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Tyiin Pezrome
BepuireH *yMbICTa aBTOMATTaHIBIPEUIFAaH B cTaThe mpuBOgmTCS npuMep cOOpKH
KbIpHAY KYMBICBLIH aTKapaThlH  TpaBUpPOBATBHOM MaIlHEI. HanHad

KYPBUIFBIHLIH ~ TIPOTOTHINIH ~ KYPacTBIPy —CHCTEMa  VIpaBlseTcs OpH  TOMOIIH
KapacTeIpbuIFan. KoMIBIOTEp apKBUIBI  KOMITbIOTEpA. CxoHcTpynpoBanHas
GackapeUIaThiH  HaKbOOTAY KyHeci cmcTeMa MveeT pafouee MpPOCTPaHCTBO
YCBIHBLUITaH. IIpoToTun XYZ XYZ, rae XY npemuasmasens i
KOOPIMHATAJILIK TaKTa, SFHH XYMBIC iCTey — IPEHOCTABNCHNS KOOPAMHAT, och Z IS
aliMarpiHaH KypamFaH. Mysngarst XY ycraHOBKH MaJleHbBKOTO
HaKpIIITay alMarpiHIarbl  CTOHKAa.  Arduino
KOOpIMHATaNapiel aifiKbIHAayFa, an Z  KOHTpoJIep.
KbIpDHAYJBL JKY3€re achIpaThiH KiMKEHTall o6ecrneumBaroT JBIDKEHME CTOHKa BO
KYPBUIFBIHBI OpHaTyFa apHajlrai.  BpeMs rpaBuHpoBku. Ha Processing 6bisia
KoHTtposutep peTiHze Arduino Hamucana nporpaMma ags
Koymaueuiasl.  JKyifeneri  KosfalbicTap  MOJNB30BATENBCKOM CTODOHEL

stepper motor (KO3FaNTKBIM) apKbUILI
Kysere aceipbuiapl. Konnanymsmap sxarbr
Processing GarnapnaMaceiven sxassuiran.  Kiogenbie

CBEpMUILHOTO
HCTIONB3yeTcd  Kak
larorsie IBUTATEIH
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Kinr cesnep: Hakenm >xacaliTeld Marmmma CKOHCTPYWPOBaHIIAst CHCTEMa, IBUTATCIIH

KYPY, KYPBUIBIMIBIK JKYHe, ABUraTen

Abstract. This work presents development of a prototype for the automatic engraving
machine. The proposed system controlled using computer, by seiting drawing for
engrave. Constructed prolotype consists of XYZ coordinates table

(working area),
where XY for position in the engraving area and Z axis for

establish litdle driller.
Arduino board has been chosen as a controller. Movements of the machine are

generated by stepper motors. For the user part Processing software was used.
Graphical User Interface provided for drawing the desired pattern. The controller takes
the coordinates and converts them to the signals for the motors that are moves grind to
the given position and engraving the desired drawing. F; inally,

robot capable of etching
the desired drawing that is setting by user using computer was

obtained. System is able
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to engrave in plates of area 21x24cm’. Optimal algorithm for movements of two motors
is presented. Proposed algorithm was compare with other well-known ones. Testing was
done and evaluation is given in this paper. High performance was achieved. This
prototype can be used for engraving different types of materials, by changing the
drilling motor to appropriate one.

1. Introduction

Nowadays, robotics is a field of technical science that is interested
many researches. Intelligence Techniques are widely applied in the
everyday life. The purpose of this work is to model a system that reduces
human work and makes automation of milling process. Mechanical
engraving was chosen for etching process. Since traditionally used photo
engravers are inherit tainting by using chemical products.

A XYZ coordinates table are designed and constructed. Program
implements novel algorithm. Detailed explanation is provided in the next
chapters. This work directed to solve real problem and give introduction to
basic concepts of conirol CAD-CAM (computer-aided design and

computer-aided manufacturing) systems.
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Figure 1.1 - Block diagram of the engrave

2. Structure and working principle |
Figure 2.1 demonstrates final view of constructed engraver machine

ing area
using Arduino controller. Main components of the systefn are wc;;l:ilzf) e
(that has rectangular shape), motors (in general, for motion gene
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engraver (that has main function of the system, which is milling the figure
on the given area). Engraver depends on the task, it moves up and down.

Figure 2.1 — Proposed engraver based on Arduino

The desired figure is drawing by user on the GUI (Figure 2.2).
Drawing contains lines. To draw a line left mouse button is used. Painting
of the desired figure continues until another command reaches the Arduino.
Right mouse button click sends command to start milling process. XY
coordinates are sending to the Arduino. Controller gives commands to the
engraver to take initial position, and then starts movement according to the
taken coordinates. Pseudo code of function that responsible for the
engraver motion is given below. For the movement generation used 4
motors: 2 stepper motors for moving two platforms for X and Y axis, servo
motor and DC motor for engraver movements. (Figure 1.1)

Figure 2.2 - GUI of the Engraver machine

89



www.sdu.edu.kz CIY XABAPUIBICHI 2 (30) 2014

GUI for the Engraver machine was developed by Processing. This
software allows manipulating devices through COM PORT, also it gives
opportunity to create GUI in easy way. Figure 2.3 presents the process of
etching.

Figure 2.3 - Example of engraving done by proposed engraver system

Drawing that is etched by engraver machine and its size is the same
with the figure that was given by user on the GUI (Figure 2.2).

3. Algorithm
Algorithm for the optimal movement of engraver is proposed in this
work. Pseudo code of the algorithm is given below.

flinction move_to_the next point

calculate diffX = next_X — current_X

calculate diff Y =next_Y —current Y

compare absolute values of diffX and diffY;

if diffX is greater than diffY then

find ratio of absolute values of X to Y;

assign max_steps to diffX;

esle

find ratio of absolute values of Y to X;

assign max_steps to diffY;

if diffX is greater than diffY

if diffX > 0, move forward along X axis

else move backward along X axis

if diffY is greater than diffX

if diffY > 0, move forward along Y axis
else move backward along Y axis;

Fa¥al
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Main idea of the given algorithm is to find main axis on each
movement step and continue motion along defined axis. Depends on sign
of the difference between coordinates decides movement direction, forward
or backward. Each time when system has new task, coordinates sets to
initial position. Function initial() is responsible for the setting of engraver
to the (0;0) coordinates on the working area. Method that was described
above is a way of engraving of the proposed system.

4. Testing and evaluation

Testing of the presented engraving machine has been done. 10
different figures have been set to the system. Engraving time for each
figure recorded and presented in the Table 1. For the good testing, figures
with the approximately same size have been chosen. Figures contain 10-12
lines. All engraving figures have the same dimensions and places as
original figures that have been painted by user. Drawings with bigger sizes

also were tested by proposed machine. Engraving time depends on the
complexity and size of the desired drawing.

Table 1 - Testing of the proposed engraving machine

Testing Engraving time, sec Result (1-100)
Sample 1 45 100
Sample 2 60 100
Sample 3 50 100
Sample 4 40 100
Sample 5 29 100
Sample 6 57 100
Sample 7 43 100
Sample 8 61 100
Sample 9 64 100
Sample 10 60 100
Average 53,5 100

The presented line drawing algorithm efficiency was compare with
Bresenham’s line algorithm. It is one of the earliest algorithms that .Were
used in computer graphics. Bresenham’s algorithm draws lines and circles
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by determining which point should be plotted between two given points in
order to be closer to straight line.

As can be seen from Figure 4.1 engraving time of the proposed
algorithm is less. Efficiency of the given algorithm is high. From the done
work can be concluded that methods and tools that have been used have

high quality and accuracy.

S. Conclusion
The system efforts in a very good way. It does all functions that were

planned by using right tools. The engraving machine can etching desired
drawing on different types of material. Advantages of the given system:
fast engraving time, mechanical engraving, that is cheapest type of etching

and with minimal pollution.

m Proposed algorithor

# Benscham's algorithm

Testing 1 Testing 2 Testing 3 Testing 4 ]

Figure 4.1 - Engraving time comparison of two algorithms
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