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Abstract— The purpose of this study is to  clarify the 

components of the Computer Numerical control  machine 

(CNC) with the sequence of steps carried out to implement the 

basic principles of a CNC machine. The aim is to build a fully 

functional Computer Numerical control machine using Open-

source software and microcontroller system.  Here, a prototype 

of a CNC plotter is made  to write and plotting data on a 

rectangular coordinate system. It  is With a slight tool change 

such as a laser head or a cutting tool, the plotter may become a 

small 3 dimension CNC machine working on the same 

principle as a full scale Computer Numerical control machine. 

Keywords— CNC machine,  automation, stepper motors. 

I. INTRODUCTION  

This CNC stands for Computer Numeric Control and 
typically refers to a machine whose operation is controlled 
by a computer. The most common usage of CNC is its ability 
to cut, etch, mill, engrave, builds, turn and otherwise perform 
manufacturing operations on various materials through 
computer control. Typically, a CNC machine has the ability 
to move a cutting or 3D printing head in 2 to 6 axes, meaning 
that it can position that the tool head at a precise point in or 
on the material to create the cut or operation desired at that 
point. By controlling a CNC machine through a PC it is 
possible for the user to design a product on-screen, convert it 
to CNC-readable code and then send that data to the CNC 
machine for it to produce a physical copy of the item 
designed [1-3]. 

Numerical control (NC) enables an operator to 
communicate with machine tools through a series of numbers 
and symbols. New machine tools in CNC have enabled 
industry to consistently produce parts to accuracies. The 
same part, can be reproduced with the same degree of 
accuracy any number of times if the CNC program has been 
properly prepared and the computer properly programmed. 
The operating commands which control the machine tool are 
executed automatically with amazing speed, accuracy, 
efficiency, and repeatability. The machine tool movements 
used in producing a product are of two basic types: point-to- 
point (straight-line movements) and continuous path 
(contouring movements) CNC systems rely heavily on the 

use of rectangular coordinates because the programmer can 
locate every point on a job precisely. 

For example: 

A X2.000 Y2.000 

B X1.000 Y-2.000 

3 dimension CNCs are widely used in the fabrication of 
both electronic and mechanical parts of large machines. In 
order to grasp the workings of a CNC machine we have 
decided to assemble a CNC plotter to understand the 
theoretical and practical knowledge behind CNC 
mechanisms. A Plotter is a special type of printer that uses a 
pen to draw images on solid surfaces. In Computer Numeric 
Control (CNC), a microprocessor is used which is capable of 
processing logical instructions interfaced with a computer. 
The logical instructions are provided by using a computer in 
the form of code or text or image which is then transformed 
into a machine language by the microprocessor to be 
executed by the machine. 

II. COMPONENTS 

A. HARDWARE  

The XY-plotter consists of three axes operating in a 
Cartesian plane. Each axis includes a drive stepper 
motor that is driven by an appropriate means. Where x 
and y controls the pad’s position, and the z axis 
controls the pen’s elevation. 

1) Stepper Motor 
A stepper motor is a type of DC motor which has a full 

rotation divided into an equal number of steps. It is a type of 
actuator highly compatible with numerical control means, as 
it is essentially an electromechanical converter of digital 
impulses into a proportional movement of its shaft, providing 
precise speed, position and direction control in an open-loop 
method, without requiring encoders, end-of-line switches or 
other types of sensors as conventional electric motors 
require. The stepper motor holds several advantages 
compared to the DC motor. It can be controlled at a low cost 
and obtain high torque at startup and low speeds. The 
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construction of the motor is simple and able to operate in an 
open loop control system. The rotation angle of the motor is 
proportional to the input pulse and the motor has full torque 
at standstill. 

. 

Fig. 1. Stepper motors 

2) Printed Circuit Board 
The Printed Circuit Board (PCB) is used to hold all of 

our electrical components in one place and in a sense it is the 
head of the CNC with the microcontroller being the brain. It 
was a DIY (Do-It-Yourself) project using an open source 
program, called KiCad. It facilitates the design 
of schematics for electronic circuits and their conversion 
to PCB designs [4-6]. After the circuit board was tested by 
choosing the correct parts and connecting them properly. 
Then  the board was virtually created by placing the 
components on the board in the easiest way to connect them 
without jumpers. Subsequently, all the parts with a copper 
trace according to the schematic (Routing) were connected. 
The final look of the board is referred to as the footprint. The 
footprint is then printed using a laser printer onto a piece of 
paper with a glossy texture. The glossy paper is then placed 
on top of a copper clad board and heat is applied (an iron for 
example) to transfer the toner onto the copper. To remove the 
copper that is not covered with the toner,  the copper clad 
board in FeCl3 (Iron (III) Chloride) acid was soaked, this 
process is called etching. Once the etching process is 
complete the board was cleaned with acetone revealing the 
copper that was initially underneath the traces. Now the PCB 
is done. And the components are soldered in place see Fig. 2.  

 

The L293D is quadruple high-current half . It is designed 
to provide bidirectional drive currents of up to 600-mA at 

voltages from 4.5 V to 36 V. It can drive inductive loads 
such as relays, solenoids, DC and bipolar stepping motors, as 
well as other high-current/high-voltage loads in positive-
supply applications. All of its inputs are Transistor–transistor 
logic (TTL) compatible. The L293D chip is used to control 
the motors. Each integrated circuit contains 2 H-Bridges. 
Due to the fact that it is a bipolar stepper, there are two coils 
therefore, Each H-Bridge is attached to a coil. In our 
mechanism we used 3 motors, hence we needed 3 Integrated 
circuits (ICs). 

3) H-BRIDGES 
The name "H Bridge" is derived from the actual shape of 

the switching circuit which controls the motion of the motor. 
Basically, there are 4 switching elements in the H-bridge. 
These are: High side left, High side right, Low side left, Low 
side right. When these switches are turned on in pairs they 
alter the motor rotational directions. The truth table below 
shows us what switch combinations cause what rotation. 

TABLE I.  THE TRUTH TABLE 

Truth table 

High 

left 

High  

right 

Low 

left, 

Low  

right 
Description 

on off off on 
Motor runs 

clockwise 

off on on off 
Motor runs 

anti-clockwise 

on on off off 
Motor stops or 
decelerates 

off off on on 
Motor stops or 
decelerates 

 

 

 

 

 

Fig. 2. Printed circuit board L293D IC 

https://en.wikipedia.org/wiki/Circuit_diagram
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Printed_circuit_board
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Fig. 3. L293D IC 

 

 

 

B. SOFTWARE 

The part of a computer system that consists of encoded 
information or computer instructions, in contrast to the 
physical hardware from which the system is built is known 
as the Software. The software’s used in this project comes 
under open source. Open-source software (OSS) is computer 
software with its source code made available with a license 
in which the copyright holder provides the rights to study, 
change, and distribute the software to anyone and for any 
purpose. The software’s used are  Arduino IDE, Inkscape  
and Gctrl  

1) ARDUINO IDE 
This software is used to program the Arduino UNO board  

to carry out its function within the mechanism [7-11]. 
Arduino IDE (Integrated Development Environment) is 
designed to introduce programming to artists and other 
newcomers unfamiliar with software development. It 
includes a code editor with features such as syntax 
highlighting, brace matching, and automatic indentation, and 
provides simple one-click mechanism to compile and load 
programs to an Arduino board. 

Inkscape 

Used to draw the image. It then exports the image as G-
code with the help of the “Unicorn” plugin. The use of 
Inkscape as the G-code generator enables the users to draw 
and trace their image before converting into a G - code file. 

2) G-Code 
G-Code is a set of instruction that contains a number of 

X, Y, Z, coordinates depending on the file. G-code instructs 
X axis of the machine to travel from X1 to X2 points with a 
specific speed and same is true for Y&Z axis. G-code tool 
“Unicorn” is an open source Inkscape extension, to export G-
code for use with a CNC machine. G-code example: 

 M300 S50 (pen up) 

 G1 X8.43 Y7.69 

 M300 S30 (pen down) 

 G1 X28.80 Y36. 

3) GCTRL software 
This software streams the Gcode to the Arduino. So that 

the Arduino can interpret the code and the CNC machine can 
start plotting. 

 

4) SOFTWARE  STEPS 

 Then open Inkscape and adjust the work space to 
40x40 mm (max distance provided by the steppers) 

 After select or create the text or image, convert it to 
paths otherwise known as vectors and save the file as 
a G-code file “Drawing. G-code”. 

 Next  stream this file to the Arduino using Gcrtl. 

 The firmware is then programmed to interpret these 
instructions and translate them into movement. This is 
done via a code written by the developer of the 
mechanism. After all these steps are carried out, the 
CNC will be already printing. 

 

C. ALGORITHM (CODE) 

The purpose of the code is to translate G-code 
instructions for movement, so all it does is waiting until it 
receives G-code and then it starts analysing it line by line. 

At first, it ignores all the comments (if a line starts with a 
“(” that means it’s a comment and ignores the rest of the 
line), this’s done using pointers in the C++ programming 
language. 

After ignoring what doesn’t matter the program runs a 
“switch Case” that check for the first line if it’s either a “G, 
M” where is G00 & G01 means linear motion followed by a 
position, if it gets an M it makes sure that the next 3 
characters are 300 followed by an S if so it reads the next 
two numbers, if it’s 50 that means moves the pen up if 30 
moves it down. And if it finds a “G” it will make sure that 
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the next two characters are either 00 or 01 and if so it starts 
looking for the X and Y coordinates after the G01 and 
convert the numbers from char to float and calls another 
function with these two arguments (new position. X, new 
position. Y), this new function converts the new coordinates 
to steps by multiplying it by a Step/mm constant and using 
the stepper library for the Arduino, it moves the appropriate 
stepper that amount of steps 

Note that in order to move in a straight line or in 45 
degree angle this would be enough, but if we want to move 
in a curved line or at a 30 degree angle for example, that 
wouldn’t be possible sense the steppers only move with full 
speed, that’s why we used Bresenham's algorithm to 
calculate movement between two points [12]. 

D. ASSEMBLY 

Reaching the final look for the CNC wasn’t an easy task, 
we ran into unexpected problems like attaching 2 steppers to 
each other in order to achieve X&Y movement without 
affecting each other’s motion.  

Coming up with a design to put together 3 motors 
without crashing into each other was challenging and 
frustrating, but at the end, it was worth it (see Fig. 4). 

1) CALIBRATION 

 Stepper revolution: which determines our 
stepper’s speed and from looking this up we 
find that drive steppers have a 20 to 24 step per 
revolution, we used 20. 

 Stepper millimeter: we determined this by 
moving the stepper an X amount of steps and 
measuring the line it drew and dividing X by the 
line length in mm we found out that it’s 

6(Step/mm) for the Y axis and 4.5(Step/mm) for 
the X axis. 

 

2) IMPROVEMENTS 

 END STOPS: end stops are used to return the plotter 
back to the origin zero after the drawing is done. This 
is used as an improvement because it is more 
practical than manually repositioning the stepper 
motors. 

 Extra Tools: by simply replacing the pen with a 
powerful laser, for example, engrave into wooden 
stuff, or using a motor with a drill bit attached as 
milling machine or just for drilling at a precise place.  

3) LIMITATIONS 

 DIMENSIONS: the dimension of the drawing is 
limited to 4 × 4 cm due to the used stepper motors. 

 POWER SUPPY: our power supply is an ATX power 
supply. The supply we have for our integrated circuit 
is either 3.3volts, which is too weak or 5volts which 
over heats the ICs. The IC has an overheating 
protection, but to further help solve the issue a buck 
boost converter may be used to supply us with a 
variable power supply from our static power input. 

Buck-boost converter: The output voltage can be either 
higher or lower than the input voltage. It can be obtained by 
cascade connection of the two basic converters:  

 The step down converter  

 The step up converter  

 

 

 

Fig. 4. The complete CNC Plotter 
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Fig. 5. The result of the CNC Plotter 
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III. CONCLUSION 

This study is about building a mechanical prototype of 
a CNC plotter machine which is able to draw any image or 
text on a given solid surface, it consumes low power and 
works with high accuracy due to precise controlling of 
stepper motors. This is a low cost project compared to 
other CNC products. It is made with easily available 
components and spare parts. The machine is designed with 
a very simple construction scheme and can be carried 
anywhere without much effort. The algorithm used is 
simple. The pen can be replaced with a pinhead or laser 
head or any other tool for different purpose of use. 
Software that has been used is open source and user-
friendly. 

In this work, we got familiar with one of the famous 
industrial technology which is Computer Numerical 
Control. After a hard work for creating a working CNC 
prototype we have gained skills in electronics and software 
development.  
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