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Abstract:

Computer Numerical Control (CNC) is one of the most widely used machines in modern
industries. Many tasks requiring repetitive movements or operations have been replaced by
CNC machines rather than human labor, as human focus decreases over time while machines
maintain consistent product quality and quantity throughout continuous operation. However,
the cost of industrial CNC machines is very high, making them unsuitable for small-scale
projects or home use. This project aims to design a low-cost CNC machine based on Arduino
capable of performing drawing operations according to user-defined scale. This low-cost
machine was developed to be suitable for small businesses and home use. The machine was
implemented at a total cost of 570 Libyan Dinars and was practically tested by drawing
various geometric shapes and texts. Results showed acceptable accuracy of up to +0.2 mm
with smooth motion and fast motor response. The machine was calibrated, its settings
adjusted, and potential issues such as X-axis direction reversal were analyzed with
appropriate solutions proposed.
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X offset to center point ’ Center Point
. r
Y offset to center point - k ____________ >
X and Y offests are relative to starting point ! (0,0) X+

' Initial Position

el o lae olaily L“S,):"JM el 110 J8&

GO3 - Counterclockwise Circular Interpolation

(512)
End of GO1
Starting Point for G02

Example:
» GO1 X5Y12 F200

» G03/|X0Y7|10J-5

-t '
Circular motion (0.7) : ’
End of GO2 r
LI J

Set end position

I (5.7)
X offset to center point : ’ Center Point
. ¥
Y offset to center point e el — — - _ 8 _Drpaap >
X and Y offests are relative to starting point ! (0,0) X+
"' Initial Position

Aol o lie (e (s il eliud) 111 JS4

e el s () agadl — G28 5,0kl Clas s sl — G20 / G21 Jie alsl dllia ¢ LS
A aldlay) sUai aass — G90 / G915 (Return Home)
GRBL Firmware <Gl gl ;11,23

o s s U VY A B WSl st jaadll ¢ sides Uilae 15l 5 GRBL )
SN Jseiil GRBL padid A88a cilaSaiall (g dnul 5 de sana o Janys (gS3a3 ol Lyl
Uled yinh 5 el e 5 lll 8 el 5 il VT Ja jlaall 5 g sl Jia Aslisdl) CNC 3¢l (10
daul 52 2009 sle GRBL ¢ (As¥) dauil) laa) o3 | jad) dagiie CNC 4akaiy |5k
Jazy 3l e aSa sl pravadd 4 4 Cus 18aY oy sk &3 &3 «Simen Svale Skogsrud
Cu-8 Gl Atmel Slalles Jainl & 4llal) 436 GRBL s  Arduino <l o dile e
At 58Sl il yadl 1 Hlas Ciliae pall dnia (8 ) e 15la) aad s cArduino Sls sl 8 deadiil)
J17] @ladlaall s3a SlilSa) 493 gana
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(UGS) Universal G-code Sender gt x.3.3
! "Universal" glhias sl CNC Al csadall cp Joal gill anding  Slae oSa5 mali s
Smoothieware s TinyGs GRBL <l & Loy ¢3a2%a 5 450U zal jo il jLa ae Jaal e 45 )8
(o gulall A e AV 8 WSSl padiiall oy Jass g el )€ UGS Jans [18] core2Gos
elal e S Gl yd) 5 Real-time View =il i sll 85810V e 435 Jie daga Wl 3a Jiois
AN

File Edit Machine Program Tools Visualizer Window Help

PEsSRE & p #0D:d

Controller State (DRO) * = welcomePage X|B ugs.gcode X </» [v][B] | Visualizer x E

1

E )

12
%

621
690
FEED RATE § 13| 617
N 14 694 ||
SAWIEL 15 M3 si000 e, IO,

GO0 G21 G94 G90 G54 G17 16 \

[ALARM] B g

Toolbox  Macros | JogController x| & 20 G 70

v ~ N 7 p?) 7 7
v 5 A
| | I Wi S 5 AN & mm

4x = X+ B 2%

28944 mm 1

. : o) z Console x =l
Grbl 1.1f ['$" for help] I
>>> §%
Milimeters $0 = 10 (Step pulse time, microseconds)
. $1=25 (Step idle delay, milliseconds)
StepsizeZ|  0.305 | | $2=8 (Step pulse invert, mask)
Larger $3 =2 (Step direction invert, mask)
Step size ABC 1 : $4 =10 (Invert step enable pin, boolean)
$5=10 (Invert limit pins, boolean)

SiepsizeXY|  0.508 -

Stepsize:0.508mm  ugs.gcode . Loaded File: 0rows 16:1 INS

(UGS) Universal G-code Sender g=bt » deals 112 J8&

(CNC Plotter) (21 au ) Al Jas Tasa 4

ol st Jl )b il dlae Tasi G (S jally a8 )l oSail fase e CNIC Plotter 41 sl adiey
593 Y asy G-code Gleidsi JS5 e Arduino Uno 4a sl ) oo sulall e gl PR
) ST ol JE5 s S Aald Al aSad L) ) Lehisads el 5Y1 e Anllaa
Eladia ) LY dun g W s a5 Gl ¢ st ,Y) el 438 CNC Shield V3 s
3 shadll & jae cilile (o338 Axiliie b S Lo iy ) <l JLEY) oda Jidiall J3ay S jadll
sl nadll jae A3 ) gall AS el sda Ja A guna Ayl ) Ay & jaal Gl s ) g0 Laa
Al el el ) a7 5 Y5 X staall o 4y all o it dlad 48 8 )
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Power Supply

|

IMAGE H INKSPACE I._. G-Code from Arduino
computer

CNC Shield
Stepper motor Stepper motor Stepper motor
X-axis Y-axis Z-aws
Output

CNC Plotter 4l Jae las s g lahisa ;13 JSé

sda Liiah Cua (Hardware) @alall ¢ jall el (e elgiiV1 any 20U 3 gladll A1V 5 jlaa 2a
el Bl Y1 oY) 8 el wl) g daledl) A8l 3l eaial 5 5 yuia Alayall
« Initial Steps/mm (e b suae  (Steps/mm) siale JSI S shall Jalas 4ad Cua oSl
G Zling hyndl o Ladl o3 ity Aeead) AN ASHS Ladl po 355 Y dad Lo
sl oaY Adenll 4 patl ol A5y e A8 a 13 (535 Lee «Imm 4dlus kil 5 5l [nitial
ol 2i die X jsaall (8 LD dpea e 4aiS Target Length/mm Slaie) a3 ¢ jlaall
Actual Length/mmaidtue Glad &S a5 43SWl o S5 «Target Length/mm laiay 4S )all
Aol Lalll (e Sy ST Al ) dagdll Gf Lo Jy Lae ¢« Target Length/mm ¢ Y
Al 483l alasinly Final Steps/mméad Jiaad 5 )5 pall (1 OIS N

Target Length
Actual Length

Final Steps/mm = ( ) X Initial Steps/mm

& Imm JS Ji& Eusy ¢« Final Steps/mm 4ad e Y 5 X Gnsaall Java o3 el e 2l
Lardiuaall 48 jall 4401 CaDEAY 15k s 7y saall dailly Ll AW e 418 48 ja Imm geabid)
3 aall ¢l a) 22y XFinal Steps/mm e dadll haaia &5 28 ((Lal AY) Jadie & jaa) 438
Caal dasall dlee alai) ey Adlall iy adadl Jil il ghad aae AUl 138 callaly Cus Ailen)
& Imm OS maal sy difa g 5 il d8e Agladll A8 jally dpma ) cllaal) (G 48D

CNC Al e 28ds 3 » Imm <4& G-code ! Sl
Ae gana A5 AV Lgagdi Aad ) unigd) aranaill ysad Vsl camy CNC Al o an ) (6] 2l
Gy 1Y) (il g ad ) Lalai s Apdaill de yu o slaall A8 a jlue 2aad ) e sll el 5Y) (4
igl aaaill zal y aadind a8l Gl o 4SS S ) A ) il sa )l g

775 | Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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(Start cutting path id: path243)
{Change tool to Default tool)

GO0 Z[5.000000%*#11+%8]
GO0 X[136.196920%$10+$6] Y[178.245330%$10+%7)

GO1 Z[-0.125000%%11+#8] F [#20] (Penetrate)

GOl X[136.076000%%10+$6] Y[178.020600%$10+#7] Z[-0.125000%#11+§8] F [#21]
GO1 X[135.824850%#10+#6] Y[178.150820%$10+%7] Z[-0.125000%$11+48]

GO1 X[135.939570%$10+46] Y[178.377170%$10+47] Z[-0.125000%%11+48]

GO1 X[136.196320%$10+$6] Y[178.245390%$10+47] Z[-0.125000%$11+%8]

GO0 Z[5.000000%%11+§8]

[End cutting path id: path243)

(Start cutting path id: path243)

({Change tool to Default tool)

GO0 Z[5.000000%*%11+%8]
GO0 X[136.928660*%10+%6] Y[177.346220%§10+%7]

GOl Z[-0.125000%#11+#8] F [#20] (Penstrate)

G-code-- )~ :14 J8&

Results and discussion gbidll oa e 9 <l LAY 5

Ly g Lol o Gaaaill Alaall Ol LAY e Alidis ¢ ya) ad clgina g ay &t (e elgBY) amy
Aall (15) K maas  msa S5 dslhall Clagu )l ddn e Li)8 e SUll
S Al aadiul &5 CNC Plotter AU 4alall (Software) <liseydls (Hardware)
CNC Shield 4a5h 4dla jyas Jua s I~ .e\.k.'ﬂ\ ) L;JLJ\ e all ‘?J v““)&\ dalee 2wl s <l
Arduino Uno @83 oSaidll da gy Jaldl USB S aladiid o8 lady QS pal) Juadal
L) laalaill Jlas )5 A8UalL Laay 5 31l

CNC Plotter 4l Aalall cliaa il g 2l 215 J8d
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