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Abstract: Aiming at the problem that most of the output energy of laser single-beam processing of two-dimensional
codes is wasted and the processing efficiency is low, this paper adopts a multi-beam parallel processing method to
improve the processing efficiency. The simulation studies the effect of the QR code processing filling rate, and con-
trast on recognition rate, and recognition time, and obtains a QR code recognizable range. Then use the femtose-
cond laser based on the parallel processing technology of the spatial light modulator to conduct experiments, and
analyze the contrast and processing fill rate of the experimental results. The analysis results show that within the
range of the QR code reading evaluation standard, the greater the processing filling rate is, the lower the recognition
rate and the longer the recognition time are; similarly, the lower the contrast is, the lower the recognition rate and the
longer the recognition time are. At the same time, experiments were performed on the single-beam laser processing
of two-dimensional codes. The comparison of processing time and other parameters of the parallel processing and
single-beam processing was analyzed, and the efficiency of the parallel processing was about 10 times higher than
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that of the single-beam processing.
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Fig. 1 Working principle diagram of the single beam and the multi-beam
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Fig. 2 QR code structure diagram
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Fig. 4 Relationship between the ideal processing area and the actual processing area
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Fig. 5 Schematic diagram of the QR code partition. (a) Number of partitions 2; (b) Number of partitions 4; (c) Number of partitions 8
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Fig. 6 QR code processing area map
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Fig. 7 QR code with different processing filling rate chart. (a) P=80.2%; (b) P=50.4%; (c) P=30.6%; (d) P=10.7%
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Table 1 Recognition rate for different filling rate of processing

Filling rate of processing P/%

Recognition rate/%

80.2
50.4
30.6
10.7

100
100
60
0
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Table 2 Recognition rate for different contrasts

Contrast C Recognition rate/%
127 100
35 80
25 20
20 0

AR S50 ER 22 1) T SE G B R R A s 9 fi
N, A TR R IRy 523 [ R 38 i o T
D5 AL, FEOE A B2 [ G il 4 2w e I
Potbets, RAVERCE AR 6 A 2028 RG]
o SUOTEE M2 JEBHFEEE, SXFERBISIE M HOLRK .
—HOEHEAR] CCD AHBLF, 8 F WG A T AR
TESCIGEH 0T o 5 — BRI it LE 5 1 0
28 Af 62 UR R G (fi=1000 mm, £,=400 mm)7E =4l =
K TAEV- & Ll rothn 21555

4.2 BRHFCMIFAFITILAIXT L SII K 534
AT RBUF T LRI, AT T HA00L
INTTAIEATIN T LESE R, Gl 3 D)ok il e TRy

Laser 1/2 plate  Polarizer Shutter

%3 kA ABRNHIEAHK

Table 3 The main parameters of the femtosecond laser

Parameter Scope

Average output power/W 0~4
Maximum single pulse energy/mJ 0.4
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Fig. 9 Schematic diagram of the experimental optical path
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Table 4 Contrast experiment of the single-beam laser processing and parallel processing
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Fig. 10

QR code processing diagrams under different processing times.

(a) Processing time 0.1 s; (b) Processing time 0.4 s; (c) Processing time 0.8 s
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Overview: Laser processing is a non-contact processing method, which has the advantages of high energy density, good
directionality, high coherence, and small heat-affected zone. It is favored in the field of industrial processing. Tradition-
al laser processing is mainly focused on the single-beam laser marking method using a scanning galvanometer. This
marking method has a clear and high-precision pattern and can be processed at any position. This method has low
processing efficiency and long marking production time. In addition, the laser output single pulse energy is much high-
er than the required energy during processing. If single beam processing is used, most of the laser output energy is
wasted and the energy utilization rate is low. Parallel processing technology can divide a single beam into multiple
beams, and can improve processing efficiency, laser energy utilization. Also, the above problems can effectively solved.
Aiming at the problem of low energy utilization and processing efficiency in femtosecond laser micro-machining, this
paper adopts the femtosecond parallel processing method based on the spatial light modulator.

Nowadays, there are many researches on the laser marking two-dimensional codes, but there are few researches on
the relationship between the reading quality of two-dimensional codes and its filling rate or contrast. Most of them fo-
cus on finding suitable processing parameters. Therefore, this article first simulates the processing filling rate and dif-
ferent contrasts of the two-dimensional code. The simulation method is as follows: first, to gradually increase the radius
on a fixed circle center until it is tangent, and change the gray scale of the data circular area; second, use the WeChat
scan code function to count the recognition time and calculate the recognition rate; finally, based on the basis of the
parallel processing of the spatial light modulator, using femtosecond laser to process the two-dimensional code. It can
be obtained that the larger the processing filling rate is, the smaller the gap is, the easier it is to be recognized within the
range of the two-dimensional code reading evaluation standard. The observation of the contrast is verified by different
processing times, and the result obtained has little change in contrast. Because the contrast meets the simulation upon
request, the results can be scanned. At the same time, we conducted a single-beam laser processing experiment on the
two-dimensional code, and compared the important parameters such as processing time of single-beam laser processing
and parallel processing. The parallel processing efficiency of multiple light beams obtained by splitting 60 beams at the
same time is about ten times higher than the processing efficiency under the galvanometer.
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