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Abstract - This paper’s aim is to implement a 3-axis linear interpolation and circular interpolation algorithm for 

applications such as wood carving, laser cutting etc. based on FPGA and LPC1769 ARM. ARM deals with the 

communication with PC and other user interfaces. FPGA is used to perform interpolation algorithm and for the control 

of stepper motor. The main advantage of the system is low power consumption and low cost. The algorithm used in this 

project minimizes the complex calculations by using simple addition and subtraction. In CNC machines these linear 

and circular motions are achieved through some commands called G-code. The project consists of algorithm 

implementation of Linear and Circular interpolations in Xilinx spartan6 FPGA for controlling three dimensional 

motion. The codes are implemented in Verilog HDL. 
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I. INTRODUCTION 

Interpolation algorithm enable minimization of calculations 

in CNC system, have found wide range of applications in 

CNC machines such as Laser Engravers in industrial and 

medical applications. In this project we are developing a 3D 

motion controller using ARM and FPGA. The objective of 

this paper is to design and implement a 3-axes low cost 

laser engraving CNC machine. In this CNC system, 

implemented using ARM and FPGA, the motion trajectory 

of machine tool is generated by using interpolation 

technique. A better interpolation algorithm will give high 

processing speed and accuracy to the CNC machine. 

The key element of this CNC machine is a Laser head. 

Here we are using flying optics laser machine 

configuration. That means the table or work piece is 

stationary and the laser head moves in 3-axes. Therefore 

material clamping is not needed. By varying size of the 

work piece dynamics are not make any influence, because 

work piece is stable. This is the fastest method in various 

type machine configurations. 

The novel interpolation algorithm used in this project 

avoids the use of complex computation at each and every 

coordinate movement. In this algorithm we are using only 

simple addition or subtraction operation for the 

interpolation process making the movement fast. 

II. PROPOSED SYSTEM 

In computer numerical control system, an easiest method 

called interpolation is used for determining motion 

trajectory of machine tool. These interpolation algorithms 

are used to outline the trajectory between start point and 

end point. The interpolation algorithm determine the 

performance of a computer numerical control machine, so 

for high processing speed and accuracy , CNC machine 

require a better interpolation algorithm. This paper is aim to 

implement a 3 axis linear and circular interpolation 

algorithm for laser engraving application. The requirement 

of real-time motion control in modern high-speed CNC 

systems are increasing, such cases software interpolator has 

advantages and at the same time restriction of synchronous 

output affects the software interpolation. Hence processing 

speed, efficiency and accuracy of interpolator algorithm are 

more important. The main solution to solve this problem is 

to design a special hardware like FPGA to perform tasks in 

real time. 

In this paper, one control system combined LPC1769 ARM 

with SPARTAN-6 FPGA as the core was proposed. ARM 

dealt with the data processing and user interfaces, while 

FPGA took the charge of interpolation and track control. 

 
Fig.1 Block Diagram of Proposed System.  

Figure.1 represents block diagram of the proposed system. 

Our need is to feed G-code from PC to ARM (LPC1769), 

which will store and then process the G-code and generate 

data like displacement coefficients in X, Y and Z axes for 

the respective stepper drivers. And also used to drive 

human- machine interfaces such as LCD, keypad etc. The 

communication interface between ARM and FPGA is SPI 
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protocol. FPGA calculates interpolation parameters 

depending on the current coordinates and end point. Then it 

determine the movement corresponding to the 3 axes, 

which then generate pulses according to the movement 

calculated and drives the stepper drivers of each axes. At 

the end of the job FPGA fed back an acknowledgement to 

the ARM to get next set of data to be interpolated and 

repeats the above process again. TB6600 is the motor driver 

used to drive the NEMA 23 stepper motor. 

III. SYSTEM DESIGN 

A. Hardware design 

The hardware system mainly contains the following parts: 

(1)Processor (ARM): The embedded real-time operating 

system was ported in it, also in HMI (Human Machine 

Interface) work, ARM should respond the keyboard control 

signal and refresh the LCD display, as well as read, analyze 

and calculate the original data for the speed control, then 

transmit the result to FPGA when received the requirement. 

(2) FPGA: Operate the data received from ARM in 

interpolation, and calculate the number and the time for 

delaying of pulses which used to drive the stepping motor 

for finishing the track control, and finally complete the 

engraving in two-axes linkage, then FPGA should ask 

ARM to give the next group of data. 

(3) HMI: HMI mainly contains the GUI (Graphical User 

Interface) and LCD. Almost all the information about the 

engraving is displayed in LCD and set by the GUI such as 

coordinates to which the machine tool need to move, as 

well as the type of interpolation during the engraving in the 

form of G-code. 

(4) UART Interface: The G-code is transmitted from PC to 

ARM through UART interface. 

(5) SPI Interface: The coordinates are transmitted from 

ARM to FPGA through SPI communication. 

B. Software design 

In this project LPC 1769 ARM is act as G-code 

controller, which receives G-code from PC through UART 

and then determine the coordinates and radius(in the case of 

circular interpolation) from the received G-codes and send 

it to the FPGA(Interpolation Controller) via SPI. 

Figure. 2 shows flowchart of processes to be done in 

ARM as G-code controller. ARM waits for the data from 

PC through UART, the data is send from an application 

created using Visual studio. When we press a send or start 

button in the created application a letter is send through 

UART to the ARM. ARM check whether the received 

character is „A‟ or not, if it is „A‟ ARM send back an 

acknowledgement to the PC and toggle a GPIO pin to 

inform FPGA that the user wants to start the engraving. 

 
Fig.2 Flowchart of G-code Controller.  

 

Then it returns back to the wait state to check next character 

and if it is again „A‟ ARM informs FPGA that the user 

wants to stop the engraving. If the character received is 

other than „A‟ it indicates that the user send a group of G-

codes preceded with number of G-codes. After receiving all 

the G-codes it will wait for the request from FPGA to send 

the coordinates and radius. And also check that the GPIO 

pin for Start is active or not. Then extract the coordinates 

from the G-code and send via SPI to FPGA to do the 

interpolation, and also determine which interpolation is to 

be done. Set some GPIO pins to select interpolation. Then 

wait for the next request from FPGA, and the cycle 

continues until all the G-codes send. 

FPGA act as the Interpolation Controller and drives the 

motor for three axes. Figure. 3 shows that flowchart of 

interpolation controller by FPGA. After receiving the 

coordinates from ARM, FPGA check which interpolation 

needs to be done and then set the direction signals 

according to the quadrant on which the line or part of circle 

locate. Then calculate error according to the linear and 

circular interpolation algorithm used, if error is less than or 
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equal to zero increment x axis by one unit, if error is greater 

than zero move y axis by one unit. Then check whether the 

end point is reached or not. If it reaches the end point 

FPGA send an acknowledgement to ARM to get next set of 

data. 

Error calculation in Linear interpolation algorithm is done 

by the equation  

Fi = Xe∗Yi − Ye ∗ Xi. [1] 

Where „F‟i is error, „Xe‟ and „Ye‟ are end coordinates and 

„Xi‟ and „Yi‟ are current coordinates. 

Error calculation in Circular interpolation algorithm is done 

by the equation 

Fi = x2 + y2 – r2. [2] 

Where „r‟ is the radius. 

 
Fig.3 Flowchart of Interpolation Controller.  

C. Design of interfaces 

In this project a GUI (Graphical User Interface) application 

is created using Visual Studio to act as a HMI (Human 

Machine Interface). The language used in Visual studio is 

c#. Figure. 4 shows the GUI created for this project, in that 

GUI window, there is a text box to enter G-code by the 

user. The user can copy the G-code created in any sort of 

CAD/CAM applications. Under that text box there is four 

buttons, first button for send G-code through UART, 

second button to control start/stop function, third button is 

„auto‟, which performs functions of first button and second 

button together. Fourth button used to clear the textbox. 

Next we can see that there is a com port selection box and 

baudrate selection box. After selecting the port and 

baudrate press the button for „open‟, then we can see that 

com port status as „ON‟ and the progress bar will be green, 

only if the port is open. Otherwise it will show an error 

message box. In the second text box we can see the 

transmitted and received data through UART and there is 

also a clear button to clear that text box. 

  

Fig.4 GUI created using Visual Studio 

IV. EXPERIMENTAL SETUP 

The Figure. 5 shows the designed interpolation controller 

based on Spartan 6 FPGA. 

 
Fig.5 PCB with Spartan 6 FPGA and LPC 1769 ARM 

 

The Figure. 6 shows the project setup. It has 2 motors 

corresponding to X, Y axis respectively. The motor used is 

NEMA 23 bipolar stepper motor. For driving each of these 

motors we need separate TB6600 motor drivers. The 

enable, pulse and direction signals for each of these drivers 

are provided by FPGA depending up on the interpolation 

algorithm. The motor supply 12V for the driver is taken 

from the power supply. From the PC the program coded in 

Verilog is loaded to the FPGA using JTAG cable, and the 

program coded in LPC Xpresso is loaded to the ARM using 

USB cable. This program will remain in FPGA until next 

reconfiguration. The data in PC is send through GUI 

created in Visual Studio software. A USB cable with one 

end USB is plugged in to PC and the other end with mini 

USB to the mini USB port on the PCB, through that data 

transfer occurs. 

 

 
Fig.6 Experimental Hardware Setup 
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V. RESULTS 

Simulation results are verified by the software ISE 

Simulator. And the real experiment is done using the total 

hardware setup on card board and paper. And it is 

successfully engraved the card board and cut the paper as 

per the G-code corresponding to the particular shape.  

 
Fig.7 SPI communication simulation results in FPGA 

Figure.7 shows that the simulation result of SPI 

communication in FPGA. 

 
Fig.8 Different shapes engraved in card board  

Figure.8 shows different shapes engraved in a card board by 

using the hardware setup. 

 
Fig.9 Cutting paper using laser 

Figure 6.4 shows the same shape cutting in the A4 size 

paper 

VI. CONCLUSION 

This paper explains the implementation of 3D linear and 

circular interpolation controller for Laser Engraver. The 

algorithm is explained in detail and its hardware design and 

implementation are discussed. Verification of results shows 

that algorithm result in fast processing. Parallel processing 

of FPGA makes the interpolator suitable for real time 

operation. ARM is used as G-code controller and also 

interfaces are implemented in ARM. FPGA-based hardware 

linear and circular interpolation controller for Laser 

engraver has been implemented. It has a high real-time 

performance due to simple computations at each and every 

step resulting in fast processing. The smart linear and 

circular interpolation controller has been programmed using 

Verilog. The software used is Xilinx ISE and LPC Xpresso. 

The interpolation controller is simulated using Isim 

simulator and it is successfully implemented in Xilinx 

Spartan 6 FPGA board. The output pulses from the FPGA 

board have been fed to the stepper motor by using TB6600 

motor driver. The designed linear and circular algorithm 

works well for the NEMA23 bipolar stepper motor. 
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