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Design and Fabrication of GUI-based 4-Axis Control System using Python
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ABSTRACT

With the development of precision facility technology, the importance of four-axis CNC precision processing
technology is increasing. However, due to complex shape processing, it is difficult to operate the system. This paper
compared precision control and efficiency by manufacturing a four—axis control structure to solve this problem and
implementing Bresenham's Line Algorithm and Runspeed Algorithm without using commercial programs. When
Runspeed was applied, there was an error improvement of about 12.03% and curvature accuracy improvement compared
to Bresenham. It was confirmed that precise processing was possible to a three-dimensional structure by driving a
rotary shaft A motor.
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Design of GUI-based 4-Axis Control System using Python

10.00
I].[II]

<Position>

Serial Port : £OMIB ~ | Refresh ports X

31.84 L
ad.4a A

GO 70 F500 ~

Microstepping ~| | Connect Y

<JoG>
G4 P150
01 210500

& Hae ST
GOT 70 F500,
G1 K4.91 Y45.76 FS00.00
1 %6.41 Y52,39 500,00
G1 K20,14 Y69,84 F500,00
G1 K24,82 Y69.84 F500,00
G1 ¥20,79 Y52.01 F500,00
G1 X23.21 Y52.01 F500,00
G1 X21,80 Y45.76 F500,00
G1 X19,37 Y45.76 F500,00
G1 X18.14 Y4034 F500,00
G1 X13.47 Y4034 F500,00
G1 X14,69 45,76 F500,00
GOT 710 F500,00
G4 P150
G1 X16,11 Y52,01 F500,00
GOT 70 500,00

Zero Setting AZRN

G1 K18,17 Y61,13 F500,00
G1 K10,94 Y52.01 F500,00
G1 K16,11 Y52,01 F500,00
GO 710 F500.00

G4 P150

G1 ¥30,89 Y54,54 F500,00
GOT 20 500,00

G

<Auto>

Auto Start 4 P150
G_code G1 X25,95 V55,38 F500,00
transfer

option

G1 X27.50 Y5853 F500,00
G1 X29,53 Y6054 F500,00
G1 X31,78 Y61.49 F500,00
G1 X34,65 61,83 F500,00
G1 X38,43 61,42 F500,00
G1 ¥39,63 Y60,79 F500,00
G1 X40.49 Y59.73 F500.00 v

File Open

Auto Stop

sTOP

7% Yot 46 Fo00.00

[ Timer ]
=

Hyeon-dJi Jang - Seung-bum Park
Ji-Won Kim - Eun-Seo You - Dong-Wuk Yi

G-Code Q'n'dirty toolpath simulato

S Ee

>

Paste your g-code in the left-hand window or drop 2 file on the page and see the pre:
your tool path on the right
The right-hand pane are interactive, drag them to change the point of view

Total Duration:

Bounds (@tool center).

ec
0,001 sec A

817 sec ]
X 0s491

Y 06954
zZ 0 20

a7 5. o= Mo AlAE= GUI
Fig. 5 Multi-axis control system GUI

184



Python&

o3 GUI 7I%ke] 4% Alo] Alz=w) A 3 A

2.4 Python GUI A4

I9 5% 4% A|2=®lS Alojsls GUIE +4 3 3t
Holt}, 4% Aojaty] s E GUISH ofFolxrt
USB PortZ E@ Serial 541 W24 o]&35le] HE
2 7SES A vk V[EH R FE HAX
VEES GUI As AgstA 2A9E Tools
3= Qt designer Z=2195 o] &3 A ZsGTE T
A AXAESLE A7 $eedE AYshE Jogot
G-code® 438t Auto 75 HE, JZ=49 Fileg
FASFE A9 23 G-codeE YA HEE W93
SA A o}fFo ].,_01] G codeE 3 =4 HAI
S EAEE ﬂ%‘ } Progresshar, ®E 3
5 5 ]"1 e gk AR
EH’H—E fé“& ol E 48 5 9l
Python®] QThreadZ ©]-&38}]
G-code %A1, Fa151= gl 3t th% ThreadE
dAstdA dgs JugFs s F UAEE AN
o 3§18 Gocoded] AAghe AHHoz
oFsl7] a4 Simulator YA ES GUIZE 94 8k
of tig AR

1|

[¢]

A&

mlo

KR
=

=

=

p=ie]

o
=

) ’
=

ol
-

do ok
& b doy rlf

-

5% 4 BT YRS 74

2.5 A% G-code W3
a9 62 AdA A FxRE
A G-code® WHI3}= %

= JAA JE 2 d3sy] 2
ol(Z)Y ARE JY3IH, 3)H 50
g

ﬁrﬁz

Y), vvX), =

zobd 1A, ol safof & Ag] 5o JrE uesto]

G—code9] fhe WdstEs 7t dAH T
< A Ak 2HS o]&s] wiidd V% 3

D}% step @ HA ghS wrolof gt} o} Fo] oA

B ko] mm ©@9jol7] el 90°E 7Eo® o)F

ok 3 24w stepo® ANt FEE F URE

Akl

m, s o pst

3.1 Bresenham¥ Runspeed¢] Z &= vl
% 19 A3+ 2% 75 Runspeed Algorithm¥}
Bresenham Algorithm= AF&3le] 23 A=

W1 G_code_option ? X

Tome Optian

Steucture_|nformation

o
Plane Structure:
© 43 degree ;::::" ] .
i 2
00 dEg[‘EE Height : ,50—‘

J% 6. G-code Hat M &
Fig. 6 G-code conversion options window

goltt,. 9= HAd olF JFEg
33.26mm=, Runspeed®] 745 YHo= A &
Azt 0%2 eA-&8 EOLE}. 231}, Bresenham?]

- 7% A, dmme A5 A AF LTt 12.03%
o] Q&S WALk

oy 78 243 A3 Bresenham®
Yaxis' 7 T s’ Fo] EiE Heola glo
'S EAkY] QUM SE =

°]
so] Hgol tig oA A AT = ok

213 5}

Bt AS7S ool A
3] % Zsl+= RunspeedES AF-E3
o] Alxdle]l L E Eole=
S g F Uk

1.

Table 1. Experiment of Results Accuracy

e ree as
232 Yaz MY

XYZ
Measure
movement Error
total rate
Speed displacement [%]
[mm]
Runspeed 33.26 0
Bresenham 29.26 12.03

185



JKIECS, vol. 19, no. 01, 181-188, 2024

4@25 s

I Bresenham Algorithm I

LGS

I Runspeed Algorithm I

2l 7. Bresenham algorithm2} Runspeed
algorithm2 H&st €=

Fig. 7 Output with Bresenham algorithm and
Runspeed algorithm

32 YA FxE 90°° =9

a4 8@k 1™ 8= fPA FEREe] HH
“4axis'et Wl ‘ABC'E F23 Zdatsolt) o= ¢
A A7t =& RunspeedE ©]&3t &5t

(a) WU} gA Fx2=
(a) Output for planar and stereoscopic structures

oMol EH=

1/5C

b) & Fx==oMe EHE
(b) Output for stereoscopic structures
12l 8. Runspeed Algorithme 0| &8 &Mz}
U TESoMe EHE
Fig. 8 Output for planar and stereoscopic
structures using Runspeed Algorithm

186

u}

A 7;% 1] %l!_?_ jHAI_ I:(')I-%l‘

CNC A% #57b 443l wek 4% CNC Alo)
Aol o BAlel F7kan ATk 3% Ao} 71&e
F2 gE b3l AEHAAR, tE A
A FHAAE BAG Fept W e

st A = glen, udk 5 uAd

| Q2
N
m{>

ol l‘10 i)Y
w

2 Grbl e 45 A
ol 3l golof s, 3}
3 OH’:”F st w@Hlo] gl

=rAE 7€y 3F Ao FxE
& 3dF AE FUete] 45 Al =
th o]& TEE] A 48 RIS
%3 AF Python GUIE Tdatgom,
Bresenham's Line Algorithm¥} Az H]&& o]&3h
Runspeed Algorithm WH & A &3to] 45 Al=Hle
714 7% 2 B9 Ao dueFE getgth
a3 dugss Histd SAE EHIE A¥
Runspeed Algorithm® i, 2a}-&°] 0%2h= AS &
¢13+1 A %k Bresenham Algorithm®] 79 ¥ 12.03%
o eAES M RS E1F 4 Qlrk whEbA, Ad
311 ZeHew k¥ £ ¥ Runspeed
Algorithm 71" & A-&3to] A% REE 753 43}
YA FREAMNE 718 F A FAATh

VR =EE=T B
611.]__5]

K

f 1t
o
rlu
> b
i = b

]
( 0]:0 ¢

1
oo o H
Y
ol
¥

+ Runspeed Algorithmell acceleration %k
g3t 57|40 Y A9 vdE dauEs
ol&3ttH R} WE JlEANY =2 AHAUEE
= O3 Aloj7t 7k o2 7)diErh

N oo o

2UAtel 2
of wRe 203y BALEYI $ER Y

.

References

[1] S. Jee and H. Lee, “Integrated Controller
Design for Multi-Axis CNC Systems,” J. of the
Korean Society of Precision Engineering, vol. 23



Pythong ©]&3 GUI 7]WHe] 45 Alo] Alz=g) AA 51 A=

no. 5, 2006, pp. 93-102.

[2] H Cho, K. Kim, H. Jang, J. Jeon, and S. Lee,
“PLC and Arduino CNC Control for Comparison
of 2D Outputs,” . of the Korea Institute of
Electronic Communication Sciences, vol. 16, no. 6,
Dec. 2021, pp. 1295-1302.

Innovation  Foundation[INNOPOLIS],

“Computer Numerical Control (CNC) Machine

Market” The Global Market Trend Report, Aug.

2021, pp. 1-27.

J. Kim, M. Song, C. Lee, C. Moon, and J. Lee,

Korea

(3]

(4]

“Study on Welding Systems for Efficient
Joining of Stainless Steel Pipes (I) -
Development of a  Four-Axes  Control

Automatic Welding System,” ]. of the Korean
Society of Marine Engineering, vol. 41, no. 9,
2017, pp. 819-824.

[5] M. Kim and ]. Lee, “Education of CNC
Machining Using Knowledge based System,” ].
of the Korean Institute for Practical Engineering
Education, vol. 2, no. 1, 2010, pp. 58-63.

[6] W. Jang, “Development of the Triaxial CNC
Machine  Tool the  General-Purpose
PC-based  Education,” Thesis,
Gyeongsang National University Graduate school

for
Master’s

of convergence science and technology, Feb. 2016.
H. Ngo, Embedded
Motion Controller Supporting the Software
PLC functions,” Thesis,
University ~ Graduate school of intelligent system

7]

“Development of the

Master’s Dong-Eui
engineering, Feb. 2009.

[8] J. Yang and S. Kwak, “Fault-Tolerant Control of
Input/Output  Asynchronous Sequential Circuits
with Transient Faults Violating Fundamental
Mode,” ]. of the Korea Institute of Electronic
Communication Sciences, vol. 17, no. 3, June 2022,
pp. 399-408.

[9] S. Lee and Y. Hong, “A Modified Bresenham’s
Line Drawing Algorithm Using Symmetrical
Property of Line Segment,” Trans. of the Korea
Information Processing Society, vol. 6, no. 8, 1999,
pp. 2213-2221.

[10] B. Cho, H. Lee, W. Choi, Y. Kim, and S. Lee,

“Design and Implementation of 3-Axis Control
System using The Non-Linear Algorithm,” |. of
the Korea Institute of Electronic Communication
Sciences, vol. 17, no. 5, Oct. 2022, pp. 833-840.

[11] G. Heo and D. Ryu, “Unified Programmer for
AVR-Based Arduino-Compatible Boards,” ]. of
the
Communication Engineering, vol. 25, no. 1, Jan.
2021, pp. 96-101.

[12] J. Choi, C. Kim, C. Lee, G. Choi, and B. Lee,
“Outdoor Care System using WEMOS and
Arduino MEGA,” ] of the Korea Institute of
Electronic Communication Sciences, vol. 18, no. 4,
Aug. 2023, pp. 677-686.

Korea  Institute of Information and

MR 24

ZH81 Xl (Hyeon-Ji Jang)

20208 3€~FA AL
A x}-F-8k 7} )8}

2024 A gt AR ek
A

Ht S B (Seung-bum Park)

20179 3¥~&A FALUY

A3} Aot

20243 St A xgstky
d4dA
A}, AN 28
ZX|2(Ji-Won Kim)
;mn."v 2017](31 S%Nﬁ_xﬂ %A—]%EH'@‘LIL

A At At

20249 gl E A AFota
EEEE
97, Al A, BN A

187



JKIECS, vol. 19, no. 01, 181-188, 2024

F2M(Eun-Seo You)

202011 3E~EA A s
A A58k 7} A5}

2024 FA s AR
=94

£

3}

# PalRok 1 2pEAo], R, BAA

=

0| S=(Dong-Wuk Lee)

20179 3E~AA A EEt
A=pgsta A3t

2024y Ll—/ng]slﬁ Z] ;q.—g'«t‘;
) o =d 94

0| &LH(Seung-Dae Lee)

19908 @Edsta ARt
£(F8HAD)

1992 @=ojel oebg AR
3} 2¢(F3HAAD

A

1000 Sk tebel AA-Bes) £4)(
HpAL)

1995% ~ S A Eeh st A} s
¢ THAROE : fTAMEAA LG, MEAD Wt

of
e

188





