has the
characteristics of weak texture, poor contrast, reflections from metallic surfaces, and imperfections on the work piece. These
characteristics will seriously affect the accurate extraction of weld seam. To realize the automatic path planning of welding
robots, a new method of automatic extraction and identification of narrow butt joint under weak contrast is realized to serve
the 3D path teaching of welding robots. To achieve accurate extraction of narrow butt joint under weak contrast, this paper
designs a new seam extraction operator to achieve accurate and fast extraction of weld seam with various shapes and sizes.
And the shape feature of weld seam is used to construct feature vector. Finally, to get optimal classification performance,
the adaptive network-based fuzzy inference system (ANFIS) is adopted in this paper to finish identification of narrow butt
joints. The experimental results show that the proposed algorithm could quickly and accurately realize the extraction and
identification of the narrow butt joints under weak contrast.
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the current industrial production. However, these modes
cannot adapt to the change of welding environment and
the disturbance information during the welding process.
Therefore, they are difficult to meet the flexible, accurate,
and fast manufacturing modes. It is necessary to develop the
intelligent welding robots to adapt to the flexible, accurate,
and fast manufacturing mode.

The extraction and identification of the weld seam are
the core objectives of the intelligent welding robots. And
the sensor of the welding robots are the basis to realize
the intelligent welding robots. The common sensors include
ultrasonic sensors [2], arc sensors [3], infrared sensors [4],
and vision sensors [5–9]. Compared with other sensors,
vision sensors have the advantages of non-contact and high
accuracy. At the same time, it could obtain more abundant
information about the welding environment. At present,
according to the measurement method of the vision sensor,
the vision sensors of the welding robot could be divided into
active light vision and passive light vision. The structured
light vision is a typical active light vision, and it has been
widely applied into the welding robot. Many companies
such as Servo Robot, Meta Vision, Scout, and Scansonic
company have developed various structured light sensors.
The structured light vision has proved its applicability when

1 Introduction

Welding technology is a critical tool during the modern
industry, and it plays an important role in the industry
production and daily life. At present, the welding robots
have been applied into many aspects to replace human
work, such as nuclear power plant construction, marine
exploration, and space exploration. It has great significance
in ensuring the safety of workers, improving the technical
level of production, and realizing the automatic working
mode. The welding robot has two common working modes,
the teaching-playback mode and the offline programming
mode [1]. These modes still play important roles in
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there are significant geometric differences between the base
metal and the groove. However, it may fail in narrow butt
joint detection because of the nearly zero gap between the
workpieces. To better realize the seam extraction of the
narrow butt joint, the passive light vision is adopted in this
paper to achieve accurate narrow butt joint detection. And
it could well overcome the weakness of the structured light
vision on narrow butt joint detection [10, 11].

To realize accurate and fast detection of narrow butt joint,
researchers have proposed and improved many different
methods based on the passive light vision. The common
methods about seam extraction could be divided into four
categories, the difference method, the global search, ROI-
based method, and laser scanning. The difference methods
realize the seam extraction by the difference between the
work piece images and background. To better realize the
seam extraction, Chen et al. used the difference method
to realize the seam extraction of narrow butt joint [12].
Through the difference between the weld images and the
background image, this method could well finish the seam
extraction-based morphological image processing. In the
real production environments, the static background is not
easy to acquire and the background environment is changed
in real time. Therefore, this method is not suitable for the
seam extraction of the automated production line.

The global search methods realize the seam extraction
through the processing of the whole weld images. Shah et al.
proposed a butt welding detection and localization method
[13]. By using local thresholding approach, the zig-zag weld
seam could be well detection and localization. However,
this method just consider the zig-zag weld seams. Dinham
et al. realized the automatic identification and extraction
method of narrow butt joint based on the stereo vision [14].
However, this method is only suitable for high contrast
between the workpiece and the background environment.

ROI-based methods for identifying welding seams are
based on the pre-defined regions of interest (ROI). By
introducing a ROI, the algorithms only need focus on the
weld seam and ignore background. To ignore the influence
of the background environment, Dinham et al. proposed
an improved method based on ROI to realize the seam
extraction [15]. This method could well avoid the influence
of the background and concentrate on the task of seam
extraction. However, this algorithm is easily influenced by
some factors, such as illumination change, object occlusion,
and complex background. Therefore, it has the weakness
of poor robustness. To better realize the seam identification
of different weld seams, Shah et al. realized the seam
extraction based on ROI extraction [16]. Meanwhile, this
algorithm could well realize the seam identification through
construction of auxiliary points based on the shape feature

of weld seam. Because different weld seams need different
auxiliary points, the flexibility of this algorithm is very poor.
Meanwhile, this algorithm cannot adapt to the complex weld
seams.

Laser scanning may also be applied into the automatic
seam identification of narrow butt joints. Researcher have
proposed different method to realize the seam tracking
based on the laser sensor. Zeng et al. proposed a 3D path
teaching method for narrow butt joint welding based on a
cross-line laser sensor. The experimental results show that
this method is suitable for groove recognition before narrow
butt joint welding and could be applied in 3D path teaching
of welding robots [17]. Fang et al. proposed an image-
based visual seam tracking system for butt weld of thin plate
[18]. To meet the requirement of the high precision of weld
seam of narrow butt joint, Huang et al. proposed a 3D and
2D visual information fusion method vision sensor system
for online seam measurement [19]. These laser structured
light sensors are typically very expensive. Meanwhile, they
could only be applied into the local search and cannot
provide global information about weld seams. Therefore,
laser sensors are just suited to online seam identification and
tracking, while not suited for obtaining the overall location
of weld seam and surrounding obstacles for offline 3D path
planning.

Due to the strong learning and recognition performance
of machine learning, the machine learning algorithms have
been widely applied into the welding robots, such as
defect detection, quality classification [20], and seam-type
detection. To realize the detection of various seam types,
Fan et al. proposed an automatic recognition system of
welding seam types based on SVM method [21]. Xiong et
al. analyzed application of a neural network and a second-
order regression analysis for predicting bead geometry
in robotic welding for rapid manufacturing. Experimental
results show that the neural network model could efficiently
be used to predict the desired bead geometry with high
precision [22]. ANFIS is a new type of fuzzy inference
system combining fuzzy logic system with neural network.
It not only has the ability of adaptive learning of artificial
neural network, but also has the ability of fuzzy system.
Therefore, it has been widely applied into the intelligent
welding robots. To estimate weld bead width and depth
of penetration, Chandrasekhar et al. proposed the ANFIS-
based models from the from the features of IR thermal
images and the current values [23]. Experimental results
show that the ANFIS model could get better effect than
ANN model. Gill et al. proposed the novel technique of
ANFIS to predict the tensile strength of inertia friction-
welded tubular pipe joints [24]. Experimental results show
that results generated by the designed ANFIS model could
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get the high-accuracy experimental results. Therefore, the
ANFIS model is adopted in this paper to finish the seam
type detection.

Aimed at the tasks of seam extraction and identification
of narrow butt joint under weak contrast, this paper proposes
a new extraction and identification method. Firstly, a new
operator is proposed to realize the automatic extraction of
weld seams with various shapes and sizes. Secondly, the
shape information of different weld seams is used to build
the feature vector. Finally, the ANFIS model is used to finish
the identification of weld seam type. The main contributions
of this paper are described as follows: (1) To realize the
seam extraction of narrow butt joints under weak contrast,
the proposed operator could well extract weld seams of
narrow butt joints. (2) To serve the identification of seam
type, a simple and robust feature based on the shape of weld
seam is designed, which could well be used to distinguish
different weld seams. (3) The ANFIS algorithm could well
finish the seam detection with small samples.

The rest of the paper is organized as follows: Section 2
introduces the architecture of the proposed method.
Section 3 introduces the algorithm of seam extraction.
Section 4 introduces the classification algorithm of weld
seams. Section 5 introduces the analysis of the experimental
results. Finally, the conclusions and prospects of this paper
are described.

2 System architecture

The accurate and fast extraction of weld seam is the pre-
requisite for autonomous path planning of the welding
robots. To achieve accurate extraction of weld seam, a
robust and fast seam extraction algorithm is proposed which
could well adapt to the seam extraction of the narrow butt
joints under weak contrast.

To better realize the extraction and identification of the
narrow butt joints, the framework of the proposed algorithm
is shown in Fig. 1.

Seam

Image Collec�on

Image
Pre-processing

Seam Extrac�on

Image
Post-processing

Feature
Extrac�on

Classifica�on
model Predict

System
Framework

Extrac�on

Seam Type
Detec�on

Fig. 1 The framework of the proposed method

As shown in Fig. 1, the propose method could be divided
into two parts: seam extraction and seam-type identification.
The key processes of this proposed algorithm are shown as
follows:

(1) Image pre-processing: An suitable image filter is
selected to remove the noise information for the
subsequent image processing of weld seam.

(2) Seam extraction: The real welding environment often
has the characteristics of weak texture and poor
contrast. These factors seriously affect the accurate
and fast extraction of weld seam. To better realize
the seam extraction, a new seam extraction operator
is designed, which could get better results than some
existing methods.

(3) Image post-processing: During the results of seam
extraction, the experimental results contain some noise
information. Therefore, the image post-processing is
needed to acquire the complete weld seam.

(4) Feature extraction: The shape feature of weld seam is used
to build the feature vector of different weld seams,
which could well serve the seam-type detection.

(5) Seam-type detection: Aimed at weld seams with the
small samples, the ANFIS algorithm is adopt to
achieve the automatic identification of weld seam type
with various shapes.

3 Seam extraction

3.1 Image preprocessing

The object of seam extraction and identification algorithm
is gray image. The conversion method from the RGB image
to gray image could be realized as follows:

Igray(u, v) = [0.3 0.59 0.11]
⎡
⎣

IclorR(u, v)

IclorG(u, v)

IclorB(u, v)

⎤
⎦ (1)

where Igray is the gray image. {IclorR , IclorG, IclorB} are
the red, green, and blue components of color images
respectively. (u, v) is the pixel coordinate.

During the processes of image generation, the images
will be affected by some noise information, such as isolated
point noise and image scanning noise. These factors will
lead to the decline of image quality and affect accurate seam
extraction. However, image gray operation cannot eliminate
the noise information. In order to better remove the image
noise formation, a suitable image filter is very necessary.

During the image processing of weld seam, the edge
information acts as the basic feature of the weld seam
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image, and it plays an important role in the process of seam
extraction. The bilateral filtering algorithm is a common
nonlinear filter, and this algorithm combines the spatial
neighborhood information and the gray neighborhood
information to process the noise image. And it could
well solve the problem of edge blurring and preserve the
image edge and the details. Therefore, the bilateral filtering
algorithm is adopted in this paper to finish the image
denoising and its definition could be expressed as follows:

∧
f (i, j) = 1

Wp

∑
i,j∈S

Ws(i, j)Wr(i, j)I (i, j) (2)

Wp =
∑
i,j∈S

Ws(i, j)Wr(i, j) (3)

where
∧
f is the image after image denoising, Ws is the filter

kernel function in the spatial domain, Wr the filter kernel
function in the image gray domain, Wp is the normalization
function, I is the original image, and S is the neighborhood
of pixel (i, j). The definition of Ws and Wr could be
expressed as follows:

Ws(i, j) = exp(−|i − x|2 + |j − y|2
2σ 2

s

) (4)

Wr(i, j) = exp(−|I (i, j) − I (x, y)|2
2σ 2

r

) (5)

where σs is the distance standard deviation of Gaussian
function and σr is the gray standard deviation of Gaussian
function. Both of them control the scope of function of
the spatial domain filter kernel function and the gray filter
kernel function.

To better verify the performance of the image pre-
processing, the straight and half-moon weld seams are set as
experimental objects. The special experimental results are
shown in Fig. 2.

3.2 Seam extraction

The edge information of the welding work piece is the most
important feature of the weld images, and it is also the
basic feature of the weld seam. Edge detection is a basic
task in the image processing and computer vision. And its
purpose is to identify the pixels with obvious brightness
changes in the digital image. Therefore, the edge detection
methods have been widely applied into the detection and
identification of the weld seams. During the current research
work about seam extraction, the common operators of edge
detection include Sobel operator, Laplacian operator, and
Canny operator.

In the real production environment, due to the influence
of texture information, environment information, and other
noise information, the results of edge detection include not
only weld seam, but also noise information and boundary
information of welding workpiece. It will seriously affect
the accurate seam extraction. Therefore, a new operator is
designed in this paper to realize the seam extraction of the
narrow butt joints under weak contrast.

Through a lot of statistics and analysis of image
luminance distribution of weld images, the gray value of
weld seam in the weld images is often larger than the gray
value of the adjacent pixels. The distribution situation of
gray value around the weld seam is shown in Fig. 3.

Based on the gray value distribution regularity of weld
image, a new operator is designed to realize the fast and
stable seam extraction. The equation of this operator could
be shown as follows:

R(j) =
n∑

k=−n+1
I (i, j + k) −

−n∑
k=−2n+1

I (i, j + k)

−
2n∑

k=n+1
I (i, j + k)

(6)

Pcenter(i) = jcenter(i = 1, 2, 3, ..., n) (7)

Fig. 2 Image pre-processing
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Seam Point

Fig. 3 The distribution of gray value around the weld seam

where Pcenter(i) is the pixel point with maximum luminance
change in the ith row of the weld image. And the value of
jcenter is determined by the value of R(j). When the value
of the R(j) is maximal, the corresponding value of j is the
value of jcenter. Through line scanning in the weld images,
the operator could well find the pixel points with maximum
luminance change in every line of the weld seam.

To better verify the performance of the proposed
operator, the welding workpieces in Fig. 3 are set as the
experimental objects. The special experimental results are
shown in Fig. 4.

As shown in Fig. 4, the proposed operator could well
realize the seam extraction with different types of weld seam
under weak contrast. Although the experimental results
include some noise information, the noise information
belongs to the some small pixel clusters, which could be
well removed by image post-processing. Therefore, the
proposed operator could well adapt to the seam extraction
of the narrow butt joints under weak contrast.

Fig. 5 The extraction process of the maximum connected domain

3.3 Image post-processing

Although the proposed operator could well acquire the
weld seam, the experiment results also include some noise
information due to the influence of texture information,
environment information, and other noise information.
Therefore, the image post-processing of weld image is very
necessary.

Fig. 4 Seam extraction of
different welding workpieces

ba
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Fig. 6 Image post-processing of
weld images

ba

Due to the influence of noise information, the operator of
seam extraction cannot get continuous weld seam. In order
to get continuous weld seam, the morphological operation
of images could well solve the discontinuity problem of
image pixels. In this paper, the closed operation of the weld
image is adopted to process the weld images. Through the
operations of expansion and corrosion, it could well connect
the neighboring pixels and smooth boundaries to ensure the
continuity of the weld seam.

After the morphological operation of weld images, the
weld seam belongs to the larger pixel cluster, while the
pixel clusters of the noise information are often very small.
In order to get the largest pixel cluster, the region growth
algorithm is adopted in this paper to label the pixels of the
connected domains. The largest pixel cluster is the final
weld seam and the statistics of connected domain is adopted
to get the largest pixel cluster. The extraction process of
the maximum connected domain could be shown in Fig. 5.
Finally, the pixels values of the largest pixel cluster are set as
255 and the pixel values of other pixel clusters are set as 0.

S =
{
255 if the largest pixel cluster
0 else

(8)

To better verify the performance of weld image post-
processing, the welding workpieces in Fig. 4 are set as
the experimental objects. The final experimental results of
image post-processing are shown in Fig. 6.

As shown in Fig. 6, the red lines in the weld images are
weld seams. The image post-processing of weld seam could
well remove the noise information. And the complete weld
seams get well retained. Therefore, the proposed method
could well finish the seam extraction of the narrow butt
joints with various shapes and sizes under weak contrast.

For the 3D weld seam, this proposed method could
greatly simplify the matching process of stereo vision.
Combined with stereo vision, the 3D weld seam could be
well solved. In our future work, we will complete our work
to finish the 3D path teaching of the narrow butt joint.

4 Seam-type detection

The proposed algorithm could well realize the seam
extraction of different weld seams, and the seam points
could well express the shape feature of the weld seam. But
the seam trajectory is often un-smooth. During the process
of robot welding, it is necessary to ensure the welding
robot to carry out smooth welding operation along the
welding path to ensure the welding quality. Meanwhile, it
also should avoid severe vibration and shock phenomenon
during the welding process. Therefore, the seam points
cannot be directly applied into robot welding task and
the path planning of the welding robot is needed to keep
continuity of the welding robots displacement, speed, and
acceleration.

However, the weld seams are different and complex in
the real production, and it is difficult to finish path planning
of welding robot according to one special algorithm.
Therefore, it is will seriously affect the 3D path teaching of
welding robots. To better serve the path teaching of welding
robots, the seam-type detection is realized to act as priori
knowledge of path planning of welding robots.

4.1 Feature extraction

Faced with the variability and complexity of object and the
background, an accurate and stable feature vector is the
pre-requisite for the seam-type detection.

Fig. 7 Feature extraction
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During much research works about the feature represen-
tation, the common features of the 2D image include color
feature and edge feature. The color feature is widely applied
into feature extraction of RGB images. However, the tex-
ture and color of the industrial environment are simple and
the robustness of the color feature is poor. The edge feature
is simple and stable.The real welding environment presents
unique challenges such se poor contrast, reflections from
metallic surfaces, and imperfections on the work piece, such
as rust, mill scale, and scratches. The work pieces can also
have a variety of surface finishes and base material, such as
paint and steel. Due to the unique challenges, it is difficult
to get an ideal detection result like the color feature.

To get a stable and accurate feature, the shape feature of
weld seam is adopted in this paper. Different weld seams
have different shape information and the shape information
could be used to distinguish different weld seam type.
Therefore, the shape feature of weld seam is used in this
paper to construct feature vector. The main processes of
feature extraction include the base line determined, feature
extraction, and normalization.

(1) The base line determined

The suitable base line is the key part of feature extraction.
To simplify the calculation process of the base line, the
longest axis of the weld seam is set as the baseline though
the statistics of images pixels. And draw a horizontal line
along the longest direction of the weld seam and the straight
line is set as the baseline. The diagram of the baseline
determined is shown in Fig. 7.

(2) Feature extraction

The feature vectors of different weld seam are con-
structed according to the distance between the every seam

point and base line. The feature vector could be expressed
as follows:

T = [d1, d2, d3, · · · , dm−1, dm] (9)

where T is the feature vector of the weld seam, di is the
distance between the seam point and base line, and m is the
length of the feature vector. To reduce the dimension of the
feature vector and keep the consistency of the length of the
feature vector, the number of the feature vector is reduced
by sampling the image pixels of the weld seam.

(3) Normalization

In order to get the best classification effect, the normaliza-
tion of the feature vector is needed to eliminate the influence
of shooting angle and shooting distance of weld images.

Ti = Ti − Tmin

Tmax − Tmin
(10)

where Ti represents the element of feature vector which
needs to be normalized. Tmin represents the minimum values
of feature vector. Tmax represents the maximum values of
feature vector. The experimental results of feature extraction
of weld seams in Fig. 6 are shown in Fig. 8.

As shown in Fig. 8, the shape feature of weld seam could
well finish the feature extraction of different weld seams.
And the feature vector could well distinguish different types
of weld seams, and it could well serve the detection of weld
seam type.

4.2 Seam-type detection

An efficient identification algorithm is also the key part of
the whole process. At present, the common classification
methods include KNN [25], ANN [26], deep learning [27],
and ANFIS [28]. ANFIS is a new type of fuzzy inference
system combining fuzzy logic system with neural network.
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Fig. 8 The results of feature extraction
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Fig. 9 The typical structure of
ANFIS

ANFIS model realizes fuzzification, fuzzy inference, and
defuzzifier of fuzzy system by the neural network, and
it could extract fuzzy rules automatically from input and
output data with the learning mechanism of neural network.
It not only has the ability of adaptive learning of artificial
neural network but also has the ability of fuzzy system. It
has been widely applied into classification and decision-
making problem. Therefore, the ANFIS system is adopted
in this paper to finish the identification of narrow butt joint.

The typical architecture of ANFIS model is a five-layer
feed-forward neural network, and the special structure of
ANFIS model is shown in Fig. 9.

Layer 1: The first layer realizes the fuzzification of
input data and the Gaussian function is adopted as the
membership function.

O1,n = μAn(x) = e
− (x−cn)2

2σ2n (11)

where μAn is membership function, x is the input data, and
cn and σn are the parameters of the Gaussian function. These
parameters in this layer are called premise parameters.

Layer 2: The function of this layer is to multiply the input
data and output the calculation results. The output of each
node represents the excitation intensity of a fuzzy rule.

O2,n = wn =
∏
kn

μAkn(x) (12)

Layer 3: This layer computes the normalization reliabil-
ity.

O3,n = wn = wn∑
j

wj

(13)

Layer 4: The output results of fuzzy rules are computed
in this layer. Each node of this layer is an adaptive node with
a node function and the node function is linear function fn.

O4,n = wnfn = wn(
∑

k

pn
k xk + rn) (14)

where the pn and rn are the parameters of the node function
and the parameters in this layer are called consequent
parameters.

Fig. 10 The special flow chart
of ANFIS classification model
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Layer 5: This layer is the output layer and it has only one
output node. It calculates the final output of all fuzzy rules
as the total output of the system.

F = O5,n =
∑

wnfn =
∑
n

wnfn

∑
n

wn

(15)

In order to improve the learning speed of the ANFIS
model, the hybrid algorithm is used to optimize the
model parameters. During the hybrid algorithm, the back-
propagation algorithm is used to optimize the premise
parameters, while the consequent parameters are adjusted
by the least squares algorithm. The hybrid learning
algorithm could not only reduce the dimension of the
search space, but also improve the convergence speed of
the parameters. The special flow chart of classification of
narrow butt joint based on ANFISmodel is shown in Fig. 10.

5 Experiment

Some experiments were carried out in this paper to validate
the effectiveness of the proposed method. And the special
experiment system is shown in Fig. 11.

Here, the Motoman UP6 industrial manipulator is to do
some experiments and verify the proposed algorithm of
this paper. The CMOS camera with a total pixel number
of 2592*1944 MER-500-7UC is adopted to capture images
and the special characteristics of the camera are shown
in Table 1. And the seam extraction and identification
algorithms are realized in the visual computer.

Fig. 11 The experimental system

Table 1 The characteristics of camera

Case Parameters Value

1 Resolution 2592(H) x 1944(V)

2 Frame rate 7Fps

3 Sensor type 1/2.5”CMOS

4 Lens 8mm

5.1 Seam extraction

During the much research works about edge detection,
some operators have been widely applied into the seam
extraction,such as Canny operator and Sobel operator. They
could not only produce better detection results about edge
information but also could smooth the noise information.
Therefore, the Canny operator and Sobel operator are set as
contrast methods in this paper to finish the edge detection of
the straight weld seam and the half-moon weld seam. The
special experimental results are shown in Fig. 12.

As shown in Fig. 12a, b, it shows the results based
on Canny operator. Figure 12c, d shows the results based
on Sobel operator. They could produce better detection
results about edge information. Due to the influence of
texture information of welding workpieces and environment
information, the experimental results not only include weld
seam but also include some noise information. However,
based on the experimental results in the Fig. 4, the propose
method could not only finish the seam extraction but also
contain little noise information. Therefore, the propose
method could well adapt to seam extraction of narrow butt
joint with various shapes and sizes under weak contrast.

5.2 Zig-zag weld seam extraction

In order to better verify the generality of the proposed
algorithm, this paper also tests the effect of seam extraction
and identification of zig-zag weld seam and the special
experimental results are shown in Fig. 13.

As shown in Fig. 13a, it shows the results of image
pre-processing, and Fig. 13b shows the results of seam
extraction of zig-zag weld seam. Figure 13c shows the
image post-processing, and Fig. 13d shows the results of
feature extraction. According to the above experimental
results, the proposed operator of seam extraction could
well finish the seam extraction of zig-zag weld seam.
Therefore, the proposed operator of seam extraction has
good generality, and it could well adapt to the detection task
of various narrow butt joints.

Meanwhile, the feature vector of zig-zag weld seam
is different from the straight and half-moon weld seams.
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Fig. 12 The experimental results
of Canny and Sobel operators

Fig. 13 Seam extraction and
feature extraction of zig-zag
weld seam
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a b

c

Fig. 14 The construction methods of different auxiliary points

Therefore, the shape feature could well sever the weld seam
detection based on ANFIS model.

5.3 Comparison with existingmethod

To better verify the performance of the proposed method,
the existing method is set as contrast experiment in this
paper. To well finish the seam-type detection, Shah et
al. proposed a novel method through the construction of
different auxiliary points [15]. In order to finish the weld
seam detection of various weld seam type, the shape of weld
seam is used to construct different auxiliary points. The
special construction methods of different weld seams are
shown in Fig. 14.

As shown in Fig. 14, this method could only detect
some special weld seams. Meanwhile, the construction of
different auxiliary points causes that this method has poor
flexibility to adapt to complex weld seams. Meanwhile,
the proposed method could well realize much weld seam
detection. And the proposed method has much advantages,
such as simplicity, fast speed, and good robustness.

Therefore, the proposed method could well finish the
automatic seam-type detection.
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Fig. 15 The training error of the ANFIS model
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Fig. 16 The final structure of the ANFIS model

5.4Weld seam-type detection

For the task of weld seam detection, this paper uses welding
robot system and machine vision system to collect different
images of welding work piece and build training sample
set through seam extraction and feature extraction. For the
straight weld seam, the half-moon weld seam, and the zig-
zag weld seam, we collect 150 images to build the ANFIS
training sample set and use the training sample set to train
the ANFIS model. In order to train the ANFIS model, these
weld seams are labeled with 0, 1, and 2. After 100 epochs
of network training, the training error is shown in Fig. 15.

As shown in Fig. 15, the ANFIS model has higher
convergence speed of the model parameters. The final
structure of the ANFIS model after training process is
shown in Fig. 16.

Meanwhile, to verify the performance of the proposed
algorithm, 180 images are collected by changing the
illumination conditions and the attitude of the welding work
piece to construct test sample set. The special test results are
shown in Fig. 17.

As shown in Fig. 17, the test results are consistent with
the actual experimental data. The average testing error of
test sample set is 0.0207. Therefore, the ANFIS algorithm
could well to finish the identification of narrow butt joints
in this paper.

ANN is a common machine learning algorithm, which
is simple, stable, and efficient. And it is widely applied
into pattern recognition and target classification. To verify
the performance of the detection algorithm of weld seam
type based on the ANFIS model, the ANN classification
algorithm is set as a contrast experiment in this paper. The
specific prediction results based on the ANFIS model and
the ANN model are shown in Table 2.
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Fig. 17 The test results of ANFIS
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Table 2 The specific prediction results of ANFIS model and ANN
model

Case Method Results Accuracy rate

1 ANFIS 180/180 100%

2 ANN 178/180 98.9%

From the above experimental results, it could be seen
that the ANFIS model could obtain higher recognition
accuracy compared with the ANN classification algorithm.
Therefore, the ANFIS model is adopt to finish the weld
seam detection.

6 Conclusion

The aim of this paper is the development of an automatic
extraction and identification algorithm of narrow butt
joint under weak contrast to be used in an industrial
robotic welding system. The proposed seam extraction and
identification algorithm could well extract and identify
weld seams of various shapes and sizes without any prior
knowledge of the geometry or location of the work piece.
The main conclusions are drawn as follows:

1. A new seam extraction operator of narrow butt joint
under weak contrast is proposed, which could well
extract narrow butt joints with various shapes and
sizes. Compared with the traditional algorithms based
morphological image processing, the proposed operator
could well realize the fast and accurate seam extraction.

2. A robust and simple feature based on the shape of the
weld seam is designed to construct the feature vector
of weld seam, which could well distinguish different
types of weld seams. Compared with traditional image
features, it has accurate expressive ability of different
weld seams.

3. The ANFIS algorithm is adopted to do automatic
classification task of weld seam type, which is a
good solution to the classification problems with small
samples.

However, the proposed algorithm in this paper is
not perfect, which cannot adapt to the more complex
environment. In the future, we will improve our work to
improve the robustness and performance of the proposed
algorithm and finish the 3D path teaching of narrow butt
joint of welding robot.
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