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Abstract — Laser marking has become an industrial trend to label a product to avoid problems arising from
errors in product placement, labels can also be other markers depending on needs, laser marking can provide
good writing prints on steel sheets. However, problems arise due to poor parameter input errors resulting in
marking reading results that cannot be read by the scanner machine, this study aims to provide an analysis of
the influence of laser marking input variations that can provide good marking quality, to determine the quality
of marking, researchers use a Logitech camera assisted by Open CV programming, to see the quality of laser
marking results that can be read by the scanner. This research method begins with inputting 6 parameter
variations including speed, laser power and laser frequency, then Open CV programming is carried out to obtain
image reading quality with color and line recognition, the reading results will automatically display the error
level of the study. The results of the study explain the first test with a high error rate due to low input variables
so that the reading is not clear, while the error value is 104040 in color recognition and 69024 in lines that are
read with a 100% end range. The lowest error value is in the second test with the highest input variable, namely
1309 in black and white color recognition and 1345 in lines with a range of 100%, therefore the sixth test can be
read clearly and well.
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Introduction

high-quality laser marking results, variations in laser

Laser marking is essential in the industrial world for
identifying product labels, barcodes, and other
necessary processes for product identification. Laser
marking allows for precise marking of highly durable
steel products. However, laser marking machines often
encounter issues with variable input. Variables that are
incompatible with the material being marked can result
in inaccurate marking readings, making the resulting
barcode incapable of being read by a barcode
scanner[1]. From these problems, this research will
adopt several objectives, including installing a camera
that has been programmed in Open CV[2] To obtain

speed, frequency, and power are required. The material
used is SKD-11. This research is expected to contribute
to the industry's efforts in implementing appropriate
laser marking techniques to ensure clear and accurate
readings.

2 Literature Review

Several literature studies are needed to conduct
research related to automatically reading written
characters from a camera and translating those words.
This study focused on cameras that automatically detect
laser marking results.
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Research by Lejar Setia et al. explains that the deep
learning process using YOLOv8 programming can detect
written characters quickly and with a precision of up to
0.8%[3]. Research by Kuric Ivan et al. explains the impact
of camera detection on marking inspection. The results
show that using open character recognition (OCR) in the
AlexNet application on a Logitech camera can accurately
read numbers on rubber materials and can be
implemented to detect writing on rubber wheel
markings with a precision level of 97.8%[4].
Furthermore, in a study by Wei Chang et al., optical
character recognition (OCR) using the YOLOv7
application detected laser markings, including laser
speeds at each laser range. The highest laser reading
speed by the camera was 31 mm/s, with 57 errors.

Laser speed significantly impacts marking quality; the
slower the speed, the clearer the laser marking
reading[5]. Next, we conducted OCR research to obtain
the marking results on glass using a CNN application.
The results showed that using the CNN application, color
types can be combined so that the color obtained by the
glass can adapt to the marking reading. This research
was obtained from Munadhif et al[6]. According to
Chunlin 'et.al.' explains how the color recognition
process on the camera can produce excellent barcode
reading with the OCR approach and the YOLOS8
application[7].

The research discussed by Ren, Chuanxiang ‘et.al’
explains that using a fission camera for a laser marking
robot arm provides good readings by combining the
movements of the robot arm and can read the marking
results data with an error rate of only 5%[8]. From the
research, it can be concluded that in the laser marking
process, the clarity of the resulting writing is very
important, therefore laser marking must be planned
with good input to avoid errors in the laser marking
process, the inputs carried out include laser speed, laser
frequency and laser power. The novelty in this research
is to use a Logitech camera and programmed using
OPEN CV, so that it can determine the characters of the
writing that are read clearly so that they can be used in a
scanning machine.

2 Methods Research

The method planned in this research is to start by
inputting the specified parameters, then varying the
parameters to obtain the best results. Figure 1 shows
the function flow used for the laser marking reading
process.
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Figure 1. Import Open CV

For the camera to detect the marked text, an object
recognition process is required, which can be performed
using Open CV[9]. The first step is to use the CV import
function to call the programming function in Open CV on
the PC. Next, the black-and-white color and line
detection programming is added, and the last step is to
connect the USB IP from Open CV to the Logitech
camera being used. [9] After Open CV detects the
characters, the next step is to record them.

Once the Logitech camera is compatible, the next step
is to input parameters to the laser marking machine. Six
variations were performed: a laser speed of 70 mm/s, 80
W power, and 49 kHz for the first data set; a laser speed
of 85 mm/s, 85 W power, and 50 kHz for the second
data set; a laser speed of 100 mm/s, 95 W power, and
52 kHz for the third data set; a speed of 150 mm/s, 100
W power, and 54 kHz for the fourth data set; and a
speed of 200 mm/s, 150 W power, and 56 kHz for the
fifth data set. The sixth data set is 250 mm/s, 160 W
power, and 58 kHz frequency. The material used is SKD-
11. After entering the parameters, the next step is to
configure the laser marking machine, as shown in Figure

4

Figure 2. Processing laser marking

After the laser marking process is carried out, the next
step is to record the laser marking results using a
Logitech camera programmed in Open CV. The research
results discussed are by changing the black and white
color recognition and producing lines from the camera
reading the laser marking results. So with variations in
input parameters in which part shows the clarity of the
laser marking results that can be detected by the
camera for the scanning process.

3 Results

The results of the first study show the results of laser
marking with variations in speed which can be seen in
Table 1.
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Table 1. Result of laser marking
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Table 2. Result of detection

P
Sample atr::ne Result Discussion Sample Parameter Result
The writing has started
708%1$/S’ to become a bit blurry 70 mmys, 80
and is starting to 1 W power and
1 power and 49 kHz
49 kHz become unclear even 4
frequen though it is still requency
quency printed.
85 mm/s, 85 mm/s, 85
8W
ower and The writing is still 2 W power and
2 P 50 kHz clearly visible but 50 kHz laser
laser somewhat faded. frequency
frequency
100 mm/s, 100 mm/s, 95
9B W The writing is clear and 3 W power and
3 power and easy to see but a bit 52 kHz
52 kHz blurry. frequency
frequency
150 mm/s, 150 mm/s, 100
oow The writing is clear and 4 W power and
4 power and easy to see 54kHz
54 kHz 4 frequency
frequency
200 mm/s, 200 mm/s, 150
10w The writing is very 5 W power and
5 power and 56 kHz
6 khz clear
5 frequency
frequency
250 mn;ésa 250mm/s,
power The writing is very power 160 W
6 W and 6
f clear and frequency
requency 58 kHz
58 kHz

The laser marking results shown in Table 1 show the
character given "BC-No.Serial", that with a speed of 250
mm/s, 160 W power and 58 kHz frequency shows that
the material in the sixth test is very clear marking results
using SKD-11 material. And the next variation in the first
test with a speed of 70 mm /s, 80 W power and 49 kHz
frequency shows the marking results with writing that
cannot be read so that the contrast produced from the
writing is also unclear. Therefore, the laser marking
results can be concluded that the faster and the greater
the power given, the clearer the reading of the laser
marking results. This study has a match with the
research of JurCs, Vitalijs 'et.al.', explaining that the
greater the input parameters in laser marking, the
clearer the writing displayed on the material used[10].
The following are the results of the laser marking
detector using a Logitech camera guided by
programming with Open CV. Table 2 shows the results
of the camera detector on how to read a marking
character.

A total of 6 tests were carried out on the tested
sample, so it can be clearly seen that the sixth test
reading is clearer than the first test, so that variations in
speed, power and frequency of laser marking are very
influential. However, to find out the level of error
displayed in order to provide an answer to the level of
clarity provided, the Open CV[11] programming added
an error detection function, namely the number of
errors obtained from an image against the distance of
the image that has been recorded, Table 2 shows the
foo on the left is the result of black and white color
recognition, on the photo on the right is a line read by
open CV, as an example can be seen in Figure 3. Note
Figure 3 example of sampling the number of errors.

Number of error

Range 0-100%

— >

Figure 3. Detection number of error

The illustration shown in Figure 3 shows the x-axis
range from the left of the photo as far as 0% and the
right of the photo shows 100%, on the y-axis the
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number of error data between black and white and the
line read by error by Open CV programming. The first
results can be seen in Table 3.

Table 3. Result error of sample 1
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Table 5. Result error of sample 3

Sample 3
Range Number Eror (Balck) Number Error line
(%)
10 588 408
20 624 1161
30 735 1404
40 1149 1767
50 1434 2007
60 1995 2295
70 2691 2670
80 2718 3801
90 3135 5697
100 8670 8628

Sample 1
Range (%) Number Eror (Balck) Number Error line
10 7056 3264
20 7488 9288
30 8820 11232
40 13788 14136
50 17208 16056
60 23940 18360
70 32292 21360
80 32616 30408
90 37620 45576
100 104040 69024

In the 10% range shows that the color recognition
photo has an error of 7056 and the error on the line
shows 3264. The results of the study in the 100% range
show that the largest error is 104040 in the recognition
results and 69024 in the line reading results. So from
here the first test is clearly unable to read the written
characters of the laser marking results well. The

The results of the third test showed that the error
value at 100% began to decrease compared to the first
test, with a value of 8670 for the color recognition
section and 8628 for the line detector. The results of the
fourth sample error detector study can be seen in Table
6.

Table 6. Result error of sample 4

Sample 4

following error calculation results in the second test are Range (%) Number Eror (Balck) Number Error line
in Table 4. 10 196 136
Table 4. Result error of sample 2 20 208 387
Sample 2 30 245 468
Range (%) Number Eror (Balck) Number Error line 40 383 589
10 1764 816 50 478 669
20 1872 2322 60 665 765
30 2205 2808 70 897 890
40 3447 3534 80 906 1267
50 4302 4014 90 1045 1899
60 5985 4590 100 2890 2876
70 8073 5340
80 8154 7602 The results of the fourth test showed that the error
value at 100% began to decrease compared to the first
90 9405 11394 . .
test, with a value of 2890 for the color recognition
100 26010 17256 section and 2876 for the line detector. The results of the

The results of the second test showed that the error
value at 100% began to decrease compared to the first
test, with an increased value of 26010 in the color
recognition section and 17256 in the line detector. The
results of the third sample error detection study can be
seen in Table 5.

fifth sample error detector study can be seen in Table 7.

Table 7. Result error of sample 5

Sample 5
Range Number Eror (Balck) Number Error line
(%)
10 89 101
20 145 267
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Sample 5

Range Number Eror (Balck) Number Error line
(%)

30 201 255

40 378 348

50 405 447

60 642 879

70 745 987

80 876 1500

90 988 1967

100 1456 2076

The results of the fifth test showed that the error
value at 100% began to decrease compared to the first
test, with a value of 1456 for the color recognition
section and 2076 for the line detector. The results of the
sixth sample error detector study can be seen in Table 8.

Table 8. Result error of sample 6

Sample 6
Range Number Eror (Balck) Number Error line
(%)
10 156 120
20 288 189
30 309 266
40 477 345
50 667 476
60 887 567
70 889 877
80 987 982
90 1267 1090
100 1309 1345

The results of the sixth test show that the error value
at 100% begins to decrease compared to the first test,
namely the value obtained is 1309 in the color
recognition section and 1345 in the line detector. From
the test results that have been explained in Tables 3 to
8, it can be concluded that the erroris in the 100% range
which can be seen in Figure 4 which shows the error
value at 100% presentation.

Range error of 100%

120000

® 100000
=)
=1
— 80000
2
S 60000
g 40000
£
3
= 20000
0 — —
Number Eror (Balck) Number Error line
mSample 1 104040 69024
Sample 2 26010 17256
Sample 3 8670 8628
Sample 4 2890 2876
mSample 5 1456 2076
Sample 6 2899 2345

Figure 4. Range 100% Number of errors

The reason for taking the number of errors in Figure 4
can be explained that the range at 100% is a very
striking part of the number of errors, therefore the
researcher took a sample of the 100% range to see how
big the error occurred. From the results of data
collection, it shows that the highest error value is in the
first test with a laser speed variable of 70 mm/s, 80 W
power and 49 kHz frequency, with an error value in
color recognition of 104040 and line detection of 69024.
And the lowest test is in the fifth test with a laser
marking input variable of 200 mm/s, 150 W power and
56 kHz frequency. Therefore, it can be concluded that
the higher the variables used for laser marking on SKD-
11 material, the better the marking results on the
material. Therefore, the results of laser marking
readings using a Logitech camera assisted by Open CV
programming to obtain the quality of laser marking
reading results when scanning needs. This study adopts
the research of Wang, Hsiao Chung et al., which explains
that laser marking results with higher input variables
make the writing more legible when recording using a
detection camera. Because the material is very hard,
higher input variables can be used, but it is important to
note that higher power can cause defects in the marking
results and very high roughness[12].

4 Conclusion

The conclusion of this study refers to the problem of
camera scan results that are inaccurate due to the laser
marking on a product being unclearly readable.
Therefore, this study reveals that laser marking
parameters are very influential because they can
produce good writing. However, it is also important to
note that excessive power can weaken the material,
resulting in defects and roughness in the marking
surface. The results show that the character detection
camera, assisted by Open CV, contributes to good
compatibility, including the presence of input variables
in the laser marking for SKD-11 material. In the sixth
test, the error value received was very small and the
reading was very clear, especially for the writing
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structure "BC-01". Error Source Tracing in Laser Marking of Silicon Wafers with
Machine Learning,” Appl. Sci., vol. 15, no. 13, pp. 1-11, 2025,

The recommendation from this study is that the doi: 10.3390/app 15137020

combination of Open CV programming can provide
automatic surface roughness readings from laser
marking results.
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