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ARTICLE DETAILS ABSTRACT

Article History: Even though there are many number of post processors available, default post processors of Computer-Aided 
Design and Computer-Aided Manufacturing (CAD/CAM) software are not compatible with controllers of different 
manufacturers, and Numerical Control (NC) Codes generated by these software can’t be run on various Computer 
Numerical Control (CNC) machine controllers. Thus, interfacing CAD/CAM software to CNC machine is an involved 
problem in many industries. Also, postprocessors for certain controllers are not available. However, CLSF file 
(Cutter Location Source File) is same for all controllers. Once the CLSF file is prepared, these codes are then 
converted to opcode with the help of ‘C’ program and are send to micro controller which drives the motor as per 
the tool path requirement. Thus, in this study CAD/CAM software is interfaced directly to conventional machine 
by eliminating G and M codes. This interfacing has been experimented at smaller level for running Stepper motors 
with 8051 microcontroller. A small prototype machine was fabricated to demonstrate 2D cutting. 
This leads to Open Architecture Controller (OAC). It uses personal computer (PC). Many articles are available in this 
domain, but the present study demonstrates very low-cost machine comparatively. Deviation obtained is within 5%. 
It is used successfully for engraving work. 
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1. INTRODUCTION

 CLSF file (Cutter Location Source File) contains tool path generated by 
CAD/CAM software and other machining parameters. CLSF generated 
by most of software’s like PRO-E, UG-CAM, Master-CAM are in same 
format. It is also known as APT (Automated Programming Technique) 
file. In this study, the CLSF codes are converted into opcode with the 
help of ‘C’ program installed on a personal computer. An opcode is 
abbreviated from operation code, also known as instruction machine 
code. These codes are used to run the motors through microcontroller. 
This methodology is called as OAC.

In today’s competitive environment, manufacturer needs faster, 
easier to use and more cost-effective CNC controllers rather than the 
proprietary controllers, which individual machine tool manufacturers 
provide. These proprietary controllers present several problems:

①Training and maintenance costs are high.

②Communication between dissimilar controllers is difficult.

③While upgrading or replacing components, a user is dependent on 
sole sources for replacement parts.

④Programming additional features into the controller is difficult 
because the system is essentially closed.

2. LITERATURE REVIEW 

OAC provide flexibility in system integration and machining process 
control that is not currently available from proprietary controllers. 
It involves the development and implementation of hardware and 
software, novel process control applications, and quality assurance 
controls. It will address industrial needs by providing an “open” 
platform that allows for greater machine tool system integration, and 
agile manufacturing techniques such as intelligent process control, on 
-line machine inspection, and complex contour machining. OAC is an 
emerging technology that has many advantages if implemented properly. 

Effect of communication networks and control architectures on the 
performance of manufacturing system was examined in terms of 
productivity and precision [1]. Performance of a machining center was 
also analyzed by OAC. An open and reconfigurable modular tool for the 
design of CNC systems for machining, process monitoring, and machine 
tools was presented [2]. 

OAC will be PC based that is available everywhere. Software could 
be written for these PCs to handle CNC functions, including the user 
interface. In fact, with no special hardware to design, developers could 
concentrate their energies on software. The OAC features include 
reduced cost of machine control hardware, reduced dependence upon 
vendor specific hardware, a uniform user interface which can be used 
across different machine platforms, increased flexibility in machine tool 
control options and programmability, and increased capacity in terms of 
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functional parts, a command parser, command execution modules, and a 
hardware abstraction layer.

Parser Modules (PM) - A PM reads a programming instruction and calls 
appropriate functions within the command execution modules.

Command Execution Modules (CEM) - The CEM expose a well-defined 
API (Application Programming Interfaces) to the parser modules and 
implement a number of standard (e.g. basic axis movements) and 
extended (e.g. on-machine probing, and NURBS interpolation) numerical 
control commands.

Hardware Abstraction Layer (HAL) - The HAL provides a clean 
separation between the OAC and a particular hardware system. This 
allows OAC to be ported between various hardware platforms by simply 
rewriting the HAL. All PM and CEM will work without modification.

Thus “Open Architecture” means building the CNC with key hardware 
and software components openly available from various vendors 
and sources as opposed to a “closed” system in which access to these 
components is limited or “closed” to the end user. In a closed or 
proprietary CNC, only the CNC builder can provide replacement parts, 
modify the software, or reconfigure the components.

OAC will be PC based. The single most important development that 
makes open architecture viable for CNC is the personal computer, 
some kind of high-powered, low- cost computer that is found in almost 
everybody’s home or office these days. Software could be written for 
these PCs to handle CNC functions, including the user interface. In 
fact, with no special hardware to design, developers could concentrate 
their energies on software, with products easily customized for special 
or unusual applications or even to emulate conventional proprietary 
controls widely used on popular types of machines such as machining 
centers and lathes.

4. METHODOLOGY

In the beginning, current typical NC codes which are post-processed 
for Fanuc control are given. CLSF codes are given later. Thereafter C 
program for converting this CLSF code into opcode is explained. This 
output is given to microcontroller which generates pulses to run the 
stepper motor of the prototype machine.

4.1 Current practice using iso 6983

A typical program is as under:

O102.
G17 G01 G40 G90 G54.
G43 H1 G01 Z100. F2500 M01.
X0 Y0 S1000 M03.
G00 Z50. M08 X-40. Y0.
Z1. 
G01 Z-5. F80.
G03 X-40. Y0. I40. J0.
G01 X0.
-------
-------
M09.
M30.
Changes like ‘%’ at the start of program, ‘.’ at the end of every line, ‘R’ 
instead of ‘I & J’, for arc, ‘L’ instead of ‘G’ etc. needs to be done on different 
controllers; which are also known as Vendor Specific Extensions.

4.2 CLSF code

APT file generated by PRO-E software is used as input file for getting 
opcode. It is as under. 

SPINDL / RPM, 1000.00, CLW RAPID
GOTO 0.00, 0.00, 50.00 FEDRAT /100.00, MMPM
GOTO / -40.00, 0.00, 2.00
GOTO / -40.00, 0.00, 50.00
-----
-----
FINI

system integration. 

OAC have flexibility in terms of hardware and software. Development 
of different OAC have been described [3]. PC based OAC – CNC 
system was developed which leads to reduction of maintenance cost 
and development time [4]. Another OAC was developed which has 
characteristics of user-oriented modules and reconfigurable software, 
compared with the traditional CNC system of close structure [5]. This 
leads to significant decrease of development time and maintenance cost. 
Life of CNC machine is 10 years. Thereafter, instead of going for new 
CNC, which is costly, present machine can be used by fitting OAC [6].

An open architecture control system was studied for micro milling 
machine, including hardware construction and the software development 
of the control system [7]. OAC with new software was presented which is 
able to interpret ISO 14649 and 6983 code and translate as per internal 
structure required by the CNC machine [8]. 

An open architecture was proposed for the control of CNC systems based 
on open source electronics [9]. Open control architectures have many 
advantages including increased computational resources and flexibility 
of reconfiguration of new manufacturing units. General ideas, examples 
of implementation and latest advances of a new, open architecture 
controller for CNC systems based on platforms like Arduino etc were 
presented [10]. Numerical control kernel based on the real-time 
extension and an industrial personal computer to improve existing CNC 
machines was proposed [11].

New generation of CNC systems based on the OAC technology supported 
by STEP-NC data model was presented [12]. The proposed system 
provides an adaptable, flexible and intelligent manufacturing base. 
Existing CNC systems tend to have high level energy consumption 
[13] hence new open CNC system based on the low-power embedded 
platform was demonstrated. New OAC-NC system based on a soft-
integrated communication module which improves the data exchange 
was introduced [14]. Due to low cost of OAC, it can be used for 
Educational institutions as well [15]. Implementation of a 5-axis CNC 
machining center, using Linux CNC as PC-based CNC controller was 
presented. OAC was extended to Cyber-Physical Machine Tools (CPMT) 
by using wireless sensor network (WSN), where WSN is used to control 
and monitor machining process [16].

3. BRIEF ABOUT OAC

OAC represents an opportunity for significant cost savings in upgrading 
or retrofitting of old proprietary controllers with generic low-cost OAC, 
ease of programming, interfacing, and integration of machine tools 
because of the “openness”, and improved part production rates. 

Thus, OAC has key hardware and software components openly available 
from various vendors and sources. In closed system, access to these 
components is limited or “closed” to the end user. In a closed or 
proprietary CNC, only the CNC builder can provide replacement parts, 
modify the software, or reconfigure the components. 

OAC provide flexibility in system integration and machining process 
control that is not currently available from proprietary controllers. It 
involves the development and implementation of OAC hardware and 
software, novel process control applications, and quality assurance 
controls. It will address industrial needs by providing an “open” platform 
that allows for greater machine tool system integration, and agile 
manufacturing techniques such as intelligent process control, on-line 
machine inspection, and complex contour machining. It uses a PC-based 
controller. OAC is an emerging technology that has many advantages if 
implemented properly.

OAC presents an opportunity to generate significant benefits to 
industrial users through system capabilities, integration features and 
process monitoring and control applications. The OAC features include 
reduced cost of machine control hardware, reduced dependence upon 
vendor specific hardware, a uniform user interface which can be used 
across different machine platforms, increased flexibility in machine tool 
control options and programmability, and increased capacity in terms of 
system integration.

The basic architecture of the controller can be broken down into three 
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opcode Output file:

90
30
3
74
82
F0
14
74
2
F5 90
12
1
23
14
80
1e

Prototype machine was built. Figure 1 shows microcontroller, which 
recives instructions from laptop. Figure 2 shows a prototype machine 
comprising aluminum brackets, chrome plated rods, linear motion 
bearings, a timing belt, and a timing pulley.

Stepper motor receives the instruction from microcontroller and it runs 
the ball screw. Two parts were machined to test the accuracy. 

5. RESULTS AND DISCUSSIONS

In this study, the post processed output was tried on VMC 40 with Fanuc 
control, where the codes were accepted with little editing. However, 
same codes couldn’t be accepted on SEICOS and Emtronics control, giving 
some weird results. Thus, it was necessary to eliminate these NC codes 
so that dedicated post processors are not required. In this study, CLSF 
codes are converted into opcode using C program. These opcodes are 
transferred from PC to micro controller which is connected to stepper 
motor in order to move the slides of prototype machine built. The 
opcode generated were able to run the 12 V Stepper motor successfully 
using 8051 microcontroller. Hexagon and Circle was cut on aluminum 
work piece. Deviation obtained is within 5% as given in Table 1.

Table 1: Accuracy results.

Hexagon Circle

Maximum 
length across 

x-axis

Maximum 
length across 

y-axis

Length of 
side Diameter

Product 
dimensions 

in mm
50.0 43.3 25.0 50

Dimension 
obtained 

on machine 
in mm

48.62 42.54 23.8 49.2

Lot of attempts is seen to develop OAC, from literature review. 
Comparatively, the cost involved in this study is very less. It includes a 
personal computer and microcontroller. Present machine is being used 
for engraving work successfully.

These PC based Motion controllers can be used to control any motors 
like Brush, Brush less, Stepper, AC/DC servo motor etc. i.e. Multi- axis, 
Mixed motor control can be implemented by communicating in common 
formats using RS 232, USB, Ethernet, and Parallel ports.

6. CONCLUSION AND FUTURE WORK

In this study, machine specific Post- processors were eliminated 
successfully. Editing of the program was not required. It facilitates 
Retrofitting with ease. This project can lead to significant cost reductions 
and time savings for machining. It gives the end user the ability to 
integrate desired capabilities into the OAC. This has the potential to 
significantly improve the flexibility of the controller, as well as the 

4.3 Converting CLSF code to opcode

Logic to convert this APT code to convert into opcode which are 
recognized by microcontroller 8051 is developed using ‘C’ program. It 
is as under:

Main Programme #include <stdio.h> #include <conio.h> #include <string.
h>
#define MAXLENGTH 20
void convert_to_opcode (char[], char[]);
FILE *infile, *outfile;
void main (int argc, char*argv[])
{
char aptcommand [MAXLENGTH]; char opcode [MAXLENGTH];
int result; clrscr();
infile=fopen (argv [1], ”r”); if (infile==NULL)
{
Printf (“Error opening file %s”, argv[1]); return;
}
outfile=fopen (argv [2], ”w”); if (outfile==NULL)
{
Printf (“Error opening file %s”,argv[2]); return;
}
While (!feof (infile))
result=fscanf (infile, ”%s /” ,aptcommand); if (result<1)
break; convert_to_opcode (aptcommand, opc ode);
}
Fcloseall (); getch ();
}
void convert_to_opcode (char aptcommand [], char opcode []}
{
float a,pulse,pitch=10, feed=100, time; int result;
int arg1; a=arg1/pitch; time=arg1/feed; pulse=4;
result=strcmp (aptcommand, “GOTO”)
;
If (result==0)
{
Fscanf (infile, “%d”, &arg1); printf (“\n%d”, arg1); a=arg1/pitch; 
time=60*(arg1/feed); pulse=4*a;
-----------
-----------
Printf (“\n%f”, time); printf (“\n%f”, pulse); fprintf (outfile, “\n%x”, (int) 
time);
}
}

Resulting opcode generated through this logic, which are transferred to 
8051 microcontroller is as under,

Figure1: Microcontroller and Laptop.

Figure 2: Prototype machine.
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[10] Correa, J., Nicholas, T., Placid, M., Ferreira. 2017. A modular-
architecture controller for CNC systems based on open-source 
electronics. J. of Manufacturing Systems, 44(2), 317-323.
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implementation of a modular open architecture Pc-based CNC 
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[16] Deng, C., Guo, R. 2018. From open CNC systems to Cyber-Physical 
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quality and throughput of machined parts.

Future work includes writing a more generic program for complex 
geometry and fabrication of slides to demonstrate the movement of all 
five axes. Also, it can be extended to run 230 volt motor used in real time. 
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