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Abstract. A progran-controlled hardware system that does not have domestic or f
analogues was developed and tested for printinc-density codes and their identification
the surface of prcucts from varied materials. The input informatemcoding using a random
variable generator, which excludes the possibility of reading the recorded text without k
the individual coding ke, provides the uniqueness of the applied -density code. The
proposed marking technology ensures the placement of a large amount of informati
small area and the successful recogniof the highdensity code by an original reading dev
with the originaldecryptionsoftware. The performed scanning devitas a higher resolutic
than theexisting standard barcode scanr

1. Introduction

Thepresent methods of marking metal products, in general, are based on the printing symbols

to intermediate carrierslabels, tags, packaging. Recently develomethods of direcpart marking
(the method of extruding text, writing with an electric spark pencil, etc.) are not widely used t

of the their forgery possibilitand due tothe inability to introduce a large amount of informati

With the usage of the higtensity codesprinte by lasers directly on the finished prodi surface, a
much greatecounterfeit products protectids provided [1] The application of tw-dimensional high-
density codes directly to the produalso allows one to solve omeore importanproblem: to place
and carrythe necessary information on the pror itself with its productiorand operation conditior

characteristics [2, 3] (figure 1).
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Data-Matrix QRcode High-density cde, x4
Figure 1. Two-dimensional matrix and hi-density codes printed by laser on the pla-Grade 2.
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However and up to now a fairly wide applicationdafect part marking by means of lasers has
been received. This is due to the fact that therlagarking technogy of the final products even wii
using standart matrix codes or barcodes is quiteptex, requiring high qualification of engineeri
personnel capable of applying "readable" barcodgsdduct [4, 5]. When it is nesseseary to ente
sufficiently lage amount of information (more than 1000 charaptéisthe stanard code, the
dimensions of the bar or twdimensional matrix codes themselvtable 1)noticeably increas that
does not allow them to be used a small size products.

Table 1.Comparing the sizes of different code types.
The actual code size

Code type 100 symbols 1000 symbols 10000 symbo
(1 line) (2/3 of page) (6 %2 of page
High-density code 2,41x2,41 mm 4,75x4,75 mm 14,41x14,41 mi
QR-code 11,00x11,00 mm  32,00x32,15 mm -
PDF 417 15,90%13,50 mm  33,75x33,60 mm -

Data matrix 19,05x19,05 mm 55,05x55,05 mnl59,08x159,08 m

Based on the deficiency analysis of the existint-coding technologies for finished products
polygraphic prograncontrolled hardware system was develc [6]. It actualizes two technologic
processes: the high density codes printing anddantificaticn of the encrypted informationThe
applied highdensity codes have an u-high recording density of biteded information—
information field — printed dirgly on the product surfaces made from metal, ianigand polymeri
materials. The proposgmblygraphic syste includes a precision pulsed laser, a control modul &
scanning devicethat reads and decodes stored information in e-density cod [7].

2. Coding program interface

The control module allows the required informatiortransfer in the form of a coded text and /
color image (for example, an enterprise logo) frammomputer using the original program to le
software that generates a@olmage and / or a corresponding information fin the form of a hig-
density code on a produstirface[6, 8].

When downloading a text file for encoding, the encodprggramoffers toselect (figure 2) the
product material (steel 08X13nd therautomatically selectise name of the laser complex (DM-
06), the technological parameters of laser marking procegthe lamp current is 10 A, the diame-
66.12 um, dpi - 384.14, laser radiation fruency - 300 Hz, delay 200 ms). Atheiselecting the
mentioned parameters, tpeogramforms a graphic filavhich creates symbol of a hi-density code
maximally close to a squashape (size 16,389 x 15,935m
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Figure 2. Selecting the material of the product and the lasaking paramete.
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Compared with existing analogs, the high-densitgecobtained by printing with the polygraphic
program-controlled hardware system contains a ntarger volume of textual information on a small
surface area of the product, so as a precisionegulaser allows one to apply high density of
information recording in the marking symbol duette coding compression (table 1).

If it is necessary that the system allows printthg logo of the enterprise with high accuracy,
including multi-color [2]. The data entered in thegh-density code field will remain unchanged
during the entire lifetime of the product, and itlwe possible in a case of emergency destrudtion
get an objective expert opinion on the cause ofpttoeluct breakage using an information from the
mark [9].

3. Scanning device

An integral part of the polygraphic program-corigdlhardware system is an original scanning device
that was designed to recognize coded symbols amsfar their images to the control module for
decoding the input recorded information by meanthefspecial program. The general block diagram
of the scanning device system is based on NI tdoggavith the possibility of using digital camera
modules with high resolution sensors as regisfegsré 3) [10].
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Figure 3.The general block diagram of the scanning devis¢eay based on NI
technology.

The block diagram of the scanning devise systenagmma hardware component that includes: the
object of control - 1, the lighting device - 2, tbptical system - 3, the digital camera 4. Theesyst
also contains a control device - 5, a data cobeatievice - 6, a computer system - 7, externahgtor
8. The digital camera must have a wired (high-spg&iB) or wireless (Wi-Fi) interface with a
computer, a remote control interface (with a cantgpe N3 for the digital camera), a wireless
controller (LC -5) or remote controller RC-6. Catsodigital cameras (EOS 6D) are fully in line with
these requirements.

The functional modules implement the software: tdigtamera software - 9, a virtual dewifor
the digital camera control - 10, the current imagg¢aining module - 11, the image processing and
analysis module -12, the measurement module -HE8rdsult formation and display module - 14.
Development of the image processing script, aralysd measurement and the creating fragments are
in the application NI Vision Assistant - 15. The@mization module 16 provides obtaining images at
specified time intervals, displays them on the excrend selects the image-processing algorithm.

Figure 4 shows the layout of the scanning deviealizing the proposed structural block diagram
of the process control of registration and of higmsity code recognition (figure 3). The optical



Figure 4. The reading device: 1- the object of;
investigation, 2 the alignment unit, - the sample holde,
4 - the ring illuminator, 5 the macro lens, - the digital:
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circuit of the scanning desg contain: an annular illuminator 4 (KONIG), a macro len- 5 (AF
MICRO NIKKOR 60 mm 1: 2.8D with an EOS adapter), a digitameri - 6 (EOS 50D), ireiter - 7.
4. Results and discussion
The scanning (readingjevice can register the high-density codes printsdthe lase marker to
various metal surfaces, determine the lighting d¢ant, investigate the parameteffects inside the
camera settings, investigate the in-processing algorithms in order tecognize and determine t
coordinates of theaker prints of the cod

Figure 5 demonstrates thBiegiency of usingin an optical system a rintjuminator with acircular
aperture of an objectivéVith a normailluminator (diffuse light), theprints structurecrater elements
are visible (figure 5a), while using the principle @n angular filtrationf{gure5, b), each imprint is
registered as dark field. In addition, there is an effective riiition of defects in ie metal surface
(scratches). Figure presents a simplified scrijof processig and recognizing the code in the
Vision Assistant application that displays the efifeeness of determining tHaser printscoordinates
of the image code structure [11].
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Figure 6.The result of hig-density code image recognition in
Vision Assistan



IPDME2018 10P Publishing
IOP Conf. Series: Earth and Environmental Science 194 (2018) 042020 doi:10.1088/1755-1315/194/4/042020

The digital image of the high-density code is lahd@o a special decoding program. The general
view of the decoding program is shown in figurd fie working field of the program presents the area
where the code image is located. There is animagenzelect bar on the right part of the window.
The range is from 100 to 1000% of the initial linel@amensions of the original image. When image
zoom is selected with the scale of 1000%, the cnage fills the entire working area of the program
window. An auxiliary grid might be selected by &ling the "restore selection” button. Figure 8 shows
the decoding program window with the restored aarxilgrid.

Tora or;iied

Figure 7. Picture of high-density code
scale of 1000%/

Figure 9 shows the decoding process of the enayptformation after the "decrypt" button
selecting. There is the decoded text on the le# sif the picture, showed in a real time mode. The
operator has an opportunity to correct the resflthe decoded text by editing individual bits bét
image. Saving the image might be done after selgttie "save" button on the hard disk of the PC or
on removable media at the user's choice in thiléxtpresented in figure 10.

Thus, the control module, using the decoding prnogedlows decoding the high-density code
printed by the pulsed laser on the metal and othefaces. Table 2 shows the technological
regulations for the formation and identification ioformation fields (high-density codes) on the
surface of Iceland spar as an example. The regulthages were scanned, digitized and processed
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using the original imagdecodin( program. The accuracy of the informatimansmissior coded in
the high-density codeyas 1009 on the tested samples.

Table 2.Technological regulations fprocessinghigh-density codes the surface of Iceland s.

High-density code image Technological regulations of theTechnological regulations of the h-
high-density code formation  density codedentification proces

Lase model DMark-06 Imageresolution- 508 dpi
Power - 3W Image size- 2.7 x 2.15 mm
Lamp current - 7.5 A The increase in the decodi- 1000%
Image resolution dpi - 508 The distances between the lines of
The radiation frequency - 10,000 auxiliary grid- 50 um
Hz The multiplicity of the number of line
The delay - 50 ms per vertex 8
Image size - 1.95 x 1.50 mm The values of the confidence interva
Number of characters - 300 pcs white colou - 462 units and

Encoding speed - 2,5 s black colour- 461 units
Repeatability- 100%
Probability of reading is 100
Decoding speed 3.t

5. Conclusion
A polygraphic prograntontrolled hardware system aa process of applying and identifying h-
density codes on thsurface of produc, made from various materialeave been developed a
tested.The provided system and process do not have darersti foreign analogues. The propo
marking technology ensures the placement of a langeunt of information on a smiarea and the
successful recognition of the printed F-density code by an original scanning device witl-
encryption by the original software of much highesolving capacity than existing standard scar
of barcode and matrix code.

The approved processalizationof obtaining and identifying new generatiohhigh-density codes
on an industrial scale will create real preregessifor a reduction in the counterfeit prodt
production fora wide range of purpos all around the world.
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