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Description

[0001] The present invention relates to a method for monitoring on line and automatically the wear of electrodes, in
particular graphite electrodes in an electric arc furnace (EAF).

Background of the Invention

[0002] Electrode consumption is an important factor to be taken into account in the optimisation of the electrode quality
and thus in the optimisation of steelmaking process costs in an EAF. Knowing the wear of the electrodes allows improving
the electrode quality and reducing electrode breakage. In fact, in addition to being costly, electrode breakages slow
down production. Fishing a broken electrode tip out of the molten steel bath may interrupt production for up to 5 minutes
if it settles on top. But a broken electrode could easily cause delays up to 45 minutes if it remains inside the bath.
Electrodes are less likely to break later in the melt cycle, but it usually takes longer to get them out of the furnace in a
later heat elaboration phase.
[0003] WO-A-00/74442 discloses a method of determining the electrode length and the bath level in an electric arc
furnace. According to this method, the length of the electrode is determined by moving the electrode, at the end of each
heat, down towards the top level of the steel bath and stopping the electrode movement when a specified stopping
criterion is reached. Accordingly, the distance between the tip of the electrode and the level of the melt is approximately
constant for each measurement. In this state a first electrode position (height) measurement is performed. Thereafter
the electrode is raised outside the furnace vessel until its tip reaches the level of an optical beam path located at a
predetermined height with respect to the bottom of the melt or the vessel. At this position a second measurement is
performed. Based on the two measurements the actual length of the electrode, and thus the consumption of the length
per molten scrap content of a basket can be determined. However, this method does not allow measuring the shape of
the electrode, in particular the tip thereof, and the side wear of the electrode, caused for example by oxidation of the
electrode graphite material during the steel-making process.
[0004] A report entitled "Überwachung der Elektrodenqualität und Verminderung des Elektrodenverbrauches von
Lichtbogenöfen" by Gronau et al, published in "Technische Forschung Stahl" by the European Commission in 1988
(EUR12019DE) discloses a method for monitoring the quality of electrodes and the reduction of electrode consumption
for an EAF at the time of the removal of the electrode from the furnace after the melt. The equipment used, however,
allows only measurement campaigns limited in time. In fact, it does not allow the monitoring of the electrode in a continuous
and automatic way.
[0005] Furthermore, for a comprehensive electrode wear monitoring, important information such as the form of tip
cone and lateral wear, crack forming and crack propagation, nippling problems, tip cracking and "falling off", and loss
of graphite material due to loose particles and droplets are required.
[0006] A digital electrode observation system of the prior art is disclosed by WO 02/28084.
[0007] Accordingly, there is a need for providing a method and an apparatus able to deliver such information for the
purpose of the evaluation of the electrode wear in a continuous and automatic way.

Object of the Invention

[0008] It is therefore an object of the present invention to provide an improved method for measuring the electrode
wear in an electric arc furnace system.
[0009] This object is accomplished by providing a method for monitoring wear of an electrode in an electric arc furnace
comprising the steps of:

taking a digital picture of the still incandescent tip of the electrode;

applying a numerical edge detection filter algorithm to the digital picture so as to obtain a filtered image wherein
abrupt changes in light intensity are identified as contour lines; and

analysing the contour lines to determine the shape of the electrode tip and the presence of cracks.

[0010] Preferably, after the melting of each scrap basket, the method comprises signaling to a digital camera the
passage of the electrode in front of the camera so that the camera may take a picture of the electrode. The picture is
sent to a personal computer, which is preferably equipped with a suitable software for the automatic extraction of all the
relevant information. The information is extracted by a dedicated software. All the information, e.g. raw pictures and
extracted features, may be stored so as to constitute a picture archive and to be used for further analyses.
[0011] Preferably the dedicated software performs a picture analysis of the pixel picture. The picture analysis enables
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a follow-up of the electrode. In particular, it enables to study and know the influence of the dimensional tolerances, the
geometry of the nipples, the applied torque, the mechanical and electric properties as well as the condition of use of the
electrode. This information thus allows optimising the quality of the electrode and rendering the use of EAF more economic.

Brief Description of the Drawings

[0012] The foregoing and other objects, features, and advantages of the invention, as well as presently preferred
embodiments thereof, will become more apparent from a reading of the following description, in connection with the
accompanying drawings in which:

Fig.1: is a schematic view of the apparatus according to the present invention;
Fig.2: is a schematic view of a camera location of the apparatus according to the present invention for the use at a

dual shell electric arc furnace;
Fig.3: shows the rotation and annotation removal step in a picture analysis method according to the present invention;
Fig.4: shows the artificial colouring step of the image, for an electrode tip without electric arc deviation, in a picture

analysis method according to the present invention;
Fig.5: shows the artificial colouring step of the image for an electrode tip with electric arc deviation, in a picture

analysis method according to the present invention;
Fig.6: shows the electrode edge detection step in a picture analysis method according to the present invention;
Fig.7: shows the threshold detection step in a picture analysis method according to the present invention;
Fig.8: shows the non-linear filter matrix for light "grain" or spot removing step in a picture analysis method according

to the present invention;
Fig.9: show the light "grain" or spot removing step after applying the filter of Fig.8 in a picture analysis method

according to the present invention;
Fig.10: shows electrode tip zone detection step in a picture analysis method according to the present invention;
Fig.11: shows the result of electrode tip zone detection step of Fig. 10, as displayed according to the present invention;
Fig.12: shows an example of image pixels used for the electrode tip detection and numerical shape approximation

step in a picture analysis method according to the present invention;
Fig.13: shows the result of electrode tip detection step of Fig. 12, as displayed according to the present invention;
Fig.14: shows the result of the linear approximation of the flanks of the electrode cone, as displayed according to the

present invention;
Fig.15: shows the definition of the oxidized zone of the electrode, as determined according to the present invention; and
Fig.16: is a block flow chart showing an implementation of a picture analysis method according to the present invention.

Detailed Description of the Invention

[0013] Referring first to Fig.2, the present electric arc furnace installation comprises two electric arc furnace vessels
(EAF) 13,14 and a graphite electrode 12 shared between the two EAFs 13,14.
[0014] After melting of one scrap basket, the electrode 12 passes from one EAF 13 to the other EAF 14. A digital
camera 1 is arranged so as to be able to take a picture of the electrode 12 as it passes from one EAF to the other. Fig.
2 shows the passage of an electrode 12 from a first EAF 13 to a second EAF 14. As well known in the art, the passage
of the electrode 12 from the first EAF 13 to the second EAF 14, or the other way around, is controlled by a programmable
process controller (PLC) 11 (shown in Fig.1). The PLC 11 is connected to the digital camera 1 so as to be able to trigger
the camera 1 when the electrode 12 is in a particular position in-between the two EAFs 13,14. As the PLC 11 controls
the electrode position 12 and knows where the camera 1 is located, the PLC 11 can control the camera so as to take a
picture at exactly that moment when the electrode 12 passes in front of the camera.
[0015] The camera 1 is preferably attached to stable beam or wall (not shown) of the steel mill building where one or
more electric arc furnaces (EAF) are disposed. The camera 1 may be embodied as a CCD or CMOS sensor type digital
camera provided with or without a digital signal processor (not shown).
[0016] As shown in Fig.1 the camera 1 is connected for remote control and data transmission purposes to an electronic
data transmission box 3 via a link 2. The link 2 may be made of an optical fibre or any other electrical means. In case
of using an optical fibre, to bridge long distances and prevent electro-magnetic interferences into the data transmission,
an electrical-to-optical converter A is installed close to the camera 1 and a second similar converter B is installed inside
the transmission box 3 The electro-optical converter B is connected to or provided within an electric transmission box
3 which further contains or is connected to electrical communication modules such as current loop modules 8 and 10
which provide for direct electrical communication to both the PLC 11 and the personal computer (PC) 7 via links 6,15.
[0017] The personal computer (PC) 7 is used both for electrode image processing, image storage, a display for the
furnace operator.
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[0018] The current loop modules 8 and 10 of the electric transmission box 3 are connected via a link 9, preferably a
wire link, to provide a direct communication between PC 7 and PLC 11.
[0019] Preferably all of the foregoing modules and converters may convey signals according to the RS232 interface
standard, although the implementation of other communications standards, such as analog signal transmission, Ethernet,
TCP/IP, or FireWire IEEE-1394, is intended to be within the scope of the present invention.
[0020] The picture taken by the camera 1 is transferred with suitable software to PC 7 for extraction of the relevant
information. The software is dedicated program, which will be explained hereinafter in detail.
[0021] The pictures are stored in PC 7 and constitute a digital picture archive. The comparison between the current
and one or more of the former pictures of a specific electrode contributes to establish the electrode consumption.
[0022] Particularly advantageously, according to one aspect of the invention, the information extracted from the picture
includes electrode wear monitoring information such as electrode tip length, overall wear, tip loss, the form of tip cone
and lateral wear, crack forming and crack propagation, side oxidation, nippling problems, overall cracking, "falling off"
of the electrode tip, loss of graphite material due to the particles and droplets, and inhomogeneous temperature profiles
that are related to the electrical arc deviations.
[0023] A preferred picture extraction method will be disclosed with reference to the following description. It is noted
that the extraction method can be performed both in real time so to say "on-line" or at a later stage, namely "offline".
[0024] In the present non-limiting example each picture may by characterized by the following data:

encoding format: JPG,

colours: monochrome with 256 shades of grey,

encoding: of 8 bits per pixel,

resolution of a picture or frame: 632 x 480 pixels,

conversion factor: 5,0456 mm/pixel,

physical surface of the picture: 3,18 x 2,68 meter,

size of the JPG file: from 11 to 18 kB, with a 20% compression factor.

[0025] The digital filtering is defined as convolution product between two matrixes, the first matrix being defined by
the picture such as and having a dimension (number of pixel) equal to that of the analysed picture, and the second matrix
containing the weighted coefficients of the used filter. A preferred numerical filtering algorithm may use the following
formula: 

wherein M is a constant (generally the sum of the weights assigned coefficients of the filter matrix), R is the filtered
picture, S is the picture prior to filtering, K represents the weighted coefficients of the filter, and β is an offset constant.
[0026] An original picture, as described above, contains 632 x 480 pixels, each pixel being encoded by 8 bits, which
permit 256 (28) shades of grey, wherein the value of 0 corresponds to black, or no exposure, and the value of 255
corresponds to white, or maximum exposure.
[0027] It is to be noted that the pictures supplied by a (digital) CCD camera, with integrated digital signal processor,
generally contain two types of information, namely the pictures per se captured by the CCD camera which are used
during the picture analysis and annotations added by the digital signal processor of the camera after the detection of
the tip of the electrode.

1. Rotation and removal of annotations

[0028] The annotations are removed prior to the picture analysis. In the flow chart of Fig.16, the rotation and annotation
removal step is indicated with reference numeral 101.
[0029] In the rotation step the picture is rotated by 90 degrees in the anticlockwise direction without distortion of its



EP 1 558 062 B1

5

5

10

15

20

25

30

35

40

45

50

55

physical dimensions. This step is indicated in Fig.3.
[0030] Subsequently, as indicated at the right hand side of Fig.3 the annotations are removed from the rotated pictures.
Therefore, the present method provides for a step of converting the annotation areas to a uniform dark grey shade. For
instance, the grey scale value of the converted annotation areas may be comprised between the values of 0 though 10.
The step of converting (providing a "makeup") to the annotation zone advantageously allows optimising a subsequent
step of edge detection, which will be described hereinafter.
[0031] The grey converted annotation areas will no longer be considered during the subsequent picture processing.

2. Artificial colouring

[0032] Moreover, according to the method of the present invention, an artificially coloured picture of the electrode is
obtained (indicated as step 108 in the flow chart of Fig.16). In the latter step the light intensity of the electrode, as shown
by the camera picture, is associated with a surface temperature of the electrode. The artificial colouring step allows a
better visualisation of the temperature gradient that is present on the electrode surface when the picture is captured by
the camera. In addition this step of cartographing the light intensity emitted by the surface of the electrode advantageously
allows to quickly estimate an asymmetry in the temperature resulting from a deviation of the arc during the melting
process of the batch (indicated as step 109 in the flow chart of Fig.16). According to a currently preferred implementation
of the present invention, the 256 grey shades are converted to 8 colours in the artificial colouring step, according to
Table 1. The person skilled in the art will however readily understand that the number of grey shades and the number
of artificial colours are not limited to the above figures, and that such figures can be conveniently chosen according to
factors known to the person skilled in the art such as processing speed, required temperature gradient accuracy, etc.

[0033] Fig.4 shows the artificial colouring step, without arc deviation while Fig.5 shows the artificial colouring step,
with arc deviation. In the present application, as the figures are shown exclusively in grey shades, the colouring cannot
be seen.
[0034] As apparent from Fig.4, when there is no arc deviation, the hottest zone of the electrode is situated in the centre
of the electrode.
[0035] In Fig.5, one can clearly see that the electrode is brighter (hotter) at its left side, namely at the side of EAF 13.
The deviation of the hotter zone is shown to be computed at about 20% from the left edge of the figure. The vertical line
provided within the surface of the electrode picture facilitates visualizing the arc deviation. Note that in Fig.4 the vertical
line is running approximately at the centre of the electrode (about the axis thereof) while in Fig.5 the vertical line is
displaced to the left side.
[0036] It should be noted that a step of computing the average light intensity may be provided within the context of
the above artificial colouring step and after the rotation and annotation removal step. The latter average light intensity
computing step provides for particular advantages when the average light intensity value provided therein is used in a
threshold detection step which will be described hereinafter.

3. Edge detection

[0037] Furthermore, according to the present invention, there may be provided an electrode edge detection step
(indicated as step 102 in the flow chart of Fig.16). The electrode edge detection step is preferably carried out on a copy
of the picture or pictures provided, following the rotation and annotation removal step.
[0038] The electrode edge detection step is carried out based on a digital edge detection filter comprising two digital
filters of the type described hereinabove.
[0039] Preferably each of the digital filters is comprised by a 3 x 3 matrix. The first (N-S) of the digital filters detects

Table 1
Grey Shade Level Colour

0-31 Black
32-63 Brown
64-95 Green

96-127 Olive
128-159 Navy
160-191 Purple
192-223 Teal
224-255 Grey
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the edges in a North-South orientation and the second (E-W) of the digital filters detects the edges in an East-West
orientation. The RMS value of the filtering by the two filters provides for an edges detection of the electrode in the above-
mentioned orientations.
[0040] The coefficients of the two matrixes (N-S and E-W filters) are preferably chosen as indicated below: 

[0041] The row transitions of the light intensities (edges) obtained by electrode edge detection step are shown in Fig.
6. The results of the edge detection step are important for the subsequent handling of the picture analysis.

4. Threshold detection

[0042] According to the present invention a threshold-detecting step is provided, which is illustrated in Fig.7 (and
indicated as step 103 in the flow chart of Fig.16). The threshold for the light intensity is preferably defined as being
average light intensity multiplied by 2. As explained, the average light intensity may be provided after the rotation and
annotation removal step. The detected threshold is applied to the picture obtained at the end of electrode edge detection
step.

5. Removing light grains

[0043] Following the threshold detecting step there is provided, according to the present invention, a step for removing
the light "grains" or spots (indicated as step 104 in the flow chart of Fig.16), as illustrated in Fig.8 and 9. The "grains" at
the inner side of the electrode, which are apparent both in the right hand section of Fig.7 and in the left hand side of Fig.
9, are understood to be a consequence of a significant temperature gradient on small surfaces, while the "grains" outside
the electrode are believed to be caused by droplets of water illuminated by the tip of the electrode and by glowing graphite
particles falling therefrom.
[0044] The step of removing the light "grains" is preferably carried out by means of a non-linear digital filter which is
recomputed for each new light intensity which, for instance, for a pixel having the original light intensity c will be a function
of the maximal and minimal light intensity of two neighbouring pixels, as shown in Fig.9. In the preferred method of the
present invention the following formula is used: 

wherein a through i are the light intensities of the pixels shown in Fig.8.
[0045] Preferably, the step of removing grains is repeated up to 15 times to obtain the result shown in the right hand
side of Fig.9.

6. Tip detection

[0046] According to the invention, the picture, preferably the picture obtained after the removing of the light grains, is
scanned (swept), for instance from bottom to top and from left to right to detect the tip zone of the electrode, as shown
in Fig.10. The exterior boundaries of the tip of the electrode are determined by an algorithm, which computes the variables
Tip_i_Min, Tip_i_Max, Tip_j_Min and Tip_j_Max.
[0047] The sweeping or scanning of the picture is started from the left bottom side of Fig.10, and when the first 3
successive white pixels are detected on the same horizontal line the algorithm, which is familiar to those skilled in the
art, detects Tip_j_Max which represents the lowest point of the electrode tip zone. Tip_j_Min, which is the highest point
of the electrode tip zone, is set to be, for instance, about 50 pixels higher.
[0048] The values of Tip_i_Min, Tip_i_Max, which represent the respective left and right boundaries of the electrode
tip zone, are determined by sweeping about 50 lines from left to right and upwards, after detecting the value Tip_j_Max.
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Again, 3 successive white pixels of the same vertical line are indicative of the detection of Tip_i_Min and Tip_i_Max.
[0049] The results of the detection of the electrode tip zone including the variables Tip_i_Min, Tip_i_Max, Tip_j_Min
and Tip_j_Max are shown in Fig.11.
[0050] Fig.12 shows by way of example the extraction step of the pixels of the electrode at the height of the electrode
tip so as to obtain the representation of the electrode tip shown in Fig.13 (and indicated as step 105 in the flow chart of
Fig.16). Note that the pixels representing the electrode tip are extracted preferably following the step of light "grain" or
spot removing.
[0051] In Fig.12, where, by way of example, a picture zone of 5 lines and 24 columns is shown, the white squares
represent the white pixels of the picture. As the picture zone is swept, from left to right and from bottom to top, in line 5
all of the four white squares (pixels) are marked (crossed), as the condition of at least 3 successive pixels on a line is
met. The same occurs in line 4. However, the pixels in an already marked column (namely the pixels M4, N4, 04, and
P4 will not be marked (crossed). In line 3 the condition of 3 successive pixels on a line is not met, and therefore no pixel
will be marked. In line 2, all of the pixels will be marked as the condition of 3 successive pixels on a line is met and the
pixels do not belong to an already marked column. In line 1 the condition of 3 successive pixels on a line is not met, and
therefore no pixel will be marked.
[0052] In this manner all of the 50 lines of the picture of the electrode tip zone are swept, and the pixels retained as
above are subjected to a numerical approximation of degree 2 (parabolic) (indicated as step 106 in the flow chart of Fig.
16) according to the equation: 

[0053] The coefficients k0, k1 and k2, as well as the coefficient y representing the quality of the approximation, are
computed on the basis of the coordinates of the retained (crossed) pixels. The results of the parabolic approximation of
the electrode tip are shown in the right hand section of Fig.13.

7. Flank detection

[0054] In addition to the detection and representation of the tip of the electrode, the present invention also advanta-
geously provides for the feature of the detection of the flanks of the electrode cone (indicated as step 110 in the flow
chart of Fig.16). As the starting point for the latter electrode flank detection feature may be envisaged the "grainless"
picture shown in the right hand side section of Fig.9. The sweeping zone for the flank detection comprises an area
starting from Tip_j_Min up to the top of the picture and from Tip_i_Min-10 (pixels) to Tp_i_Max+10 (pixels) - see also
Fig.10. This zone is swept from top to bottom and from left to right.
[0055] The first and the last white pixel of each swept line is used for respective linear approximations of the left and
right flanks (indicated as step 111 in the flow chart of Fig.16), as per the following equation: 

[0056] Accordingly, the angular coefficients of the straight lines allow estimating the lateral wear of the electrode. In
other words, the more the electrode is worn, the steeper is the slope of the straight line. Fig.14 shows the result of the
linear approximation of the flanks of the electrode.

8. Electrode tip size determination

[0057] Based on the steps of determining the tip of the electrodes and the flanks thereof, the present invention further
provides for a step of determining the size of the tip of the electrode (which is indicated as step 107 in the flow chart of
Fig.16). In particular, the size of the tip of the electrode is defined mathematically by the following three equations: 
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[0058] By solving equations (5) and (6) one can find the coordinates of the two intersection points between the parabola
and the straight line representing the left flank. 

with (x1,y1) representing the first intersecting point and (x2,y2) representing the second intersecting point.
[0059] Similarly, the coordinates of the two intersection points between the parabola and the straight line representing
the right flank can be computed as follows: 

with (x3,y3) representing the first intersecting point and (x4,y4) representing the second intersecting point.
[0060] Only two of the four solutions of the above equations represent the intersections of the straight lines with the
parabola at the level of the electrode tip. The other two are discarded. The small circles in Fig.14 represent the retained
intersection points. The distance between the two circles of Fig.14 is defined as the size of the tip of the electrode, which
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is also referred to as LTip and shown in Fig.15.

9. Determination of length of wear

[0061] Advantageously, the present invention also provides for the calculation of the length of the oxidised part of the
electrode (also indicated as step 107 in the flow chart of Fig.16). As known in the art, the conical shape of the electrode
is subject to changes during its lifetime. The calculation of the length of the non-cylindrical section of the electrode, which
represents the length of the oxide is performed according to the following formula: 

wherein Tip_j_Min, Tip_j_Max, Ltip, kLeft, and kRight are as defined above, and DNom represents the nominal (known)
diameter of the cylindrical section of the electrode 12.

10. Determination of presence of cracks

[0062] Yet another feature of the present invention is envisaged in the provision of the length of the cracks appearing
on the electrode surface (indicated as step 112 in the flow chart of Fig.16). Accordingly the latter length of the cracking
detecting step is based on the edge detection step, in a zone spaced by 10 pixels from the detected flanks and extending
from the tip of the electrode. A sweeping of this zone provides for an accurate detection of the total cracking length of
the electrode.
[0063] The step of detecting the length of the cracking of the electrode may advantageously be performed by setting
a threshold such that all pixels having a light intensity higher than, for instance, 96 are counted. The count number is
divided by 2 (as the cracks are detected on the 2 edges of the electrode) and multiplied by (in the presently envisaged
non-limitative specific embodiment) 5,04 mm - see JPG picture data - to yield the total length of the cracks.
[0064] A block flow chart showing an advantageous implementation of a picture analysis method according to the
present invention is shown in Fig.16. However, the person skilled in the art will readily understand that some of the steps
shown in the flow chart of Fig.16 may be omitted and/or the order thereof changed. Such steps may be advantageously
implemented on a personal computer such as PC 7.
[0065] As can be seen in a step 100, the original picture, preferably in JPG format as explained above, is inputted
from the camera 1 to the PC 7. In a subsequent step 101 the original picture is subjected to the electrode rotation and
annotation removal step. Thereafter, the flow chart branches off to the electrode artificial colouring step 108 and to the
electrode edge detection step 102. The result of the electrode edge detection step 102 is used by the subsequent
electrode threshold detection step 103. In turn the resultant of the electrode threshold detection step 103 is provided to
the grain- or spot-removing step 104. Thereafter, based on the grain free data output of the step 104, the tip of the
electrode may be detected in step 105. Based on the latter data, the parabolic approximation is performed in step 106.
The resultant of the parabolic approximation, step 106, is used along with the electrode artificial colouring step 108 to
obtain the arc deviation of the electrode in step 109. Step 105 can also branch off to the electrode (left and right) flanks
detection step 110, which is followed by a linear approximation step 111 of the left and right electrode flanks. The resultant
of step 111 can also be used in step 109. Furthermore, based on steps 106 and 111 the size of the tip of the electrode
and the oxidation length can be computed in step 107. Finally, the total length of the cracks of the electrodes is computed
in step 112 based on steps 105, 106, and 111.
[0066] The invention, as described and shown herein, is amenable to changes and modification by adding further
detection steps based on the foregoing detection steps without departing from its scope.
[0067] For instance, the "falling off" of the electrode tip could be detected by analysing its cross sectional shape and
the cracks thereof. Alternatively, the fall of the electrode tip could be detected by analysing at the same time the length
of the tip and the slope of the flanks thereof. Finally, the temperature of the electrode surface could be analysed to
provide the furnace operator with data necessary to achieve optimal operation.
[0068] Where technical features mentioned in any claim are followed by reference signs, those reference signs have
been included for the sole purpose of increasing intelligibility of the claims and accordingly, such reference signs do not
have any limiting effect on the scope of each element identified by way of example by such reference signs.

Claims

1. A method for monitoring wear of an electrode in an electric arc furnace comprising the steps of:
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taking a digital picture of the still incandescent tip of said electrode; characterised by the steps of
applying to said digital picture a numerical edge detection filter algorithm so as to obtain a filtered image wherein
abrupt changes in light intensity are represented as contour lines; and
analysing said contour lines to determine the shape of the electrode tip and the presence of cracks.

2. The method as claimed in claim 1, wherein:

a threshold filter is applied to said filtered image prior to analysing said contour lines.

3. The method as claimed in claim 1 or 2, comprising the step of:

removing light grains by means of a numerical filter prior to analysing said contour lines.

4. The method as claimed in any one of claims 1 to 3, wherein the step of analysing said contour lines to determine
the shape of the electrode tip:

detecting the lower contour line of the electrode tip and approximating it with a parabolic curve;
detecting the contour line corresponding to each of the flanks of the electrode tip and approximating it with a
straight line.

5. The method as claimed in any one of claims 1 to 4, further comprising the step of:

detecting asymmetries in the light intensity of the electrode tip to get aware of electric arc deviations.

6. The method as claimed in any one of claims 1 to 5, further comprising the steps of:

a) positioning a camera at the electric arc furnace;
b) providing a link between the camera and a process controller of the electrode;
c) activating the camera along with the moving of the electrode, such that a picture of the electrode can be
captured by the camera after the melting of each scrap basket of the electric arc furnace; and
d) providing the captured picture via a further link to a picture storing and processing means.

7. The method as claimed in claim 6, further comprising the step of signalling to the camera the passage of the electrode
in front of the camera by means of the process controller.

8. The method as claimed in any one of claims 6 and 7, further comprising the step of storing the captured picture at
the picture storing and processing means.

9. The method as claimed in any one of claims 1 to 8, further comprising the step of comparing the captured pictures
of the electrode with the picture of an unused electrode.

Patentansprüche

1. Verfahren zur Überwachung der Abnutzung einer Elektrode in einem Lichtbogenofen, umfassend die Schritte zur:

Aufnahme eines Digitalbilds der noch glühenden Spitze der Elektrode;

gekennzeichnet durch die Schritte zur
Anwendung eines numerischen Randerkennungs-Filteralgorithmus auf das Digitalbild, um so ein gefiltertes Bild zu
erhalten, bei dem abrupte Änderungen in der Lichtintensität als Konturlinien dargestellt sind; und
Analyse der Konturlinien, um die Form der Elektrodenspitze und das Vorhandensein von Rissen zu bestimmen.

2. Verfahren nach Anspruch 1, wobei:

ein Schwellenwertfilter auf das gefilterte Bild angewendet wird, bevor die Konturlinien analysiert werden.

3. Verfahren nach Anspruch 1 oder 2, umfassend den Schritt zum:
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Entfernen von Lichtkörnern durch einen numerischen Filter, bevor die Konturlinien analysiert werden.

4. Verfahren nach irgendeinem der Ansprüche 1 bis 3, wobei der Schritt zur Analyse der Konturlinien zur Bestimmung
der Form der Elektrodenspitze die Schritte umfasst:

zur Erkennung der unteren Konturlinie der Elektrodenspitze und ihre Approximierung an eine parabolische
Kurve; und
zur Erkennung der Konturlinie, die jeder der Flanken der Elektrodenspitze entspricht, und ihre Approximierung
an eine gerade Linie.

5. Verfahren nach irgendeinem der Ansprüche 1 bis 4, ferner umfassend den Schritt zur:

Erkennung von Asymmetrien in der Lichtintensität der Elektrodenspitze, um Lichtbogenablenkungen zu erfas-
sen.

6. Verfahren nach irgendeinem der Ansprüche 1 bis 5, ferner umfassend die Schritte zur:

a) Positionierung einer Kamera beim Lichtbogenofen;
b) Bereitstellung einer Verbindung zwischen der Kamera und einem Prozessrechner der Elektrode;
c) Aktivierung der Kamera zusammen mit der Bewegung der Elektrode, so dass ein Bild der Elektrode von der
Kamera aufgenommen werden kann, nachdem jeder Schrottkorb des Lichtbogenofens geschmolzen ist; und
d) Bereitstellung des aufgenommenen Bilds über eine weitere Verbindung zu einem das Bild speichernden und
verarbeitenden Mittel.

7. Verfahren nach Anspruch 6, ferner umfassend den Schritt, bei dem der Kamera durch den Prozessrechner die
Bewegung der Elektrode vor der Kamera signalisiert wird

8. Verfahren nach irgendeinem der Ansprüche 6 und 7, ferner umfassend den Schritt zur Speicherung des aufgenom-
menen Bilds in dem das Bild speichernden und verarbeitenden Mittel.

9. Verfahren nach irgendeinem der Ansprüche 1 bis 8, ferner umfassend den Schritt zum Vergleichen der aufgenom-
menen Bilder der Elektrode mit dem Bild einer unbenutzten Elektrode.

Revendications

1. Procédé de sùrveillance de l’usure d’une électrode dans un four électrique à arc comprenant les étapes consistant à :

prendre une image numérique de la pointe toujours incandescente de ladite électrode;

caractérisé par les étapes consistant à
appliquer à ladite image numérique un algorithme de filtrage numérique de détection des contours de façon à obtenir
une image filtrée dans laquelle les variations brutales d’intensité lumineuse sont représentées par des lignes de
contour; et
analyser lesdites lignes de contour pour déterminer la forme de la pointe de l’électrode et la présence de fissures.

2. Procédé selon la revendication 1, dans lequel :

un filtre de seuil est appliqué à ladite image filtrée avant l’analyse desdites lignes de contour.

3. Procédé selon la revendication 1 ou 2, comprenant l’étape consistant à :

supprimer les grains de lumière au moyen d’un filtre numérique avant l’analyse desdites lignes de contour.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel l’étape d’analyse desdites lignes de contour
pour déterminer la forme de la pointe d’électrode comprend :

la détection de la ligne de contour inférieure de la pointe d’électrode et son approximation avec une courbe



EP 1 558 062 B1

12

5

10

15

20

25

30

35

40

45

50

55

parabolique;
la détection de la ligne de contour correspondant à chacun des flancs de la pointe d’électrode et son approxi-
mation avec une ligne droite.

5. Procédé selon l’une quelconque des revendications 1 à 4, comprenant en outre l’étape consistant à :

détecter les asymétries de l’intensité lumineuse de la pointe d’électrode pour être averti des déviations d’arc
électrique.

6. Procédé selon l’une quelconque des revendications 1 à 5, comprenant en outre les étapes consistant à :

a) positionner un appareil de prise de vue au niveau du four électrique à arc;
b) prévoir une liaison entre l’appareil de prise de vue et un contrôleur industriel de l’électrode;
c) activer l’appareil de prise de vue pendant le déplacement de l’électrode, de sorte qu’une image de l’électrode
peut être capturée par l’appareil de prise de vue après la fusion de chaque panier de rebuts du four électrique
à arc; et
d) fournir l’image capturée par l’intermédiaire d’une autre liaison à un moyen de stockage et de traitement
d’image.

7. Procédé selon la revendication 6, comprenant en outre l’étape consistant à signaler à l’appareil de prise de vue au
moyen du contrôleur industriel le passage de l’électrode devant l’appareil de prise de vue.

8. Procédé selon l’une quelconque des revendications 6 et 7, comprenant en outre l’étape de stockage de l’image
capturée dans le moyen de stockage et de traitement d’image.

9. Procédé selon l’une quelconque des revendications 1 à 8, comprenant en outre l’étape de comparaison des images
capturées de l’électrode avec l’image d’une électrode non usagée.
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