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Image Processing for On-Line Detection of Welding Process (Report IT) T
—Binary Processing for the Image of Arc Welding Process—

Katsunori INOUE*

Abstract

The application of the BIP is described continuing the previous report.

The image which is picked up from the arc welding process progressing part with TV camera is processed with the
BIP and the necessary information for the arc welding automation is extracted. The procesis consist of adjustment of
the threshold value, reading the image data, the smoothing and the differential operations, extraction of the required
parts and detection of their positions. These procesis are combined together, the algorithm for the real-time detection is

composed.

The image obtained during welding is processed, the real-time detection is performed successfully by this algorithm.

KEY WORDS:

1. Introduction

It was reported previously that the image obtainéd by
observing the arc welding process progressing part with a
suitable optical device had various useful informa-
tion.?) ~ ) We can extract more reliable information if
the similar image is processed with the BIP, on which the
report was also made previously.”

In this report, the image processing algorithm is des-
cribed by adducing an example of application of this
method to butt welding of square groove joint. The
usefulness and effectiveness of this method are also
proved by showing the result of real-time extraction of
the necessary information for arc welding automation
from the actual image which is picked up during welding.

2. Image of Arc Welding Process Progressing Part
When we look down obliquely from the front of the
arc welding process progressing part, whose schematic

illustration is shown in Fig. 1, with TV camera, the image
as shown in Fig. 2(a) can be obtained. On picking up
this image, the TV camera was laid on its side in order to
be convenient for processing the image with the BIP. On
such an image, the necessary values for arc welding auto-
mation are shown in Fig. 2(b). The parts indicated as a
and b correspond to the groove face, the distance W
between them expresses the groove width, and the parts
indicated as ¢ and d correspond to the outer circumfe-
rence of the electrode wire, the distance E between the
center of a, b and that of ¢, d corresponds to the wire
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Fig. 1 An illustration of the arc welding process progressing
part.

(@ (b)

Fig. 2 (a) An example of the image, picked up with TV camera,
on a monitor.
(b) Schematic illustration of the necessary values for arc
welding automation in the image.

deviation from the weld line respectively in this figure. In
addition to these values, the distance L between the lower
end of the wire e and the part f which corresponds to the
front edge of the molten pool is an important factor
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which has an effect on the weld result.

The other values than described above are also related
to the result of the weld, however, the author makes no
mention of them. In this report, the measurement of W
and E values is only described as follows.

3. Image Data Reading and Processing

3.1 Adjusting threshold value and reading image data

It is possible to read the image data with the BIP by
the same method as reported prev10usly7) When the
image is converted into binary data with the BIP, the
threshold value of the BIP must be set suitably so as to fit
the brightness of the image. The configuration of binary
image data, which is converted from the stationary image
like as the photograph of Fig. 2(a) with several levels of

threshold values, is shown in Fig. 3, where the levels are

Threshold value
0.125 W

Fig. 3 An effect of the threshold value of the BIP on the outline
of the image data.

expressed as voltage and the video signal from TV camera
or VTR is adjusted so that its white and black levels may
become 1 and O volt respectively, therefore, all the levels
are within the grey level. The image in this example is so
high contrasty that the level change of the threshold value
does not affect the shape of the binary image to measure
W and E values. Such image of good quality can not
always be obtained, so we must measure the necessary
value only in the case the good quality image is obtained.
The setting and adjustment of the threshold value is as
follows; First, the initial threshold value is assumed, then,
the image data are read in and the summing up value ElB
of the bright data By (for By (I=1 ~ ﬁ) refer to the
previous report) is obtained. The value ¥ By is compared
with the preset value and, if the differerllze1 between them
is not within the allowable limit, the threshold value is
adjusted according as the amout of the difference.

3.2 Preprocessing — Smoothing operation

The image of arc welding process progressing part is
unstable due to momentarily flickering of welding arc and
fluctuation of molten pool. In some cases, the noise is
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generated at the horizontal scanning in TV camera due to
heavy current of welding, and is superposed on the video
signal.

Therefore, the outline of the image which is

Fig. 4 (a) Outline of the image before the smoothing operation.
(b) Outline of the image after the smoothing operation.
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()]
Fig. 5 (a) Flowchart for the smoothing operation.
(b) Elimination of a projecting part by the smoothing
" operation.



Image Processing of Welding Process

obtained by processing with the BIP has the large project-
ing part, which should not exist originally, and the small
ripples as are seen in Fig. 4(a). They are harmful for the
differential operation described later, so they must be
removed.

The smoothing operation, whose algorithm is shown in
Fig. 5(a) as a flowchart, is performed to remove these
harmful parts. (The reader may refer to Fig. 4 of the
previous report for By and Dy in this flowchart.) The
projecting part which may exist on the outline of an
image and is drawn as a thin line in Fig. 5(b) can be
changed to a thick line by drawing the image on the basis
of S; and Ty values (I=2 ~ N) which are obtained by the
smoothing operation. The outline of the image shown in
Fig. 4(a) is also changed into that of Fig. 4(b) by remov-
ing the projection and the ripples in the same way.

3.3 Differential operation — Extraction of required
parts

It is necessary to search the processed image data S
and Ty in order to find out the suddenly changing points
on the outline and to obtain a, b and ¢, d positions which
are illustrated in Fig. 2(a) and correspond to the groove
face and the circumferential of the wire.

First, the differential operation is performed on the
image data for this purpose. Equation (1) is applied to
the image data S; and Ty.

Cy=Sp4y +2(Sp4y +S)+S;_; (right side) }
¢9)

=Tpp 2(Tpeq + Ty + Ty (left side)

, where S; and Ty are defined in the flowchart of
Fig. 5(a) '

The processing result on applying equation (1) to the
image data of the left and right outlines in Fig. 4(b) is
shown in Fig. 6. The right outline does not show so

Fig. 6 The result of the differential operation for the image data.

29

(29)

suddenly changing (that is to say, the image of the wire is
not so clear) that Cy value has not a sharp peak, however,
its maximum and minimum points correspond to the wire
position. Searching left and right Cj values from top to
bottom (I=3 — N-2), finding out the position of positive
and negative absolute value maximum points and defining
them as a, b, ¢ and d points, W and E values can easily be
calculated.

4, Real-Time Processing

4.1 Algorithm for real-time processing

The algorithm, with which the above mentioned pro-
cessis such as adjusting threshold value, reading image
data, smoothing and differential operations can be per-
formed one by one continuously, must be composed in
order to measure W and E values in real-time from the
continuously picked up images during welding process. In
addition, the routine for examining the reliability of the
measured W, E values is necessary.

An example of such algorithm is shown in Fig. 7 asa
flowchart. As is seen in the figure, the flowchart is

Pe— A
;Preparation routine | @
| Vth-—Vnh,ibt J_J_.
Threshold value P No
is correct : FlagB — 0|1

T
: FlagA—0

| R U

Threshold value V
check and

adjustment
routine

Image data
input routine

Threshold value
is adjusted

Yes ~ FlagA=0~,No
?

Preprocessing and

feature extracting
routine

No || Controt signal

output routine

P—pP+1 H
Fiting is _in-complete

—{Flag B—1 l—

Filing is complete

Standard data
tiling routine

Fig. 7 Flowchart for the real-time detection of wire and groove.

composed of several routines and the branch to any routi-
nes is judged by examining flag A and B. The outline of
the algorithm is as follows;

The initjal values for the threshold and flags are set and
reading the image data is performed at first stage. In the
next stage, the threshold value is examined by the way
described in the section 3.1 and adjusted according to the
prescribed algorithm if it does not pass the examination.
In case of passing, the flag A is changed. After that, the
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data are read again in both cases. In case of correct
threshold value (in case of flag A=1), the flow branches to
the preprocessing and feature extracting routine, the
above mentioned smoothing and differential operations
are practiced and the required position is detected. The
flow, then, may branch to the standard file routine
according to flag B. The order and distance among the
positions of a, b, ¢ and d points are examined whether
they are proper and within the prescribed allowable limit
or not at the standard file routine, the only data which
pass the examination are registered in the standard file.
When the standard file is completed, the flag B is chang-
ed. Since then, the flow branches to the control signal
output routine, where the detected points are examined
by comparing with the standard file data, the W and E
values are calculated on the basis of the measured values
and they are sent to the control system of an welder if the
result of the examination is proper. At the same time, the
oldest data in the standard file are replaced with these
new measured values, thus, the file is renewed. In case of
not passing the examination in the control signal output
routine, the W and E values are calculated on the basis of
the stored data in the standard file. After the flow passes
this route at the alloted times, the flag A is changed again
and the same procesis are repeated.

As described in the section 3.1, it is unnecessary to
adjust the threshold value so severely in this application of
the BIP, we have only to adjust it in the intervals of
detection as shown in the algorithm of Fig. 7.

It is indispensable to such an unstable image like as the
example reported here to make a standard file. It is
desirable that the number of the file data set is of 2" (n is
equal to 4 or 5 usually) from the view point of easiness
for arithmetic operation.

4.2 Result of real-time detection test

Two examples of the real-time detection test result are
shown in Fig. 8 together with the objective images. These

Fig. 8 The results of the real-time detection.
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images were obtained during CO, arc welding under the
condition of 30(V), 400(A) and 300(mm/min). The
groove width of the work piece is wider than the wire
diameter in the upper image and narrower in the lower
image. The detection results are output about every
70(ms) on an average and displayed as the relative posi-
tions of a, b, ¢ and d points at every time. In both
examples, the relative position of the wire to the groove
can be measured exactly, the weld automation system
can obtain necessary information.
It can be concluded that the result is satisfactory.

5. Summary

This report is summarized as follows:

(1) It is shown that the useful information for arc weld-
ing automation can be extracted from the image of
the arc welding process progressing part.

(2) Algorithm for processing the image to extract the
necessary information and to detect the required
values is described and the examples of the result at
each processing stage are shown.

(3) The real-time detection algorithm for this image
obtained during welding and its test result are shown.
It can be concluded from the result that the method
described in this report is useful to obtain necessary
information for the arc welding automation.
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