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Abstract: One of the widespread non-traditional and non-
contact machining processes is the electrical discharge
machining (EDM) process, which depends on removing
material from the surface by different repeat electrical
discharges between a machined workpiece and a cutting
tool called the electrode. The electrode wear in the EDM
process is one of the parameters of significant technolo-
gical interest. This article proposed a reliable image-based
system that automatically detects and computes electrode
wear in EDM of rectangular steel workpiece plate of AISI
314 using a copper electrode with a rectangular shape.
MATLAB environment and image processing toolbox are
used to identify and manipulate the captured rectangular
electrode image for rectangular electrode data extraction
needed for the electrode wear identification process. The
results show that the proposed image-based approach,
using a non-contact measuring system and relatively inex-
pensive equipment, is suitable with good accuracy and
efficiency for measuring and testing electrode wear.

Keywords: electrical discharge machining, electrode wear,
copper electrode, non-contact measurements, image pro-
cessing, computer vision

1 Introduction

One of the most famous machining processes is electrical
discharge machining (EDM), which fabricates many
industrial parts such as automotive industries, packaging,
surgical instruments, and surgical instruments [1]. Elec-
trode wear investigation in the EDM process plays an
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important role because it greatly affects the quality of
product dimensions.

Lee and Li [2] presented a computer-aided tool design
program for EDM electrodes. This program uses a method
that continuously divides the machining zone into regions
till the electrodes are created. The tool was built and inte-
grated into a famous computer-aided design (CAD)/com-
puter-aided manufacturing (CAM) system. According to
the performance statistics, the effectiveness of the design
can be increased by 50%, with the potential to increase
to 85% through improved application and additional
experiments.

Khleif and Abdullah [3] studied nine cutting tools
made of high-speed steel and a workpiece of 316L using
three different spindle speeds and three radial depths of
cut. The wear estimation process in the cutting tool was
achieved using an optical microscope and vision system.
The percentage of errors in the estimated wear width was
found to be accepted. MATLAB software is used to predict
flank wear.

Kumar et al. [4] conclude with an experimental study
of a stainless steel workpiece combined with Taguchi L9
design to use EDM experimentally. The response variables,
material removal rate, tool wear rate, and surface rough-
ness are optimized using pulse-on time (Ton), current (A),
and voltage (V) as independent factors. The analysis of
variance and signal-to-noise ratio were used in this work
to determine the best independent variables and their
levels.

Khleif and Sabbar [5] enhanced many parameters
computed in the EDM process using Taguchi technique.
The main objectives are to increase the used material’s
removal rate and decrease the tool’s wear rate.

Kumar et al. [6] studied many EDM process parameters
and compared those with other EDM machining para-
meters and found that pulse current is the most important
factor. The present work also suggests an optimum design
parameter setting for obtaining acceptable dimensional
accuracy and surface integrity during the EDM machining
of P91 tool steel.
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The experimental work of Abdulameer et al. [7] dis-
cussed the parameters of EDM on high-speed steel AISI M2
as a workpiece using copper and brass as an electrode. The
input parameters used for this work are current, pulse-on
time, and pulse-off time, affecting the material removal rate
and electrode wear rate. The response surface method,
adopting a face-centered central composite design, has
been implemented in this work. The experimental results
illustrate that the electrode wear rate decreases using the
copper electrode.

The objective of Jia et al.’s [8] work is to control the
final geometric accuracy of a slot machined using opti-
mized electrical parameters. The main factors peak cur-
rent and duty factor are influenced by the electrical tip
geometry pattern. The experiments were conducted to ana-
lyze the pattern of wear corresponding to different levels
of the adopted two factors. The results of this work showed
the feasibility of adjusting the tip wear pattern.

Aghdeab et al. [9] studied the optimal EDM parameters
using a workpiece of AISI M2 and electrodes of copper and
brass. The experimental work is achieved using three dif-
ferent values of current, pulse duration, and pulse pause
time, respectively, that affect the material removal rate and
electrode wear rate. Minitab software is used to analyze the
effect of the input on the EDM. The results approved that the
max. value of material removal rate and the min. value of
electrode wear rate given by the copper electrode.

Pradana et al.’s [10] study aims to investigate the mate-
rial removal rate and surface roughness using different
current and pulse-on times of newly developed Ni and
Cu-free Zr-based bulk metallic glasses by sinking-EDM.
After the surface roughness test and scanning electron
microscopy observation on the workpiece after machining,
both material removal rate and surface roughness were
increased when the higher current was applied. On the
other hand, the longer pulse-on time increased the sur-
face roughness into the higher value but decreased the
material removal rate value. On the contrary, the hard-
ness of the surface was enhanced.

Lakra [11] presented a method for producing specific
tools in the EDM process by changing the polarity. Chan-
ging the polarity involves altering the electron’s route from
the electrode to the workpiece and from the workpiece to
the electrode. This produces more accurate and simple
process to manufacture complicated tools.

Liu et al. [12] have investigated the effects of controlling
a servo feed air gap and the electrode in EDM. The experi-
mental setup includes a linear movement with zero back-
lashes along the x-axis that can be regulated to a resolution
of 0.03 mm. The proposed air gap management technique
improved this mechanism in machining the used alloy.
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A computer vision system is presented by Khleif [13],
which includes a camera for taking images and processing
using MATLAB package. The wear of electrodes is recog-
nized according to the decrease in electrode length after
the EDM process. The proposed investigation results approved
the validity of the proposed image-based method compared
with other ways.

In the present study, we focused on hole drilling tools.
This technology is commonly used in the aerospace and
automobile industries, as well as in the high-tech indus-
tries [14]. The main purpose of the present work is to
investigate the feasibility of EDM electrode wear assess-
ment process using single captured electrode image as a
non-contact technique and relatively inexpensive equip-
ment to measure copper electrode wear in EDM process.
This digital environment can prevent dozens of mistakes
and errors without any loss [15]. Future application areas
of the proposed technique may include the dimensional
measurement of many manufactured parts, and the area
of reverse engineering utilizing CAD/CAM systems [16].

2 Methods and materials

The experimental work of this investigation was conducted
on CHEMER EDM type (CM 3230C), as presented in Figure 1.
In this investigation, rectangular copper electrodes are
used with dimensions of 10 mm x 10 mm x 50 mm and
dielectric solution (transformer oil) to achieve a 3mm
depth of cut in a steel workpiece of AISI 314. The para-
meters listed in Table 1 are used in the experimental work.

Figure 1: CHEMER EDM machine.
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Table 1: Response and control parameters

Coded Actual Parameter Actual level
factor factor (unit)

1 2 3 4
A I Pulse current (A) 2 6 10 14
B Ton Pulse time (ps) 25 50 75 100
C Toff Pulse time (ps) 18 37 50 75

2.1 Design of experiment (DOE)

Three parameters were chosen to achieve the experi-
mental test of this work, as listed in Table 1. The Taguchi
method was used to determine the number of experiments,
as shown in Figure 2.

2.2 Camera setting system

The image processing system used in this work consists of a
digital camera model genx GDV fixed on a special fixture to
ease the camera’s positioning relative to the tested rectan-
gular electrode, as shown in Figure 3. The camera is linked
to the computer using a USB. The acquired information is
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recorded in pixel units, and the computed wear along the
electrode must be in mm units. Hence, the factors of scaling
these units were set in mm/pixel units. The camera calibra-
tion used is published separately [3]. MATLAB package is
used to identify electrode-captured images.

Sliding

Adjustable
CCD camera

Figure 3: Camera positioning system.
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Figure 2: DOE using Taguchi technique.
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Figure 4: Laser Straumann scanning model.

3 Methodology

Sixteen samples of copper electrodes were tested, and their
lengths were measured before and after the machining
process by a digital caliper and then the average lengths
of electrodes were recorded. After this digital caliper mea-
surement process, each tested electrode was scanned before
and after the adopted machining process using a laser
Straumann scanning model, as shown in Figure 4.

3.1 Proposed wear recognition algorithm

An image could be treated as a matrix with information,
and every matrix contains information about the values of
color in each pixel. The image consists of three main colors:
red, green, and blue. The black pixel has a (0,0,0) value, the
white pixel has (255,255,255), and every color with a range
from black to white has values from 0 to 255. The image in
grayscale has only one matrix. This information was the
basics for preparing a mathematical algorithm for image
processing techniques.

3.1.1 Image preprocessing

The colored image of the electrode is captured as shown in
Figure 5. The length of EDM electrodes before and after
machining is captured using a charged-coupled device
camera; the captured image is then processed using the
image processing toolbox in the MATLAB package. The
resulting images were cropped to 200 x 200 pixel resolution
and converted to grayscale and then to binary images
using an image thresholding process to reduce the time
of manipulation of the captured images. Figure 6 repre-
sents the grayscale and the binary images of the tested
rectangular electrode, respectively.
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Figure 5: The electrode-colored image.

(@ (b)
Figure 6: (a) The electrode grayscale image and (b) the electrode binary

image.

Accordingly, the average length of the electrodes com-
puted before the machining process using a digital caliper,
laser Straumann scanning model, and the proposed image-
based approach is listed in Table 2.

3.1.2 Image postprocessing

Image overlapping process for the tested rectangular elec-
trode before and after the machining process can give a

Table 2: Average length of electrodes measured before machining (mm)

Sample Using the Utilizing the laser Using the
digital Straumann proposed image-
caliper scanning model based method

S1 50.07 50.12 49.95

S2 50.10 49.98 50.11

S3 50.05 50.08 50.12

S4 50.13 50.03 50.08

S5 50.10 50.11 50.03

S6 50.1 50.09 49.99

S7 49.90 50.12 50.13

S8 50.11 50.10 50.05

S9 50.12 50.09 50.12

S10 50.08 50.06 50.11

SN 50.13 50.13 50.14

S12 50.15 50.16 50.16

S13 50.03 50.11 50.09

S14 50.14 50.06 49.89

S15 50.19 50.14 50.12

S16 50.16 50.15 50.06
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Figure 7: Image of eight-neighborhood mask.

Figure 8: Magnified part of electrode image overlapping process.
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new image. This unique image will be scanned row by row
along the electrode to recognize the pixel intensity of the
image.

An image of eight neighborhoods, as shown in Figure 7,
is applied, where the electrode image is a pixel with inten-
sity (0) is recorded then the scan is paused. Hence, the mask
is applied to the recorded pixel, where the pixel is located in
the center of the show. The cover will start scanning line-by-
line to search for any pixel with the intensity of (0) to define
this neighborhood as the new mask center. The scanning
continues to examine all the neighborhoods with (0) inten-
sity values.

Table 3: Average lengths of the rectangular electrodes measured after machining (mm)

Sample Average length using Average length using laser Error Average measurement Error
a digital caliper Straumann scanning model device (%) using the image method (%)
S1 49.82 49.50 0.64 49.44 0.77
S2 49.67 49.46 0.42 49.31 0.73
S3 49.65 49.50 0.30 49.42 0.46
S4 49.73 49.39 0.68 494 0.67
S5 49.62 49.44 0.36 49.35 0.55
S6 49.67 49.51 0.32 49.33 0.69
S7 49.71 49.37 0.68 49.42 0.59
S8 49.75 49.41 0.68 49.35 0.81
S9 49.70 49.45 0.50 49.38 0.65
S10 49.73 49.51 0.44 49.31 0.85
N 49.84 49.45 0.78 49.42 0.85
S12 49.73 49.44 0.58 49.40 0.67
S13 49.68 49.61 0.14 49.47 0.42
S14 49.75 49.50 0.50 49.55 0.40
S15 49.80 49.46 0.68 49.53 0.54
S16 49.7 49.53 0.36 49.50 0.42
Av. 49.72 49.47 0.50 49.41 0.63
Std. dev. 0.06 0.06 0.18 0.07 0.15

Av. Electrode Length

49.6

Electrode No.

_o. Av.Electrode length
using digital caliper

_ Av. Electrode length
using laser scan

— A\{. Elgctrode length
using image method

Figure 9: Results of average rectangular electrode lengths measured using the adopted methods (mm).
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Table 4: Experimental average values of the electrode wear (mm)

Sample Average wear Average wear Average wear
using the using the laser using an
digital caliper Straumann image

scanning model approach

S1 0.23 0.41 0.45

S2 0.21 0.43 0.50

S3 0.27 0.37 0.46

S4 0.24 0.43 0.49

S5 0.30 0.46 0.53

S6 0.25 0.50 0.59

S7 0.26 0.45 0.60

S8 0.26 0.52 0.62

S9 0.20 0.52 0.54

S10 0.27 0.46 0.57

S 0.24 0.49 0.60

S12 0.28 0.44 0.58

S13 0.26 0.48 0.63

S14 0.23 0.48 0.55

S15 0.22 0.46 0.52

S16 0.25 0.44 0.52

Av. 0.25 0.46 0.55

Std. dev. 0.03 0.04 0.05

The search process will be continued to cover all the
interesting areas, consequently filling the detected wear
region in the electrode. Figure 8 illustrates the black part
representing wear in the machined rectangular electrode.

4 Results and discussion

Although the goal of measuring electrode wear from a single
captured image is a challenging problem, the suggested

0.7
0.6
0.5
0.4

0.3

Av. Electrode Wear

0.2

0.1

6 8

Electrode No.

10
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methodology succeeded to achieve close to real measure-
ments. Table 3 illustrates the length values of the tested rec-
tangular electrodes computed after machining, using a digital
caliper, laser Straumann scanning model, and the approach
for image-based electrode length assessment, respectively;
the error absolute values were also calculated between the
results of the digital caliper and laser Straumann scanning
model, and between digital caliper and the image-based
approach, respectively, and the experimental results pre-
sent very close results with acceptable agreements.

According to the measurement values and percentage
error listed in Table 3, the laser Straumann scanning model
values show that the highest percentage error value is
0.78% in sample no. 11, and the lowest value for percentage
error measured is 0.14% in sample no. 13. While using the
adopted image-based approach, the highest value for the
percentage error measured is 0.85% in samples 10 and 11,
respectively. In contrast, the lowest value for the error
measured is 0.40% in sample no. 14.

These fluctuating values of percentage error are due to
the image having some isolated objects with single pixel area
because of the image thresholding value and some quantization
errors. To overcome this problem, the image morphological
opening by reconstruction is done to remove these isolated
objects to find focus on the final electrode wear area.

Consequently, results represent common variation in
the investigated results from both the laser Straumann
scanning model and the proposed image-based method,
thus illustrating that resulted values demonstrate good
acceptance and present good agreement.

A comparison chart between the resulted wear values
from the digital caliper, laser Straumann scanning model,
and the proposed image-based approach is shown in

Av. Electrode wear
—® using digital caliper
Av. Electrode wear
~ using laser scan
Av. Electrode wear
using image method

14

Figure 10: The average rectangular electrode wear measured using the adopted methods (mm).
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Figure 9. According to the presented chart, one can observe
a very small variation between the results obtained from the
laser Straumann scanning model and the proposed image-
based approach values, which approved this approach.

Table 4 and Figure 10 list and demonstrate the rectan-
gular electrode wear computed and recorded using the
digital caliper, the laser Straumann scanning model, and
the image-based approach. The results observed that the
laser Straumann scanning model values and the image-
based approach values both agreed to estimate the wear
values of the tested rectangular electrodes.

Based on the conducted experiments, it can be observed
that the electrode boundary in the captured image is more
prone to false feature extraction than the pixels inside the
electrode area due to the image quality and the selected value
of image threshold. These erroneous pixels may have a cumu-
lative influence on the feature attribute assignment process
and therefore may affect the electrode wear measurement
process.

5 Conclusions

High levels of wear will result from a considerable increase
in product surface roughness and dimensional inaccuracy.
In this experimental investigation, an image-based rectan-
gular electrode wear measurement method was proposed
and executed to measure the electrode wear in the EDM
process.

To ensure the effectiveness of the proposed image pro-
cessing technique used in the experimental work of this
investigation, the results derived from this method were
compared with those derived from other methods by using
the digital caliper and the laser Straumann scanning model
method. The obtained results indicated that the proposed
image processing technique is accurate and reliable for
measuring the wear in rectangular EDM electrodes using
a non-contact system and inexpensive equipment and give
a quite satisfactory and close agreement between the
adopted measurement methods.

Conflict of interest: The author states no conflict of interest.
Data availability statement: Most datasets generated and

analyzed in this study are included in this submitted manu-
script. The other datasets are available on reasonable
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