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Abstract. Precise measurement of tailor-welded blanks is crucial for
quality control of laser welding. The difficulty in measuring the seam
profile of similar gage tailorwelded blanks lies in lacking of solutions to
locate their feature points such as those representing the laser stripe. A
laser sensorbased method is proposed to measure tailor-welded blanks
based on its laser stripe and texture features, from which the proposed
algorithm is employed to extract the feature points for seam profile as-
sessment. The algorithm is evaluated on a laser-based weld seam mea-
surement system, the experiment results show that the proposed method
measures the tailor-welded blanks with high accuracy and is suitable for
online inspection.

1 Introduction

A tailor-welded blank (TWB) is composed of two or more dissimilar sheet metals
with different shapes, strengths, materials, or thicknesses that are butt-welded
together before being formed [1]. Recently, a tailored blank laser welding has been
widely used in the automotive, aerospace, electronics, and heavy manufacturing
industries due to its high speed and high precision [2-4]. TWBs are replacing
conventional sheet metal blanks in a rapidly increasing number of these applica-
tions [5]. In addition, TWBs are not limited to using dissimilar sheet metals that
are butt-welded together, the similar gage sheet metals are used for TWBs to
increase material utilization and reduce the number of forming and material han-
dling operations [6]. Measurement of the weld seam profile is critical for ensuring
high welding quality of the laser welding [7]. Online measurement can provide
weld quality information that can be used to optimize welding parameters and
reduce cycle time and material waste by terminating the welding process when
weld defects are detected [8]. Accordingly, many methods have been presented
for inspecting the quality of weld seams in laser welding, including electromag-
netic acoustic transducers [9], laser vision sensors [10-12], and magnetic flux
leakage detection systems [13]. Among these methods, the laser vision sensor is
noncontact and can be easily mounted on the rear of a welding torch to perform
online weld seam inspection after completion of the welding process. Some laser
vision sensors have been developed for weld seam inspection, and most of them
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have been used to measure the weld seam profile according to only the feature
points of the laser stripe [14-16]. However, in measuring the seam profile for
similar gage-tailored blanks, it is difficult to identify the feature points because
the weld seam is small and the laser stripe feature points are not obvious. To
solve this problem, a method for measuring the weld seam profile based on a
laser stripe and texture features is proposed in this paper. The rest of this paper
is organized in the following manner. A laser sensorbased method is proposed to
measure tailor-welded blanks based on its laser stripe and texture features, from
which the proposed algorithm is employed to extract the feature points for seam
profile assessment in Section 2. In Section 3, the structure and configuration of
the laser vision sensor used to capture a grayscale image of the weld seam with
a laser stripe are described and analyzed, and a direct calibration method for
calibrating the laser vision sensor is discussed. In Section 4, a weld seam mea-
surement system is built, and experiments are carried out. The experimental
results for the weld seam measurements are presented. This paper is concluded
in Section 5.

2 The Proposed Method

The weld seam image of the similar gage tailorwelded blanks contains the weld
seam region, the sheet metals, and the heat-affected zone. Figure 1 is an image
of the weld seam which the thickness of tailored blanks is 1.0 mm. In the mea-
surement of the seam profile for similar thickness tailored blanks, it is difficult
to identify the feature points only according to the laser stripe because the weld
seam is small and the turning points of the laser stripe are not obvious. The
texture features in the weld seam region and the non-weld seam region have ob-
vious differences. Thus, a laser sensorbased method is proposed based on its laser
stripe and texture features for extracting the feature points. In this section, the
image processing algorithm is explained. The flow chart of the algorithm is shown
in Fig. 2. The algorithm includes the weld seam image segmentation based on
texture features, the feature point extraction, and the dimensional parameters
calculation.

2.1 Weld seam image segmentation based on texture features

Texture features of weld seam image First, a ROI of the weld seam image
in a given area is selected to reduce the computational load of the measurement
process. And then, the ROI image needs to be divided into n sub-images with
a size of w x h0 to segment the weld seam region effectively and reduce the
processing time. The equation for n is as follows:

n = col×row
w×h

where col is the width of the image and row is the height of the image, w
is the width of the sub-image, and h is the height of the sub-image. The sub-
image needs to be large enough that the texture features of the sub-image can
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Fig. 1. An image of the weld seam

adequately reflect the texture features of the weld seam. Meanwhile, if the sub-
image is too large, the recognition error will increase. Therefore, an appropriate
size for the sub-image should be chosen. In this paper, the size is determined by
the experiments, and the appropriate size is 20 pixels x 40 pixels. Consequently,
the texture features of the weld seam image need to be extracted. There are vari-
ous methods for analyzing the texture features of an image, such as the structural
texture analysis method, the spectral method, and the texture model method
[1719]. These methods have characteristics that are not intended for analyzing
the texture feature of weld seam images. In view of the natural texture of a weld
seam for analysis, the method used in this paper is the statistical method that
contains grayscale histogram and gray-level co-occurrence matrix (GLCM). The
texture features of different regions of weld seam images are calculated based on
grayscale histogram, such as the mean, standard deviation, smoothness, third
moment, consistency, and entropy, which can provide statistics on the texture
properties of roughness and smoothness. Three sub-images with a size of 20 pix-
els x 40 pixels are selected from the weld seam region, the sheet metals region,
and the heat-affected zone for calculating the six statistical features mentioned
above. The results are shown in Table 1. The results show that the texture fea-
tures calculated based on grayscale histogram are different for the weld seam
region and the non-weld seam region.

Region Mean Standard deviation Smoothness Third moment Consistency Entropy
Weld seam region 90.18 5.56 4.74e-04 6.64e-04 0.06 4.34
Metal sheet 33.92 2.16 7.20e-05 6.47e-05 0.16 2.97
Heat-affected zone 61.33 20.42 6.30e-03 0.10 0.02 5.90

The GLCM is a matrix where the number of rows and columns is equal to
the number of grayscale level L in an image [20]. The matrix element is also
represented as p(zi,zj), which contains the second-order probability values for
changes between grayscale level zi and zj at a distance d and a particular angle
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Fig. 2. Flow chart of the algorithm

θ. The mean and standard deviations for the rows and columns of the matrix
are shown as follows:

mr =
L−1∑
i=0

zi
L−1∑
j=0

p(zi, zj)

mc =
L−1∑
i=0

zj
L−1∑
j=0

p(zi, zj)

σ2
r =

L−1∑
i=0

(zi −mr)
2
L−1∑
j=0

p(zi, zj)

σ2
c =

L−1∑
i=0

(zj −mc)
2
L−1∑
j=0

p(zi, zj)

Various texture features are extracted from the GLCM. Among these texture
features, six texture features, which are defined as the following equations, are
analyzed in this paper.

Energy: V1=
L−1∑
i=0

L−1∑
j=0

[p(zi, zj)]
2

Contrast: V2=
L−1∑
i=0

L−1∑
j=0

(zi − zj)
2
p(zi, zj)
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Homogeneity: V3=
L−1∑
i=0

L−1∑
j=0

p(zi,zj)
1+|zi−zj |

Entropy: V4= −
L−1∑
i=0

L−1∑
j=0

p(zi, zj) × log2p(zi, zj)

Correlation: V5=
L−1∑
i=0

L−1∑
j=0

(zi−mr)(zj−mc)p(zi,zj)
σrσc

Maximum probability: V6= max(p(zi,zj))
Because the weld seam is in the vertical direction of the image, the angle is

chosen as θ=90. The six texture features are calculated at different distances d,
and the results are shown in Fig. 3, where the distance d is the abscissa and
the texture feature is the ordinates. When the value of d is equal to 10, most of
the texture features of the weld seam region and the non-weld seam region are
obviously different.

Fig. 3. Texture features of GLCM at different distances d

Weld Seam Segmentation It is important to accurately segment the weld
seam region to extract the feature points of the weld seam. In this paper, a
two-step segmentation method is proposed. The backpropagation (BP) neural
network model is trained to roughly identify the region of the weld seam. Then,
an accurate method is used for weld seam recognition.

The BP neural network consists of artificial neurons distributed in differ-
ent layers. The basic structure of the BP network comprises an input layer, an
output layer, and some hidden layers. Before training the network, the appropri-
ate parameters of the network should be designed to obtain better recognition
results.

The 12 texture features are the inputs of the network, so the number of
neurons in the input layer is 12. The number of neurons in the output layer is 2.
The more hidden layers that exist in a network, the more time it takes to train
the network. The number of hidden layers is 1 because the BP network with
three layers can effectively achieve an unknown nonlinear function. The number
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of neurons in the hidden layer is 7. The sigmoid function is chosen as the action
function, and the learning rate is 0.01.

The training samples used to train the BP network are obtained as follows.
First, four images are randomly selected from the image series. Sub-images of the
non-weld image region and sub-images of the weld seam region are selected from
the ROI of every image. The non-weld image region contains the heat-affect zone
and the sheet metals. The size of the sub-image is 20 pixels x 40 pixels. When
the area of the weld seam region is more than 2/3 of the area of the sub-image,
the sub-image is defined as the weld seam region. Second, the texture features
are calculated for every sub-image, and a matrix A1 is obtained. The training
samples are obtained using the normalization process to A1. Finally, the non-
weld seam region is represented as 0, and the weld seam region is represented
as 1. The output vector of the network is a matrix represented as A2. The BP
network is trained, and the training time is 1 s.

The trained BP neural network model is used to identify the region of the
weld seam. The recognition steps are as follows.

Step 1:: The image is divided into sub-images of 20 pixels x 40 pixels, and
the texture features of every sub-image are calculated to form matrix B1.

Step 2:: Normalization processing is used on matrix B1, and then, the ob-
tained matrix is used as the input of the trained BP network. The output matrix
is matrix B2.

Step 3:: The elements of matrix B2 are rounded, which element 0 belongs
to the non-weld seam region, and element 1 belongs to the weld seam region.
After the segmentation, there are usually some sub-images being segmented
incorrectly. Therefore, processing to reduce false classification errors is needed.
A threshold is used for image thresholding. After threshold segmentation, the
largest connected region is obtained, which is the weld seam region. The sub-
image surrounded by sub-images of the weld seam region but identified as a
non-weld seam region are filled, and the sub-images in the edge of the largest
connected region are processed, such as filling the depressions and removing the
protruding sub-images. Then, the weld seam region is identified.

An accurate recognition algorithm is proposed to identify the weld seam
region and shown below. The weld seam region identified above is as the ROI.

Then, the histogram equalization is carried out for the ROI. Consequently,
the image is smoothed with a mean filter operator of 301 x 1 due to the un-
even distribution of grayscale. For the smoothed image, the Otsu thresholding
is applied. Finally, the grayscale projection in the vertical direction of the image
is calculated, and the left and right boundaries of the weld seam are extracted
based on the extreme points.

2.2 Feature Point Extraction

The dimensional parameters of the weld seam are measured using the left and
right feature points of the weld seam. The feature points are defined as the
intersection points of the laser stripe profile and the left and right weld seam
boundaries.
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The algorithm for extraction of the laser stripe profile is presented first. Laser
tailored blank welding is a welding technology with high speed, so a higher image
processing speed is needed to satisfy the requirement. Some algorithms have been
developed for profile extraction based on intensity distribution using methods
such as intensity distribution fitting, center of gravity, and multi-peak detection
[21, 22]. Among these methods, the center of gravity method is commonly used
due to its fast speed and high precision. However, the reflections of the laser
stripe are different from the smooth metal surface and the weld seam surface,
which causes confusion; for example, the width of the laser stripe is different
in that the laser stripe is usually ruptured and there are burrs in the extracted
laser profile. An improved center of gravity method is applied in this paper
according to the width of the laser stripe to achieve the robustness of stripe
profile extraction with high precision. First, the stripe figure in the image is
detected by thresholding, and the up and down edges of the laser stripe are
extracted by scanning the segmented laser stripe. Then, the location and light
intensity of each pixel on the extracted edges can be used to identify the row
coordinates of the center points of the laser stripe. The equation is as follows:

yj =

kj∑
i=wj

f(i,j)·i

kj∑
i=wj

f(i,j)

where f(i,j) represents the light intensity of the pixel in column j and row i
after the image is median filtered, wj and kj represents the row coordinate of the
pixel on the up and down edge of laser stripe in column j, respectively, and yj
represents the row coordinate of the center point in column j. Then, the profile
of the laser stripe is extracted, and the coordinates of the profile are obtained.

Then, for the extracted profile that is found ruptured or has burrs, the pro-
cessing algorithm is performed in the following manner. First, the search is car-
ried out along the extracted laser profile. When the column coordinates differ-
ence of the adjacent pixel on the laser profile is more than 1 pixel, the linear
interpolation of the nearest neighbor points is used to mend the ruptured profile
to obtain a continuous profile. Then, a one-dimensional moving average filter is
applied for removing disturbing burrs. The width of the filter window is selected
as 12 in the experiments.

Finally, the intersection points of the extracted laser profile and the left
and right boundaries of the weld seam are identified as the feature points. The
dimensional parameters of the weld seam can be calculated by the feature points.

2.3 Dimensional Parameters Measurement

The feature points of the laser profile are extracted as p1 and p2 which can
be used to calculate the dimensional parameters of weld seam, such as the bead
width, mismatch, concavity, or convexity, as shown in Fig. 4. The definition of the
dimensional parameters is as follows. The bead width is defined as the horizontal
distance between p1 and p2. The mismatch is defined as the difference in height
of the two parent metal surfaces being welded. Weld concavity is defined as the
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underfill (or suck back) of metal in the weld causing the weld surface to be below
flush with the parent metal surfaces. Weld convexity is defined as the solidified,
overfilled weld metal causing the weld surface to be above flush with the parent
metal surfaces.

Fig. 4. Definition of dimensional parameters of the weld seam

During welding, weld images sometimes are corrupted with weld spatter, so
the measurement results are affected by these disturbances. The false results
are rejected using temporal and spatial continuity constraints. Subsequently, a
supervising mechanism is adopted to give a recommended measurement result if
the false result is rejected. A given array will be used to save five history mea-
surement results, and the mean of the history measurement results is calculated
according to the array. When the difference between the mean and the current
result is more than the set threshold of 0.2 mm, the mean will substitute for the
current measurement result.

3 Laser Vision Sensor

3.1 Laser Vision Sensor Description

The laser vision sensor is used to capture the weld seam images. It consists of
a laser projector, a camera module, and a LED ring light, as shown in Fig. 5a.
The laser projector is used to generate a laser stripe that projects onto the weld
seam. The camera module includes a focus lens and a Camera Link camera with
a complementary metaloxidesemiconductor (CMOS) image sensor. The CMOS
camera is used to record a 1024 pixels x 1024 pixels grayscale image at the
same point on the weld seam where the laser stripe is located. Thus, the image
captured by the camera is a grayscale image with a laser stripe. The principle
of the measurement is primarily based on the laser triangulation technique.

The laser vision sensor is mounted on the rear of the welding torch and above
the weldment. During welding, the sensor scans the weld seam and captures the
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Fig. 5. a Diagram of the laser vision sensor; b the principle of the direct calibration
method; c photo of the calibration target; d stripes on a calibration plate

grayscale images of the weld seam with a laser stripe. The acquired images are
transferred to the image processing module for extracting the feature points of
the weld seam and calculating the profile dimensional parameters.

3.2 Principle of Calibration

To calibrate the laser vision sensor of small field of view applied in weld seam
measurement with high accuracy and high efficiency, a direct calibration method
based on a support vector machine (SVM) is discussed. The principle of the direct
calibration method is shown in Fig. 5b.

OoUV is the image coordinate system. OXYZ is the world coordinate sys-
tem. The image coordinate (u, v) of an arbitrary point in the light plane has a
relationship to its world coordinates (x, y, z). The image plane is in the OYZ
plane of the world coordinate system. Therefore, the system only needs to build
the relationship between the image coordinates (u, v) and the world coordinates
(y, z). The world coordinates of a measurement point can be obtained when the
measurement is performed according to the relationship of the image coordinates
and the world coordinates.

3.3 Calibration Method

A direct calibration method is proposed for defining the differential measure-
ments between the image plane and the weld frame based on direct mapping
models. The models are built according to the image coordinates and the three-
dimensional coordinates of some feature points based on an SVM. Two models
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for the coordinates y and z in space are established to calibrate the laser vision
sensor.

First, a calibration target is designed to calibrate the laser vision sensor.
A calibration plate is adopted with high-precision equi-spaced black and white
stripes. The width of the stripe is determined by the measurement accuracy of
the laser vision sensor as well as the field of view of the sensor. The calibration
plate is mounted on a three-dimensional precision translation stage. The position
and attitude of the calibration plate are adjusted to ensure that the measured
surface includes the stripes perpendicular to the vertical direction of the preci-
sion translation stage and that the direction of the stripes are parallel to the
horizontal movement direction of the precision translation stage. The photo of
the calibration target is shown in Fig. 5c. And the image of the stripes on a
translation stage is shown in Fig. 5d.

The calibration is carried out by using feature points on the extracted laser
stripe. The feature points are defined as the intersection points of the laser stripe
centerline and the white stripe centerlines. When the laser projector projects the
laser stripe perpendicular to the black and white stripes on the calibration plate,
the reflected images of the laser strip are captured by the CMOS camera as along
with the black and white stripes. The reflected images are processed, and the
feature points are extracted.

First, the region of interest (ROI) that contains the laser stripe and the ROI
that contains the black and white stripes of the calibration plate are set and
extracted respectively. The algorithm can automatically determine the ROIs.
Second, the centerline of the laser stripe and the centerlines of the white stripes
on the calibration plate are extracted based on the intensity distribution. In
each laser stripe profile, a Gaussian profile of the intensity of the pixels versus
their location is generated, and a Gaussian filter is used to smooth the profile.
Then, the peak of the Gaussian profile is chosen as the pixel location for the
laser stripe centerline extraction. In each row of the ROI that contains black and
white stripes, the sum of the intensity value is calculated, and the max values are
chosen as the pixel locations primarily for white stripe centerline extraction. To
accurately extract the white stripe centerline, a sliding window of 3 3 is used to
search along the extracted white stripe centerline through the grayscale centroid
method. Consequently, the centerline of the laser stripe and the centerlines of
the white stripes are fitted by least square fitting. Finally, the intersection points
of the laser stripe centerline and the white stripe centerlines are recognized, and
the subpixel image coordinates of the feature points are obtained.

The feature points in different positions of the light plane need to be recorded
for building the direct mapping models. The calibration method is as follows:

1) The three-dimensional precision translation stage is adjusted to ensure
that the laser stripe is on the initial measurement position.

2) A world coordinate system that originates at the calibration target is
built. The origin position is defined as the intersection point of the laser stripe
centerline and the white stripe centerline on the end of the calibration plate. Axis
Z is defined as the vertical movement direction of the three-dimensional precision
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translation stage. Axis X is defined as the length direction of the black and white
stripes on the calibration plate. Axis Y is defined as the direction perpendicular
to the length direction of the black and white stripes on the calibration plate.
The world coordinates of the feature points are calculated by the origin position,
the width of the stripes, and the indication value in different axis directions of
the three-dimensional precision translation stage.

3) The images are captured for calibration. A calibration image is captured
at the initial position. Then, the three-dimensional precision translation stage
is adjusted in a fixed step along the Z-direction. One calibration image will be
captured when every adjustment is carried out until the image collection process
is finished.

4) The calibration images are processed for extracting the feature points by
the algorithm proposed above. The subpixel image coordinates (u, v) of the
feature points are obtained.

5) The direct mapping models are established between image coordinates and
three-dimensional coordinates based on SVM. The image coordinates (u, v) of
the entire extracted feature points are selected as the network input, the world
coordinate y is selected as the output, and the SVM model of the coordinate y
is established. Then, the image coordinates (u, v) of the entire extracted feature
points are selected as the network input, the world coordinate z is selected as
the output, and the SVM model of the coordinate z is also established.

In the measurement, when the image coordinates of an arbitrary point are in-
put to the model of coordinate y and the model of coordinate z, three-dimensional
coordinates of the point can be obtained from the models, and the vision sensor
can be calibrated.

4 Experiments And Analysis

Experiments are conducted to verify the algorithms feasibility and precision.
First, a calibration precision validation experiment is conducted to verify the
calibration precision. The width of the stripes in the calibration plate is 0.05
mm and the accuracy is 0.01 mm. The resolution in three directions of the three-
dimensional precision translation stage is 0.002 mm. One hundred test points are
selected randomly in the light plane. The image coordinates of the test points
are obtained by image processing. And they are fed into the SVM models. The
world coordinate y and z of these test points are predicted from the models.
By comparing the predicted world coordinates with the real-world coordinates
which are calculated according to the indication value in different axis direc-
tions of the three-dimensional precision translation stage, the accuracy of the
calibration method is calculated. Table 2 presents the results, in which the mean
absolute error is 0.0196 mm in Y -direction and 0.0138 mm in Z-direction. And
then the dimensional parameters of the weld seam, including weld seam width,
mismatch, concavity, or convexity are measured. The experimental equipment
for weld seam measurement is shown in Fig. 6, which consists of a laser vision
sensor, an image processing and control system, and laser welding equipment. In
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the laser welding equipment, a positioning and clamping mechanism is adopted
to make the position of the weld blanks fixed during the welding process. The
laser vision sensor is mounted on the rear of the welding torch for capturing
the weld seam images. And the laser stripe of the laser vision sensor is adjusted
perpendicularly to the weld seam to make the weld seam region upright in sens-
ing images. The laser vision sensor is mounted on the rear of the welding torch
for capturing the weld seam images and controlled by the image processing and
control system. Then, the images are processed, and the dimensional parameters
of the weld seam are obtained. Three sets of workpieces are selected for tailored
blank laser welding and for the measurement experiments. The blank thickness
is shown in Table 3.

Spatial direction Maximum value of Minimum value of Mean value of Root mean
absolute error/mm absolute error/mm absolute error/mm square error/mm

Y 0.0635 0.0001 0.0196 0.0238
Z 0.1352 0.0000 0.0138 0.0272

Fig. 6. Experimental equipment for weld seam measurements

Serial number Tailor-welded blanks thickness/mm
1 1.01.0
2 0.70.7
3 1.21.2

In this paper, the BP neural network is used as a primarily segmentation
method for weld seam recognition. To evaluate the efficiency of the BP neural
network for segmenting the weld seam region, the K-means algorithm is used to
compare with it. The 12 texture features are used as input to K-means algorithm,
and output is the segmenting result. As shown in Fig. 7, the performances of
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the BP neural network are better than the K-means algorithm for all three sets
weld seam.

Fig. 7. The weld seam primarily segmentation comparison by BP neural network and
K-means. a The first set; b the second set; c the third set

As an example, the weld seam coarse recognition result for Fig. 1 is shown
in Fig. 8.

Fig. 8. Recognition result from the BP neural network

The result shows that the weld seam region can be primarily identified. And
then the proposed accurate recognition algorithm is used to identify the weld
seam region and the results are shown in Fig. 8. The weld seam region identified
above is as the ROI shown in Fig. 9a. Then, the histogram equalization is carried
out for the ROI, and the result is shown in Fig. 9b, which clearly shows the weld
seam display. Consequently, the image is smoothed and the result is shown in
Fig. 9c. For the smoothed image, the Otsu thresholding is applied. Finally, the
grayscale projection in the vertical direction of the image is calculated, and the
left and right boundaries of the weld seam are extracted based on the extreme
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points. The result is shown in Fig. 9d. Figure 10 shows the recognition results
of the feature points of the three sets weld seam.

Fig. 9. Accurate recognition of the weld seam boundaries. a ROI; b histogram equal-
ization; c mean smoothing; d weld seam boundary extraction

Fig. 10. Feature point recognition results of the weld seam. a The first set; b the second
set; c the third set

In Fig. 11, the weld seam width measurement value and the true value are
compared respectively for the three sets weld seam, which the measurement value
is obtained from a sequence of frames in tailored blank laser welding of similar
gage blanks. To verify the precision of the measurement, manual measurement
is used as a precise measurement method by measuring the weld bead at the
same positon as the laser stripe projected. A vernier caliper is used by sampling
the weld bead ten times at each position. The accuracy of the vernier caliper is
0.01 mm. The value measured by this method is defined as the true value, which
can be used to compare with the results measurement.

In this paper, three indicators are adopted for error analysis: root mean
square error (RMSE), mean value of the absolute error, and mean value of the
relative error. In Table 4, the RMSE of the first set is 0.12 mm, and the mean
value of the relative error is 9.99%. The RMSE of the second set is 0.064 mm,
and the mean value of the relative error is 6.36%. The RMSE of the third set is
0.054 mm, and the mean value of the relative error is 3.81%.

Figure 11b shows that the measured weld seam width of the second set is less
than the true value due to the interference of the heat-affected zone, as shown
in Fig. 10b. Figure 11c shows that the weld seam width measurement value of
the third set is very close to the true value. The texture feature of the weld seam
region is obvious compared to that of the non-weld region in Fig. 10c. Mismatch,
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Serial number Root mean square Mean value of Mean value Image processing
error (mm) absolute error (mm) of relative error (%) time per frame (ms)

1 0.120 0.109 9.99 789
2 0.064 0.056 6.36 831
3 0.054 0.043 3.81 796

concavity, or convexity can also be measured. The processing time per frame can
satisfy the requirement of the quality inspection of the weld seam.

Fig. 11. The weld seam width measurement comparison. a The first set; b the second
set; c the third set

5 Conclusions

In this research, a laser sensorbased method for measuring the weld seam profile
of similar gage-tailored blanks based on laser stripe and texture features is put
forward, from which the proposed algorithm is employed to extract the feature
points for seam profile assessment. The conclusions are addressed as follows:

1. The new image processing algorithm for segmenting the weld seam region
and extracting the feature points of the weld seam are proposed, and the pro-
file dimensional parameters including weld seam width, mismatch, concavity, or
convexity can be obtained.

2. A detailed structure and configuration of a laser vision sensor are presented
that can capture a grayscale image of a weld seam with a laser stripe. And a
direct calibration method is discussed for calibrating the laser vision sensor with
high accuracy.
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3. Experimental results show that the dimensional parameters of the weld
seam can be measured with satisfactory results in tailored blank laser welding,
and it is suitable for online inspection.
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