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Y ecmammi nooano memoouxy, wo uxopucmogyemucs 0 agmomamu3sayii MexanompoHHor
cucmemu, 3 Memow ompumanna ingopmayii npo cmawn 3y0ie. Aemomamuzosana cucmema
BKNIOYAE MIKPOKOHMPOEP, Wo 00360J€ il pekongicypayilo i nopmu KoMyHiKayii ma yeeoens-
susedenns. Byno pospobneno cucmemy gumipioganns iocmanel, sika 0036015€ MIKPOKOHMpPONEpPy
Haoasamu inghopmayilo npo NomoyHuli cmam KoducHoi oci mexanizmy. Pospobneno npocpamu
YApAGiHHS, Wo 3a0e3neuyiomy GinbHe Nnepemients Mexanizmy no Kodcit oci. Taxum uunom,
npozpamu 3abe3newyioms Hes3anedxicHe YNPAGNIHHA, WO, 8 C80I0 Uepey, CHPUSAE NOZUYIOHYEAHHIO
mexanizmy 6 Oy0b-saKil mouyi pooo1020 npocmopy 05 ompumanus ingpopmayii npo cman 3y6ie.

This paper presents the methodology used for the automation of a mechatronic system, which will be
used for information of teeth, the work was done using a microcontroller, which allows the reconfiguration
of the system, the use of different ports communication and input-output ports, It was made a distance
measuring system which allows the microcontroller to provide information about current position of each
axis of the mechanism. Control routines are performed which allow manipulation mechanism on each axis
independently of thus obtained independent control shaft which facilitates its positioning in any point of the
working space of the mechanism to obtain about the theet.

1. Introduction. Currently the development of technology in recent decades has resulted in the ability
to perform tasks requiring increasingly greater accuracy and complexity. One of main requirements
presented in these activities is the need to perform tasks with a high degree of automation. [1] Automation
is defined as the integration of various elements applied to a system, which perform a specific task, with a
minimal intervention possible [2].

The automation process is performed with the implementation of a control system which governs the
operation of a plant, or a system of self feedback and coordinated management of material [3]. The field
where automation can be applied in covers human activities which require repeatability, accuracy, reduced
operating time.

Autonomous systems provide to industry, trade, among other activities, the tools to increase their
yields, faster production processes and minimal staff necessary for these systems to work properly.

Some of the elements of a system are automated, automate the process to be called a plant, the control
module will generate the necessary commands to automate this process called control, and the elements
responsible for carrying out such orders, in this if actuators, finally has the sensors, which obtain process
information, they transmit information from the control system, which performs actions depending on the
state of the plant [2,4].

Figure 1. Automation system.
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The interaction between the elements described is carried out cyclically, that is, the output of one stage
is the input of the subsequent stage. Where the plant receives from the actions of the actuators, the control
module gets information through sensors on the current state of the plant, and finally the automation
process where this integrated control system provides the necessary orders to the actuators, thus restarting a
new cycle in the process (Fig.1).

Both the process control system, actuators and the process itself can be or be comprised of mechanical
and electronic elements, within the electronics, it is possible to manipulate and control using physical
variables of voltage, current, resistance and load, which are immersed in many of the automated systems
currently providing, a branch of study for the area of electronics.

A mechatronic system consists of precision mechanical components, electronics and in some cases
computational elements, which interact synergistically to perform a task.

Automation can be defined mechatronics, as a branch of science, in which different elements interact
to obtain a system able to perform a particular task [4].

An automated mechatronic system (SMA) is based on the desired behavior of a dynamic system, and
get this behavior autonomously. For a given dynamic system, there may be more than one possible
application.

One of the main applications of the SMA is in robotics, which is defined as the design, manufacture
and use of machines to perform a specific task. In the area of medical instrumentation applications have
SMA as a system capable of evaluating the arterial endothelium, which obtains information on heart rate,
as well as an evaluation according to predetermined parameters, which controls a solenoid and a mini
pump pressure [5].

Another application of SMA is proposed by [6] which uses an SMA for the control, management and
maintenance of silos, in which operators are responsible for registering the data collected by the silos, a
feature that is worth mentioning in this application is that automation has provided operator training
because if it is necessary the operator can modify the operation of the system considering some system
parameters obtained.

Where known both SMA configuration parameters and their operation, to be implemented
automation, it is possible to obtain the desired system operation, with the minimum amount of feedback
elements, because the system is able to obtain various types of information from several sensors.

2. Methodology for automating a process. The methodology used in the automation is made up of
several stages, which in turn are composed of stages, activities and tasks that must be performed to achieve
a goal. The phases in the methodology are: system description, flow chart, description of system elements,
customer requirements, selecting the type of system automation, design, implementation, testing and
validation.

The methodology provides a sequential structure (Fig. 2), ie it requires checking each phase to
continue with the next stage, thus if one phase fails to meet the specifications, it is necessary to redesign
this stage [5].

Figure 2. Methodology for automation

2.1. Elements of the automation. The system with which the account is a gantry robot of three
degrees of freedom (Fig. 3), this robot is characterized by a shift shaft by a micrometer, which is achieved
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with the use of a gearbox with a 4:1 ratio. To perform the displacements in the X and Y axis, it has DC
motors.

To make the Z axis movement, there is a stepper motor. On the X axis is required micron accuracy
estimates but due to the time it takes to perform the desired displacement would take about 7 months,
which is not viable, which was determined by using a DC motor, for obtaining a lower travel time.

L

Figure 3. Mechanical system developed

2.2. Design Automation. As a result of the application of the methodology to obtain this general
block diagram of the system (Fig. 4), which consists of the interaction of various modules, such as: distance
measurement, data forwarding module, control module speed, power amplifier for each axis angle control
module for sample acquisition system and a comprehensive control system which receives information
about the current position of the robot and generates the necessary instructions to perform a particular task.

Data Laser

Control Smiier

Receiver

Figure 4. Block diagram of the system
The development of this system is divided into the design of both hardware elements and in the design

of firmware, and finally designing a combinational digital system, the electrical circuit used for automating
design detailed hardware in which divided into a power stage and a control stage. This diagram presents the
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connections between the control stages and the power system in addition to indicating the physical
connectors present in the final circuit board, to facilitate understanding and the wiring thereof.

Figure 5. Algorithm
system central Figure

Automating this mechanical system allows is the basis on which
further work be undertaken within this work is to perform the scanning
of teeth for further study, for this reason in the present work, a
algorithm (Fig. 5) which provides for this possibility. So if you want to
change the system programming simply change a stage. No need for
full system programming,

3. Tests and results. We developed a data acquisition card which
presents the elements necessary for operating the mechanical system
(Fig. 6), also incorporates the necessary power for the system to work
properly.

With the card developed for this application tests were developed
which were found with the proper functioning of the mechanism as
well as checking of control algorithms implemented in the card
development.

The communication between the system and the computer is
through a USB communications port, which allows two-way
communication, making it possible to configure the system and
acquire data from it.

Tests were conducted to verify communication between the card
and the computer development using software capable of
communication being the PC and the system was successfully tested
communication between the system and the PC.

4. Conclusions. Automation developed a mechatronic system
using a microcontroller. The application of this system is the scanning
of teeth in order to determine defects on the surface of the tooth.

Was designed and implemented a card consisting of a control

stage which allows manipulation of sensors, and a control stage, which gives the system the necessary
elements for the operation of the system according to user settings.

in the system

6. Data acquisition board incorporated

e ‘
Figure 7. Communication port connected to
the data acquisition card.

We developed a firmware which allows manipulation control step motors, servo motors, stepper
motors, as well as a laser and an optical receiver according to various configurations introduced to the

microcontroller via a USB protocol.
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BIJOMOCTI ITPO ABTOPIB

I. Koptes, T. I'apcia, I'. Xyapes, JI. Kopre3, X. Maapua, A. Pogpure3 — 3acinyxeHHnii aBTOHOMHHI yHIBEPCUTET
ITye6na (Mekcuka); y1aboparopis HM(GPOBUX CHCTEM 1 IOHOBIIIOBAIBLHUX JUKEpEN eHeprii, (axysbTeT KoMl IOTepPHHX
Hayk. (Faculty of Computer Science, Facultad of Electronic Sciences Benemerita Universidad Autonoma de Puebla,
Mexico)

Cocunupka Hatans JleoniniBma — nokTop mnexaroriuHux Hayk, npodecop kadenpu Qisuku Ta METOJUKH
BUKIagaHHA (i3uky, 3aBinyBau Kadenpu-npodecop kadeapun METOAUKH BUKJIaJaHHA (i3MKO-MAaTEMATHYHUX AUCLMILTIH
Ta iHpopMaLiHUX TeXHOJIOTIH y HaBYaHHI, bepIsTHCbKMI iepyKaBHUI Ile1aroriYHUi yHiBEPCHTET.

CemepHast Oxkcana MukogaiBHa — KaHAUIaT IearorivyHuX HayK, JIOIEHT, IOUEHT Kadenpu METOIUKU (i3uKu Ta
JMCLUILTIH TEXHOJIOTIYHOI OCBITHBOI ray3i. Kamsuens-Iloniechkuil HanioHanbHUIA yHiBepcuTeT iMeHi [Bana OrieHka.

Kono mnayxosux inmepecig: (GOpMyBaHHS 1 PpO3BUTOK 3MICTy (i3MKO-MaTeMaTH4HOi OCBITH (iCTOpHKO-
METOZOJIOTIUHMH KOHTeKCT), 3actocyBanHs IKT y nporeci HaBuaHHi (i3UKH B cepe/iHii Ta BULIIH MIKOJI.

IT'OTOBHICTH BUUTEJISI MATEMATUKH 10
IHHOBALIIMHOI OCBITHBOI JISIJIbHOCTI:
TEOPETUYHUM ACHEKT

Bimaniun AYKAH

T'omognicms euumens mamemamuku 00 IHHOBAYIUHOI 0C8IMHBOI OIANTLHOCI. Meop emuyHull
acnekm. Y cmammi npoananizo8ano nousiou iHo3eMHux ma GiMYU3HAHUX HAYKOGYI6 HA NOHAMMS
IHHOBAYIIHA OIANLHICMb MA 20MOBHICTbL 00 THHOBAYILIHOI JISILHOCMI, 3ANPONOHOBAHO ABMOPCbKE
MpaKmyeants. NOHAMMs ‘‘20MOGHICMb guumens MamemMamuxu 0o iHHo8ayiiiHol disinbhocmi” ma
BUOLLEHO KOMNOHEHMU Yiel 20MOGHOCIMI.

The willingness of teachers of mathematics to for innovative of educational activity
theoretical aspects. The article analyzes the views of foreign and domestic scholars on the concept
of innovation activities and willingness to innovate, the author proposed interpretation of the term
“teacher of mathematics willingness for innovation” and the allocation of the components of this
commitment.

IMocTranoBka npo6Jjemu. CydyacHUid eTan pO3BHTKY HAIIOHAJIBHOI OCBITH XapaKTePU3YEThCS
THUM, IO OCBiTa Mae OyTH iHHOBAIlilfHOIO, TOOTO MOBHWHHA IOCTIHHO 3MIHIOBATHCS 1 CIIPHATH
(dopMyBaHHIO OCOOMCTOCTI, 34aTHOI JO CHOPUUHATTS 3MiH YIOPOJOBXK IKHTTS, SKa MOXKE
3aCTOCOBYBATH HaOYTi 3HAHHA B MPaKTUYHIN JisTbHOCTI. [loCSTHEHHS IIi€i MeTH HeMOoXiuBe 0e3
BHUKOPHUCTAHHS MeJ]aroraMy 1HHOBAIiHHIX METOiB, (hopM, 3ac00iB Ta TEXHOIOTiH HABYAHHSI.

IHHOBaIII0O B OCBITI PO3MIANAIOTh SK peaji30BaHE HOBOBBEICHHS — Yy 3MICTI, METOAaX,
npuiioMax i popMax HaBYAIBHOT AISITBHOCTI T2 BUXOBAHHS OCOOMCTOCTI (METOAMKAX, TEXHOJIOTISX),
y 3MmicTi 1 (¢opMax oprasizallii yNnpaBJIiHHA OCBITHBOI) CHUCTEMOIO, a TaKOX B OpraHizamidHii
CTPYKTYpI 3aKJIaJiB OCBITH, Y 3ac00aX HaBYaHHS Ta BUXOBAHHS 1 B MIAX0/1aX IO COI[IaJIbHUX MOCITYT
B OCBITI, 0 CYTTEBO MIIBUIIYE SIKICTh, €PEKTUBHICTH Ta PE3yIbTaTHBHICTH HABYAIBHO-BUXOBHOTO
mporecy. BiAmoBiHO NpoIlec CIPUUHATTS Ta BUKOPUCTAHHS HA MPAKTUII HOBAIlil Ha3WBaIOTh
iHHOBawiitHUX mpomecoM. Moro OCOGNHBICTIO € UMKITiUHMI XapakTep. 30Kpema, aKajeMik
B.1. 3arBs3uHChKUH, KM JOCTIKYBAaB JKMTTEBI IMKIM 1HHOBAI[IMHMX IMPOIIECIB, 3a3HAYa€E, IO
4acTo, OTPUMABIIIH [TO3UTHBHI PE3yJIbTATH BiJl 3aCBOEHHSI HOBOBEJICHHS, TIEIarord HEOOTPYHTOBAHO
HAMararoThcs HOTO yHIBEpcali3yBaTH, PO3IOBCIOMUTH Ha yci cepu MeAaroriyHol MpakTUKH, II0
BpSIM TONU 3aKiHUYEThCsl HEBJAYCI0 Ta MPHU3BOJUTH 1O PO3YapyBaHHS Ta OXOJODKEHHS 0
IHHOBaIIMHOI misibHOCTI [7]. 3 OMIsAAy Ha e BaXKIMBOIO MPOOJIEMOIO € po3poOKa TEOPETUUHHX
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