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Abstract- Normally CNC (Computer Numerical 

Control) machine does the desired operation 

according to the G-code which is already programmed 

inside the system of that machine and it does that 

operation again and again. But this new type of 

approach of CNC machine through hardware machine 

learning doesn’t need to program for every new 

operation. Just one time coding is enough and the 

machine learns automatically whatever the operation 

you did before manually and it stores that movement 

and that movements will be sequentially repeated by 

the machine. Here, the machine learns the movements 

through ones and zeros by hardware pulses. 
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I. INTRODUCTION 

In day-to-day life, people don‟t like to spend 

money in programming every time for any 

embedded application. Instead they prefer that 
machine has to learn on its own whatever the user 

desires. That is the main reason for the evolution of 

Artificial Intelligence. This Artificial Intelligence 

usually works through Machine Learning. So, in that 
case, here is the new way for the CNC machine to 

work through Machine Learning. 

Machine Learning can be done either by two 
ways, one is through hardware or other is through 

software. Here this CNC machine learns through 

hardware. The reason to bring machine learning in 
CNC machine is that nowadays in industries if a 

particular CNC machine has to do some operation 

like drilling, grinding, turning, cutting etc., its code 

has to be programmed and then that machine will be 
used only for that particular operation [1], if there is 

a necessity to change the operation then again it has 

reprogrammed to do different operation. So, this is 
somewhat waste of time and money to tell the 

programmer to code for every operation. Instead the 

machine has to learn automatically and no need to 

program [2], [5]. In this new approach, user has to 

do manually one time whatever the operation they 
want to do, after that the CNC machine captures that 

operation and repeat that operation for any number 

of times and just one time initial inbuilt program is 
enough. And especially no need of G-code for this 

type of CNC machines. 

In this hardware through Machine learning 

means mechanical contact that means if contact 
happens then it is consider as „1‟ and that „1‟ is 

counted every time it contacts. If there is no contact, 

then that is consider as „0‟ this „0‟ cannot be counted 
which result in loss of accuracy which has to 

rectified in programming. In this prototype, CNC 

machine, we used PIC microcontroller 18F4550, 
MicroC Pro for PIC as a compiler, PicKit 2 is used 

to burn the hex file into the microcontroller and 

Oscillator frequency of about 12MHz, 5V Stepper 

motor, ULN2003 Motor driver, 5V Servo motor, DC 
Motor and 16x2 LCD. 

II. LITERATURE SURVEY 

The following literature Survey explained below 
is from the reference given at the last of this paper. 

1. This paper explains „Fuzzy Synthetic Evaluation 

Model in CNC Machine‟ it tells about to 
improve the preciseness of the CNC Machine by 

Analytic Hierarchy Process and two-level fuzzy 

synthetic evaluation model through fuzzy 
mathematical method. 

2. This paper is about „Intelligent CNC Machine‟ 

explains the automatic generation of CNC 

programs on the basis of neural network. The 
NC program works by 2D or 3D computer 

model. It is applicable to the process like 

drilling, reaming, milling, threading. 
3. The explanation of the paper „Measuring the 

CNC Machine using Genetic Algorithms‟ is for 

International Journal of Pure and Applied Mathematics
Volume 116 No. 24 2017, 521-527
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

521



optimizing the NC program for measuring the 

CNC Machine by manipulating the probe 
movements and measuring environments. 

4. „Cutting Strategies in CNC Milling Machine‟ is 

established to rectify geometrical error in the die 

cavity profile and also to remove unwanted 
volume in the material used for die cavities with 

no reduction in machining time and cutting 

process. 
5. This paper came up with a new idea of 

„Programming the CNC Machine through 

Intelligent CAD/CAM System‟. They used 
NSGA-II for multi-objective optimization and 

also for swarm intelligence. A simulation model 

is designed and the machine compile that model 

into machine language through the logic of 
artificial intelligence and make that model. 

6. „Designing parameters for CNC Machine Tools‟ 

it is done by evaluating the relation between the 
servo-loop gain and computer sampling rate. 

7.  

III. PROPOSED ARCHITECTURE 

 

 

 

 

 

 

 

 

 

 

 

 

IV. MACHINE LEARNING THROUGH 

HARDWARE 

 

Figure 1.Button like arrangement to produce pulses 

From the Figure 1 is the hardware we made 
that acts like a push mutton. In that, the copper thin 

metal piece is the button which do not contact with 

the silver conducting metal piece. From the two 
terminals of this two different metal pieces is 

connected to the Pic Microcontroller. So from this 

hardware arrangements only the machine learns your 

movements that is why we call this as machine 
learning through hardware.  
 

V. EXPERIMENTAL SETUP 

 

Figure 2. Sketch image 

PIC 

18F4550 

Buttons for Play, Pause, 

Holes, Stop and Reset 

Get input as pulses 

as 1’s and 0’s for X 

– axis movement 

Get input as pulses 

as 1’s and 0’s for Y 

– axis movement 

Send the counted 

pulses of X-axis to 

the Stepper Motor 1 

for X–axis 

movement 

Send the counted 

pulses of Y-axis to 

the Stepper Motor 2 

for Y–axis 

movement 

Initiate 

the Servo 

Motor for 

drilling 
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Figure 3.Sketch Implementation 

 

 The above Figure 2 and Figure 3isthe 

hardware sketch image and actual implementation. 

From the Figure 2, flower like arrangements is the 
main setup which produces pulses of 1‟s and 0‟s and 

henceforth we call that as „Pulse Generator‟. And 

two push button type arrangements which is 
explained of Figure 1 are placed at the sides of the 

pulse generator. These push buttons are named as 

F1, F2 and B1, B2.  
The F1 and B1 buttons are used for X-axis 

movement and F1 is for forward movement and B1 

is for backward movement. Similarly, F2 and B2 

buttons are used for Y-axis movement and F2 is for 
forward movement of Y-axis and B2 is for backward 

movement of Y-axis.  

So, whenever the pulse generator rotates 
which activates any one of corresponding X or Y 

coordinate movements. When you pull the machine 

manually in X-axis if the movement is in forward of 

the X-axis then only F1 button will activate and 
power supply will only be send to that particular 

button and all other button‟s power supply will be 

stopped. Similarly, when the machine is pulled in 
backward movement of the X-axis only B1 button is 

activated. This same function is take place in Y-axis 

movement also.  

 
Figure 4.Manipulation of Pulse Generator 

 

From this setup whenever the pulse 

generator generators a pulse of „1‟ the PIC 
Microcontroller counts that pulse and stores the 

counts of number of times „1‟ is appeared. But the 

microcontroller doesn‟t count pulses of „0‟s that has 
to be rectified in the embedded C program. That 

rectification can be done by some manipulation. To 

find that, first measure the radius of semi-circle 
which is around the pulse generator. 

 
 

Figure 5.Semi-Circle arrangement in Pulse 

Generator 

 

The distance between from one „1‟ pulse to another 
„1‟ pulse has to be measured and that is consider as 

„0‟s and this „0‟s won‟t be taken into account by PIC 

Microcontroller. So, add additional „1‟s in the 
program according to your Stepper Motor by 

knowing the arc it takes for one pulse. This is to 

improve the accuracy and we have added 25 pulses 

for one „0‟s. So that whenever two „1‟ occurs 
microcontroller takes one „0‟ which is equal to 25 

„1‟s.  This process is called Machine Learning 

through hardware. 
 

VI. WORKING MECHANISM 

There are so many operation can be done in 

single CNC Machine. We made only one operation 

to prove that this type of Machine Learning can be 
done that is “Drilling Operation”. Now how to 

operate this drilling machine? Just like the normal 

lathe machine which do drilling operation like that 

this machine operation is also the same with little 
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modified functionality. If you want to drill any 

particular position on the wooden piece. Pull the 
machine by hand itself and bring the drilling pointer 

or drilling bit to the desired position. That‟s it. The 

machine learnt where actually you mentioned to 

drilling by the hardware arrangements which is 
explained above. This machine has some options for 

the users like Play, Pause, Stop, Holes, Reset.  

Now press the „Play‟ button and the 
machine moves back to initial position from the 

place wherever you left and again press the „Play‟ 

button to begin the operation to drill. Once you press 
that button machine moves exactly how you moved 

before manually, this command is given by the PIC 

Microcontroller to the two Stepper Motor of X-axis 

and Y-axis and once it reaches that drilling position 
the microcontroller activates the Servo Motor and it 

drills exactly at that position. After that it moves 

back to its initial position. 
 This moving back to its initial position can 

be calculated by a very simple algorithm, 

 
Back_1 = q - t; 

Back_2 = q1 - t1; 

 

 The above code states that to find which is 

the greater value from F1 and B1 as „q‟ and smaller 
as „t‟ and subtract the greater value with smaller and 

that gives the value of „Back_1‟ to bring the 

machine of X-axis to initial position and do the same 

for F2 and B2 correspondingly to get the value of 
„Back_2‟ to bring the machine of Y-axis to initial 

position. Once it back to its initial positon keep the 

next wooden piece you want to drill or use a 
conveyer for continuous flow of the wooden pieces. 

This process keeps repeating until you press the 

„Pause‟ button or „Stop‟ button. If you want to do 
drilling at some other position. Press the „Reset‟ 

button and do the operation manually and press the 

„Play‟ button.  

And to do multiple drilling in the wooden 
piece „Hole‟ button is used. To use this, once 

reached the drilling position in manual operation and 

if you want to make another hole press this „Hole‟ 
button and move the machine to next position you 

want to drill and repeat this process for number of 

holes you want in single wooden piece. Then press 
the „Play‟ button to make the CNC Machine to do 

that operation automatically.  

LCD displays the time taken to finish each 

piece and also displays what the machine is doing. 

This is the working mechanism of this CNC 

Machine. 
 

VII. EXPERIMENTAL RESULTS 

To evaluate the machine, first we checked 

how much time the machine to move from one hole 

to another without drilling. The time taken to move 
1 cm it takes 3 seconds and to move to 4 cm from 

origin it takes 12 seconds which is showed in Graph 

1. This time taken can be increased or decreased by 

adjusting the delays used for the Stepper Motor. 

 

 
Graph 1. Time taken to move each centimeter 

 
 From the Graph 2 to find out how well the 

CNC Machine learnt from the Manual movement. 

Manual movement is moving the machine by hand 
and drilling the desired position. Machine movement 

means how the machine has learnt your Manual 

movement and processed that movement accurately. 

The accuracy can be established depends upon your 
hardware arrangements which is explained in Figure 

4 and Figure 5. 

 
Graph 2.Accuracy of Machine Learning 

 

 The Graph 2 is drawn from the X-axis and 
Y-axis movement of Table 1. 
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Holes Manual 

Movement 

in cm 

Machine 

Movement 

in cm 

Drilling 

Depth 

in cm 

Movement 

Error (%) 

X-

axis 

Y-

axis 

X-

axis 

Y-

axis 

X-

axis 

Y-

axis 

1 2 1 2.3 0.9 2 13.04 11.2 

2 2 3.5 1.8 3.7 2 11.12 5.4 

3 4.5 3.5 4 3.7 2 12.50 5.4 

4 4.5 5 4.1 4.6 2 9.76 8.7 

5 5 5 5.2 4.7 2 3.85 6.4 

6 5 2 5.2 2 2 3.85 0 

7 4 2 4 2.2 2 0 9.1 

Table 1.To find error between Manual movement and 

Machine movement 

 

 The Table 1 is to find the error of X-axis and 

Y-axis movement between the Manual movement 
and Machine movement. 

 

 
Figure 6.Side View 

 

 
Figure 7.Top View 

 

Figure 8.Control Switches 
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