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Image Processing for On-Line Detection of Welding Process (Report It
— Simple Binary Image Processor and its Application —

Katsunori INOUE*

Abstract

The features of the visual information processing technique are examined from the viewpoint of the detection for the
automatic control of welding process. The image processing method that is most suitable for these features is proposed.
The image of the object is processed and converted tnto binary data by the processor. The necessary informations are
extracted from these binary data. This processor is called as the BIP (the binary image processor). The hard- and
software of the BIP system are shown with its block diagram and its flow chart respectively.

As an example of the practical application of the BIP, it is shown that the on-line detection of the weld line in butt

welding can be successfully performed.
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1. Introduction

Various optical methods have been proposed for auto-
matic control of fusion welding process.l)Nso) As more
advanced optical method, we can mention the image
processing technique, by which two or three dimensional
visual informations are processed and necessary informa-
tions can be extracted on using digital computer system.
The application of image processing technique to the
practical production system has ever been studied vigor-
ously in many countries and its level comes up to the
considerable high stage. However, the practical applica-
tion of this technique involves many problems to be
solved, it is not progressed so much.

In this report, the several special features which yield
when the image processing technique is applied to the
on-line detection of welding process are examined. The
image processing method that is most suitable for these
features is proposed. The hard- and software of the pro-
posed system are shown with its bloek diagram and its
flow chart respectively.

An example of the practical application of this method
is also shown. The detection of the butt weld joint of flat
plate is performed with high accuracy and high speed.

2. Features of Image Processing on On-Line Detection of
Welding Process

The features which yield when the image processing
techique is applied to the on-line detection of welding
process are as follows;

1) In many cases, the image of the object is not clear-cut
in shape and unstable in time.

2) We must take a measure to diminish the effect of such
noise as superimposed in the image itself and electrical
one that is generated in the circuit of the hardware.

3) From a view of practical use, the shape of the object to
be processed is considerably simple, and the so-called
top-down approach is possible in many cases.

4) The processing time required for one frame of the
image may be about 10 (ms) ~ 1 (s), judging from the
proceeding rate of welding process.

5) It is desirable that the processing apparatus is simple,
in-expensive and durable as much as possible.

As the most suitable image processing system for above
mentioned items, the system described in the next chapter
is proposed.

3. Image Processing System and Binary Image Processor

3.1 Outline of image processing system

The block diagram of the image processing system is
shown in Fig. 1. The image of an object is taken by TV
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Fig. 1 Block diagram of image processing system.
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camera and recorded with VTR if necessary. The video
signal of the image is processed with the binary image
processor ; BIP which is controlled by the micro computer
system and converted into binary data. The BIP is deve-
loped on taking the features described in the previous
chapter into consideration and its detail is described in
Section 2. The binary data are read with CPU (micro

- processor) and stored in memory. These data are read
out again, processed in accordance with the preset pro-
gram and required informations are extracted. These
results are displayed with CRT, etc. or output as an
analogue signal for automatic control.

3.2 Structure and behavior of BIP

The block diagram of the BIP is shown in Fig.2
Video
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,—j atch
signal Gate lHCounter 1
Object | ﬂ I A T
TV camera Comparator | Reset
j Gate 2 I»A'\—l
Read in
Interrupt
Vertical [

} L
CPU Oscillator
synchronizing Wait

signal reset 2 MHz clock pulse
‘ Qutput to
typewriter,DAC,

graphic display,etc.
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signal \ DAC

Threshold value Counter 2

s

Fig. 2 Block diagram of binary image processor (B 1 P)

together with TV camera, CPU (micro processor i-8080)
and memory. The BIP functions in two modes, that is
data reading mode and data processing mode, and per-
forms recognition of the shape of the object and extrac-
tion of the required informations from the binary image
data. The each element in Fig. 2 is acted according to the
instructions from CPU in the data reading mode. In the
data processing mode, logic and arithmetic operations in
CPU are main performance. The performance in the data
reading mode is explained using Fig. 2 as follows;

The video signal corresponding to one horizontal
scanning line of TV camera or VTR is converted with the
comparator into a binary signal which has only two levels,
high and low. The coverted binary signal controls gate 1
and 2. The gate 1 and 2 are opened by the high and low
level signal from the comparator respectively. (The reverse
action is possible by the switch.) The clock pulse (2MHz)
from the osciilator passes the opened gate and is counted
with the counter 1 or 2. The counted value is latched
by the horizontal synchronizing signal pulse (hssp), read
in with CPU and stored in memory by the time the
counted value of the next horizontal scanning is latched.
The counter 1 is reset by the hssp immediately after
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latching, the counter 2 is reset by the rising edge of the
comparator output signal. Information of one frame of
the image can be read and stored by repeating these
actions to all the horizontal scanning. The vertical
synchronizing signal acts as an interrupt signal for CPU,
which prepares for reading the image data, such as setting
the data store area, at the interrupt processing routine and
returns to the main routine, where CPU outputs the wait
request signal and becomes the *“‘wait” state by itself
stopping all the actions. The “wait” state is reset by the
first horizontal synchronizing signal, CPU comes back
again to the “run” state. In this manner, the action of
video system such as TV camera and VTR is synchronized
with that of CPU. The threshold value for binarization is
output through DAC (digital-analogue converter) from
CPU, where the threshold value can be controlled by the
algorithm according to the preset program.

Usually, the data reading mode finishes after the
image information of one frame has been taken in, the
data processing mode begins. In this mode, the various
processings of logic and arithmetic operations are given to
the image data and the required informations are extract-
ed. The results are output with such a device as a type-
writer, a printer, a tape puncher and a graphic display, or
as an analogue signal (in case of automatic control) thro-
ugh DAC.

3.3 An example of image data reading

An example of the algorithm for reading the image
data of one frame is shown in Fig. 3 as a flow chart. At
first, the necessary initial setting such as decision of the
neglected area in the upper and lower parts of the picture
frame, etc. are performed, then, CPU becomes the state
of interrupt signal request. On arrival of the interrupt
signal (the vertical synchronizing signal), the flow of the
algorithm branches to the interrupt processing routine,
where the threshold value for binarization, the top address
of the data storing area, the required number of the data;
N are set. After interrupt processing, the flow returns
again to the main routine, where CPU outputs the wait
state request signal at first and becomes the “wait™ state
by itself, This state is reset by the wait reset signal (the
horizontal synchronizing signal), CPU begins to run again
and reads the counted values of the counter 1 and 2 as Bj
and Dy respectively which correspond to the bright and
dark parts of the image of the object and stores them in
the memory. These processes are repeated N times, then,
the data reading mode finishes.

In the case of a bright object of arbitrary shape with
dark background as shown in Fig. 4, the shape and the
position of the bright part is defined by the values of By
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Fig. 3 Flow chart for reading one frame image data.
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Fig. 4 Schematic explanation for reading image data.

and D (I=1 ~ N) in the figure.

However, on using this BIP, it is easily understood that
the shape of the bright part must be so simple that the
intersection of its outline and the horizontal scanning line
is less than three. The upper and the lower parts of the
picture are neglected as cut off parts because of their
noisiness. As described previously, the relation of the
bright and the dark parts can be reversed by switching in
the hardware of this system. It is also possible to read D'y

-(see Fig. 4) instead of D;. The resolution of the image in
this processing method is 1/262 in the vertical direction,

11

(171)

about 1/126 in the horizontal direction respectively in
case of using 2 : 1 interracing type video system. (The
resolution in the horizontal direction depends on the
frequency of the oscillator in the BIP.)

4. An Example of On-Line Detection with BIP - Weld
Line Detection in Butt Welding

As an example of the application of the BIP system,
the weld line detecting method in butt welding of flat
plate is described as follows;

The situation is so severe that the gap of the joint is
nallow and less than 0.5 (mm) as shown in Fig. 5(a), the
tack weld parts exist in places on the weld line. The weld
line detection method of an ordinary contact type, or,
even if contactless type, but point detection type, can not
be applied in this situation.

(a) View of butt weld joint

(b) Rectangular spot light projected
on weld line

Fig. 5 Test piece for butt weld joint detection

A new method is developed to overcome this situation.

In this method, as shown in Fig. 5(b), a rectangular
spot light is projected on the weld line, which is detected
as a dark line in the rectangular bright part with dark
background. In this application, only the counter 1 of the
BIP is utilized, because it is not necessary to know the
shape and the position of the bright part, however, like-
wise in the other application, it is important to decide the
threshold value for binarization precisely. The counted
value By is plotted as abscisa against the vertical position I
as ordinates in Fig. 6, where the plotted results shown
clearly the pattern of the gap image as shown in a solid
line if the threshold value is within the proper region, but
the correct gap pattern can not be obtained if the thresh-
old value is too high (a broken line), or, too low (a chain
line).

The pattern of Bys is changed in various ways due to
rust, scale, flaw, smudge, discoloration by heat on the
surface of the material and the deformation at the shea-
ring in the actual weld material. An example is shown in



Fig. 6 Dependency of pattern of binary data on threshold value
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Fig. 7 Effect of digital filtering on binary image data.
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Fig.7,where the upper concave part of By graph (left side)
is corresponding to smudge on the weld material surface.
The digital filtering by the operation of one dimensional
convolution expressed by Eq. (1) is made to the obtained
By values to reduce these harmful influences.

CI =2 (BI+ 2 +BI_2)—(BI +1 +2BI +BI—1)' .. (1)

As the result of filtering, the data showing the gap
position are emphasized and S/N ratio for detecting it is
improved as plotted in the right side of Fig. 7.

The transfer characteristic of digital filtering of Eq. (1)
is expressed as the wave length - gain characteristic by
Eq. (2)

|H()\)[=2](4COSZTN+3)(COS —277”—1)| ....... @)

Where gain is represented by magnifying ratio|H (7\)|,
wave length is represented by A whose unit is a sampling
distance in the vertical direction, therefore, a distance
between adjacent scanning lines. The 7\—|H(7\)|curve
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Fig. 8 Transfer characteristic of digital filter.
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shown in Fig. 8 is obtained from Eq.(2). In Fig. 8, the
wave length A; of the minor peak corresponds to the rising
and decaying slope of the By values which are caused by
the gap image, and the wave length A, of the major peak
corresponds to the B values’ changing pattern due to the
whole image of the gap. Therefore, the information con-
cerning the gap image is emphasized by digital filtering
that follows Eq. (1).

The automatic weld line tracking is possible if the spot
light is projected on the weld line which is preceeding the
welder whose torch installs the projector, the position of
the gap in the spot lighted area is detected and the
position of the torch is adjusted correctly.

Set initial
threshold value

—-—-{Output warning signaj——L‘-{ '
I Input Hdata I———

ICorrect threshold val uel

' No

spot area
proper 2.
1s Yes

cg:§;2:1§y Perform filtering
~ of data

Output control signa1l No

~of 9ap
possible ?

Yes

Fig. 9 Flow chart for real-time joint gap detection with BIP in
butt welding.
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The algorithm for performing this automatic tracking is
shown in Fig. 9-as a flow chart, which is as follows;

At first, the initial threshold value is set immediately
after the start, and then, the By data are input. The sum
up value %DIBI for B; is obtained and checked wether it is
within the allowable limit or not. In the case beyond the
limit, the threshold value is adjusted by following certain
preset algorithm, the warning singal is output and the flow
returns to the data input routine again. The warning
signal expresses that the gap image, hence, t&le weld line
can not be recognized. In the case the value EBI is within
the limit, the flow advances to the next routme where the
input data are processed by filtering of Eq.(1). The
filtered data are searched and checked wether the only
one peak corresponding to the gap image exists or not. In
case of passing the check, the gap position is determined
from the peak position. The result of this determination
is compared ‘with the several past resuls stored in the
memory and its continuity is checked. If abrupt change is
noticed as to the determined gap position, the result is
ignored as an error. In case the continuity is noticed, the
relative position of the gap in the spot lighted area is
obtained, its:deviation is calulated and the control signal
to the servo system is output to adjust the position of the
welding torch, if necessary. If the remarkable peak is not
found out or the plural peaks exists in the filtering result,
it is judged that the weld line recongnition is impossible
and the flow also returns to the threshold value adjusting
routine.

This algorithm is much resistive against various error
factors and has high reliability, because it has many
check routines which prevent it from generating misdetec-
tion.

As an example of processing by this algorithm, clarifi-
cation of the gap position by adjusting the threshold value
is shown. When the two peaks are recognized in the
filtering result of the original data as shown in Fig. 10 left,
the threshold value is adjusted, then, the data input an‘d
the filter processing are performed again following the
flow chart. As the result, the data which correspond to

Threshold value 9.0 Threshold value 6.0
T T

0 T T 0
é>—
2 -—— h 20 T
=
- m——
5 ] P
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. L s
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Convolution Cy

Convolution C;

Fig. 10 Effect of threshold value adjustment on binary image of
joint gap.
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the gap image distinctly are obtained as shown in Fig. 10
right. The time required for this processing is about 60
(ms).

The weld line detection experiment by this method is
performed with the butt weld test piece whose joint gap is
less than 0.5 (mm), and on which the tack weld parts exist
in places as shown in Fig. 11, and it is confirmed that the

Fig. 11 View of tack weld on weld line in butt welding.

correct signal whose error is less than 0.2 (mm) is obtain-
ed every 70 (ms). It is the satisfactory result in practical
usage.

5. Conclusion

 This report is summarized as follows;

(1) The features which yield when the image processing
technique is applied to the on-line detection of weld-
ing process are examined.

(2) The binary image processor (BIP) system which is
most suitable for the above features is developed.

(3) The structure and the performance of the BIP are
explained about its hard- and software.

(4) The BIP is applied to the weld line detection in butt
welding. As the result, it is proved that this BIP has
the necessary detecting ability and the sufficient
practicality even under the disadvantageous condi-
tion.
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