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IMPROVING QUALITY OF TRAINING BY 
USING A WEB BASED SYSTEM FOR REMOTE 

PROGRAMMING OF CNC SIMULATORS 
 Abstract: Machining principles, CNC systems and 

programming are important parts of engineering education. 
The practical training in CNC programming can be carried 
out on real CNC systems with considerable costs and safety 
issues. Information and communication technology open new 
possibilities in this type of training and education by the 
development of virtual training environments (code checkers, 
virtual simulators, virtual machines or a complete virtual 
environment). Usage of software and simulations decreases 
costs but opens a set of new different issues. In this paper we 
present a training solution that is based on a CNC control 
unit simulator, a hardware training platform that is 
controlled, accessed and programmed remotely using a 
control server, web server and web based graphical user 
interface. This solution enables multiple access to a single 
hardware platform using a web interface on one side and on 
the other side provide experience of control of a real CNC 
control unit. This approach provides good results in training 
in the manual programming of CNC systems in G code. 
Keywords: CNC simulator, control unit, training, G code, 
programming, web interface 

 
1. INTRODUCTION 
 

The effectiveness of teaching machining 
principles in manufacturing courses is often 
undercut for a number of reasons such as 
limitations on laboratory facilities and 
machines, insufficient support of technicians, 
size of classes, limited financial resources for 
performing costly experiments, and safety 
considerations [1]. As a consequence, it is 
difficult to arrange appropriate or sufficient 
machining experiments which may be common 
in many educational institutions. Training for 
CNC programming is an important part of 
engineering education, at both a vocational and 
academic level. Generally speaking real manual 
CNC programming involves expensive training 
and education because it deals with real, mostly 
expensive CNC machines, on the one side, but 
on the other side there is a long list of other 
needs and requirements connected with risks, 
safety, and material expenses. Usually CNC 
programming courses are mandatory for a large 
number of students; the training is mostly 
individual so the need for available working 
places is considerable. When we consider 

training on real CNC systems, one possible 
solution to overlap the gap is usage of different 
CNC simulators. CNC simulators both physical 
and software based (virtual) are useful tools for 
training in the field of CNC programming 
because they decrease the expense of training 
and provide a safe, error prove training 
environment. When it comes to physical CNC 
simulators (Haas Control Simulator TM, 
http://www.haascnc.com/cnccontrol_intro.asp) 
there are number of very tangible advantages. 

In the first place, physical Control 
Simulators provide an identical control unit 
(programming device) so the trained students 
have real experience with a specific control 
unit. There are many different training systems 
concerning manufacturer and structure as well 
as a range of available options.[2] In addition 
the physical Control Simulators provide a 
number of functionalities (such as error 
analysis) which are the same as in real CNC 
systems. On the other hand students do not 
have the “results” of their work meaning real 
produced parts. (It is important to mention that 
some of the simulators could actually produce a 
mechanical part [3]).  
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Another approach is usage of virtual CNC 
simulators; meaning software that simulates 
and emulates CNC machines, control units etc 
[4]. The virtual machining systems and 
simulation are flexible, cost-effective, and safe. 
In many cases this software has colorful 
interfaces but it does not provide real 
experience of specific control units. For 
instance the generated and used software could 
not fit in to a real life system. In addition, 
although students could have a safe 
environment with multiple usage of the system, 
trainees consider these simulations as 
something that is not real (almost as video 
games).  

Many different solutions have been 
reported in this field such as an interactive 
multimedia simulator for pre-operational setup 
procedures on a computer numerically 
controlled turning center [5]. The web based 
environments are also common for learning and 
simulation (for instance for learning of basic 
concepts of manufacturing features, and 
improving machining skills [6]).  

The Web environment has been used for 
both simulation and as a virtual training 
environment for CNC [7, 8, 9]. In some cases 
there is a note about the virtual manufacturing 
environment for education and /or training [10, 
11]. 

Another issue states: students and trainees 
need the opportunity for multiple access to 
training devices and software in order to have a 
number of developed projects (manual 
programmed CNC codes). Also the 
environment needs to be based, as much as 
possible, on real life systems as well as being 
safe. One possible solution presented in this 
paper is to develop a software system that will 
use CNC control simulators as a controlled 
object. The solution should be web based, 
meaning that users could access the system 
from anyplace and at anytime using the Internet 
environment with different software and 
hardware platforms. The user interface is 
identical to a physical CNC simulator control 
unit.  

The coded program is sent to the physical 
control unit for processing and verification, so 
the feedback from the real system provides 
experience identical to the real system. The 
presented system is applied in the training and 
educational process at the Faculty of 
Engineering, The University of Kragujevac. 

2. A Web Based System for Training of 
CNC Programming 

 
2.1 Approaches in CNC programming  

Generally speaking there are three 
different approaches in programming: manual 
programming, conversational programming and 
computer aided manufacturing (CAM) system 
programming. Although these use the same 
codes they are different but they all have their 
own place and application. During education 
and training in the field of engineering, 
generally, all of them are presented. Manual 
programming has mostly been used in cases 
where a job is simple and there is the need to 
have a program that executes as efficiently as 
possible. The characteristic of this type of 
programming is that the programmer develops 
a program in the same language as the CNC 
machine will execute. On the other hand CAM 
systems can generate a quality and efficient 
CNC program but manual programming is still 
recommended by practitioners in cases when 
they deal with high-volume work. Tailoring and 
adjusting the CNC program at the machine is 
an area of practice where it can be easier or 
more efficient to edit the G-code directly rather 
than editing the CAM tool paths and re-post-
processing the program. CAM systems are best 
used when there are a variety of machines to 
program (a programmer would have trouble 
keeping the language for each machine 
straight). CAM systems automatize the number 
of steps starting from the definition of work 
piece size and shape, up to generating a CNC 
program that is the same kind of program that 
could be written manually. Then the program is 
uploaded into the CNC machine. It is clear that 
automatic programming is “easier” in the sense 
that it does not demand comprehensive 
knowledge of machine programming. On the 
other hand a full understanding of CNC 
programming could be provided only with 
decent knowledge of manual programming. 
This is the main reason why all programming 
approaches (actually the more important two) 
are an unavoidable part of engineering 
education both at an academic and vocational 
level.  

CAM or automatic programming demand 
CAM software systems but manual 
programming demands, as a minimum 
requirement, real CNC machines or 
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programming simulators (hardware). This paper 
has focused on the latter, manual programming. 
And it is clear that training in manual 
programming can be expensive (because it 
demands expensive hardware) and it is also 
connected with different issues that were 
mentioned in the text above.  

In addition, when it comes to CNC 
programming G code programming language is 
of great importance. G-code is the name for a 
CNC programming language which has many 
implementations. Understanding of 
programming G code is crucial for the ability of 
a programmer to edit a program with a bad 
character that causes an error. For students and 
trainees it is important to go beyond the basics, 
and to learn G-code and how a specific control 
understands it. Knowledge of G code and 
manual programming is necessary to avoid run 
back to CAM systems when simple changes are 
needed, or if there is a need for improvement of 
a code, fixing issues etc. 

 
2.2 Architecture of training system based on 
a CNC simulator 
 

Respecting the need for training and 
education in this field a number of software 

solutions and training platforms are presented. 
It is clear that in training for CNC manual 
programming it is very important to provide a 
G code checker and to adjust the program for a 
specific controller as well as provide an 
environment for quality training. There are 
different software solutions that could be used 
for code checking [12]. Some systems also 
have web based tutoring components that 
deliver theory, examples and tests. [13]. 
According to analysis of different systems as 
well as training demands the pre requests for 
development of a web based training system for 
CNC programming were: 
(a) Access, upload and download of the code 

to the CNC HAAS simulator. Many 
training systems use more or less 
functional virtual CNC machines. Instead 
of this approach, in order to make the 
training system as “real” as possible real 
hardware is used for the control. 

(b) The system needs to have a lecture on the 
key operating procedures of the CNC 
machine, describing the machine, CNC 
milling, G programming and help for the 
developed web based interface. 

(c) A Web based interface that looks like the 
HAAS control unit. 

 

 Figure 1 – Architecture of the web based training system  
The complete web based training system 

for manual CNC programming consists of the 
following parts (Figure 1) in order to fulfill the 
defined pre requests: 
1. The controlled object HAAS CNC 

Simulator. The HAAS control simulator is 
a classroom training device. It enables 
programming and operations using, a real, 
fully upgradable HAAS control panel and 
keypad. It also enables programming and 
downloading directly from the Control 
Simulator to the HAAS machines.  

2. Control server. The control server is a 
developed software solution with the main 
idea being to provide the flow and control 
of information between the CNC simulator 
and web server. The Control Server is 
developed in C#. Control server enables 
communication with multiple simulators 
(in this case one simulator is used) and 
provide upload and download of 
developed program on CNC simulator. 

3. Web server. The web server receives data 
from the Control server or Web based 
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interface and also contains the application 
logic that enables different users’ 
functionalities (tutorials, figures, 
drawings, video clips). Application logics 
cover login, access rights, queuing and 
connection to the repository or data base. 
The Apache web server is used with PHP 
as the server side scripting language. 

4. Data Base. Different data has to be stored 
connected to access right, logs as well as 
the collection of developed examples (G 
codes with drawings or pictures of object). 
The used data base system is MySQL. 

5. The CU web based interface is developed 
to provide a user friendly interface that is 
identical to the CNC simulator. The main 
idea is to provide an identical environment 
for students and trainees.  (Figure 2). 
 
The client system is a simple web browser 

that uses the Internet to connect the web server. 
The developed application has a number of 
different tasks and modules. One important task 
is to provide login functionality as well as 
queuing. The users could be logged in as 
students and as administrator. The 

administrator has the right to upload new 
content, materials and to approve new students 
(clients). The student (client) has the right to 
use e-tutoring content and to use the web based 
control unit interface. Another important 
feature is providing a queue for accessing the 
controlled hardware. Since a number of clients 
have access to the same hardware unit, possible 
clients need to access hardware and perform 
simulation in a specific order. The students 
develop G code on the client side, that they 
send to the simulator via the web server and 
control server and receive a response from the 
simulator. During this specific time the other 
users have information that the system is busy. 
Only after receiving feedback from the 
hardware status gets changed for other users. 
These two functionalities (login and queuing) 
present an access module of the software 
solution. 

The second part of the software solution 
(on client side) is the e-learning system. 
Students have information about the CNC 
machines, CNC simulator, G code 
programming, examples, images, drawings and 
video clips (machining, etc.).  

 

 Figure 2 – Control Unit web based interface 
 The prepared material needs to provide a 

theoretical background and an example for 
successful learning and programming in G 
code. Students can also search the existing data 
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base and find code samples for different 
operations and for different machining parts. 
This part presents the e-learning module of the 
software system. 

The final, and the most important part of 
the client solution is the web based Control unit 
interface (figure 2). The client interface is 
created in order to be as identical as is possible 
to the real (hardware) control unit (Figure 1). 
After theoretical preparation students could 
develop their own programs for CNC milling or 
drilling. Students (or trainees) have all 
functional buttons and they create a program in 
G code that is depicted on the upper right side 
of the user interface. On the client side there is 
also a script that performs the basic checking 
(for instance existence of specific codes, etc). 
This client side script corrects some errors and 
relieves some pressure from the hardware 
simulator. After the development of the 
program in G code, the program is sent to the 
web server and then through the control server 
to the hardware simulator. The Hardware 
performs code checking and verification and 
sends back results to the client. The main 
function of the control server is to provide 
control of the hardware and its connection with 
the web server. After this procedure a student 
could copy or save the program. Since the 
program is run on real hardware (control unit 
simulator) it is error free and could be safely 
used on a real CNC machine. 
 
3. POSSIBLE TRAINING TASK AND 
RESULTS OF IMPLEMENTATION   
3.1 Possible training task  

The presented system is introduced in the 
education of students at The Faculty of 
Engineering, the University of Kragujevac as a 
part of training in different courses that deal 
more or less with production, machining and 
CNC programming. Students and trainees could 
have basic and more advanced educational 
tasks using this training environment. The basic 
tasks cover general knowledge in CNC 
programming using G code and a more 
advanced task is comparing and improving the 
automatically generated software with the 
manually developed ones.  

For the basic educational and training task 
the system supports the following training 
procedure: 

1. Theoretical basis - which presents the 
basic concepts and knowledge about 
the machine, tools, and programming 
techniques. 

2. Simulation model - to help students 
prepare for further work with the 
machine using simulators and video 
clips. 

3. Execution of the experiment-after 
students master previous two steps, it 
enables them to practically run the 
system. 

In the first step students receive a 
theoretical basis and get familiar with the 
following:   Description of the real systems HAAS 

Mill TM-1,  Preparation and setting the parameters of 
the CNC machine for manual 
programming,  Tools and tool changer.  Structure of NC program, and  G and M codes. 

In the second part students have:  Small software simulator for CNC 
programming,  CNC video clips (preparation of 
machine, parameter settings, preparation 
of work piece, machining and final part).  Models and simulations (with G code) of 
specific parts. 

In the third part students:  Receive the part for which they will 
develop the program in G code. They use 
the interface presented in figure 2, then 
they submit programs to the CNC 
simulator.   After verification they send to the trainer 
or save the code. 
 

Finally the saved code can be safely used 
and uploaded on HAAS Mill TM-1. Having 
these three layers: theoretical, simulation and 
experimental tasks; the students’ get complete 
training in CNC manual programming.   

As a more advanced task the students 
could compare and contrast different programs 
developed in G-code.  Each student could have 
a personal profile with a repository of 
developed programs which could be used for 
further training. Each G-code file is 
accompanied by an uploaded drawing of the 
part as well as a number which shows the 
number of verifications before the final version. 
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It is also possible to save different working 
versions (different but similar programs) of G-
code programs. For instance students could 
upload the automatically generated code (from 
CAM system) and compare that code with the 
manually developed ones. Another possible 
task for students is to upload the automatically 
generated code and then manually perform 
changes, and improvements. All changes 
should be documented and explained. 
 
3.2 Implementation and initial results 
 The main goal of the presented system is 
to serve as a training environment and to 
contribute to better learning and training of 
students in the field of CNC programming, 
especially manual programming. One possible 
approach to evaluate this solution is to evaluate 
the satisfaction of students and trainers 
(professors) with performances and 
functionalities of this solution.  

 
Table 1 – Students’ questionnaire  

Effects of usage of CNC simulator Grade [1-
5]* 

System improves the character of the course 4 
System provides theoretical background 
and preparation for programming 

4 
System provides better training on the 
whole 

5 
Client GUI has similarity with real control 
unit 

5 
Usage of system is intuitive and provides 
good preparation form programming on the 
real control unit 

4 

System could replace work with real CNC 
machines 

1 
System could replace work with CNC 
simulators 

4 
System is better than complete virtual 
environments 

5 
Usage of CNC simulator decreases time for 
preparation for work on real CNC machines 

5 
Usage of CNC simulator makes work on 
CNC machines easier 

5 
Overall evaluation of the system 4 
* [1-5, 1 the lowest, 5 the highest] - Total number of 
36 students in last school year 
 Another approach is monitoring the level 
of learning outcomes in groups of students who 
used the described systems. Since the latter is 
only one of the possible approaches and has 
recently been employed in education the first 
approach has been selected. The 36 students 

took part in the evaluation of this solution, the 
results are presented in table 1.Although the 
number of students is not large (and all of them 
are from the same group / school year) their 
answers and evaluations are mostly expected. 
The general evaluation is that students like the 
presented solution because they believe that the 
system helps them to have better, faster and 
more efficient preparation for work with real 
systems (CNC machines). One of the most 
important remarks that students listed, as other, 
was that they highly value one possibility of 
unlimited testing and full access to the system. 
This fact enables them to repeat a specific task 
dozens of times since they are fully satisfied 
with the accomplished results. Also they highly 
value the possibility of remote access, from 
libraries, home etc. Generally they agree that 
the system helps in preparation but that the 
system could not replace work with a real 
machine, but could replace training with 
hardware simulators. 

The trainers emphasize the fact that 
training in programming on simulators (CNC 
control units as HASS CU presented above) is 
very close to training on a real machine (except 
machining, because visualization of the results 
of programming is very important for students) 
but the presented system provides the 
possibility that a larger number of students can 
work on the same, single simulator at the same 
time. In addition students have a theoretical 
basis, documents, demos, video clips which 
reduce and simplify the procedure for 
preparation for programming.  

In the second part of the research group 
that used this simulation system was compared 
with the control group (same size) that did not 
have access to this system. The evaluation of 
these two groups were performed according to 
students' exam results and students' lab reports 
in the field of CNC programming using G code. 
The groups that had access to the system 
showed more than 11% better grade comparing 
to the control groups. According to students' 
satisfaction with the distance experience (based 
on interviews) the most important benefit of the 
system was its accessibility 24/7 and 
opportunity to learn from the failure Since the 
remote controlled system has unlimited access 
to the registered users they are in the position to 
repeat their laboratory exercise a number of 
time, from any place and at any time. Since the 
students have an extended opportunity to access 
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labs, they have more chances to experiment 
with different approaches and different 
solutions.   

 
4. CONCLUSION 
 

There is no doubt that training in the field 
of machining and programming of CNC 
machines is a very important part of education 
and training of students both at an academic 
and vocational level. It is also clear that there 
are many different approaches, devices and 
even combinations and blends of equipment 
and software that enable training in CNC 
programming. Training on real systems is 
probably the most effective and provides the 
best environment but on the other hand it is 
costly training attached to a number of 
accompanied issues such as safety 
consideration, size of group, etc. Different 
hardware training simulators  decrease 
expenses and reduce some of the safety 
considerations. In order to avoid these 
shortcomings (especially the cost, because a 
number of training institutions could not 
provide a larger number of real machines for 
training) different software solutions and 
“virtualizations” have started to emerge. 
Different software solutions, simulators and 
virtual environments have the same idea, to 
provide a non-expensive, safe, easy to use, but 
still “realistic” working place for training. The 
general weakness of these systems is 
disconnection from the real world and in some 
cases the virtual platforms (in the case of CNC 
programming in G code) do not match the 
performances of real control units in real 
machines. Some of these environments are 
enriched with tutorials, examples, tests. 

In order to take some of the advantages 
from both worlds we introduced a platform that 
is based on hardware a HAAS CNC Control 
unit simulator with a developed control server 
which is connected to a web server and enables 
remote web based access to hardware. The 
main idea was to use one simulator that will 
serve the training for a complete class and at 
the same time could be accessed remotely (by 
the Internet). Also at the same time students 

have a rich web interface, with tutorials, 
examples, figures, drawings, examples of code 
etc. The second important feature is a Web 
based control unit that is the same as the HAAS 
Control unit. Students develop their G code 
programs and send them to the simulator for 
verification, they also get a verified code or 
error messages on their interfaces. Using this 
system students work and remotely use a real 
hardware system so they get full experience in 
coding and verification of their programs. This 
approach decreases the cost of training; 
provides remote, multiple access for students 
and produces a good platform for training in 
CNC programming. Initial implementation and 
usage in academic education and vocational 
training proves the quality of the platform in 
the training of CNC programming. According 
to students’ feedback they use the system from 
a remote location and use the system to repeat 
their tasks. Another important feature of the 
system is that training enables full 
compatibility with real a CNC system (TM-1 
HASS Mill tm). Finally, an important 
contribution of the presented training system is 
the fact that it uses a real hardware platform 
instead of software simulation systems. The 
presented training system enables remote 
access using an Internet connection and web 
browser as the client. In addition the system has 
a tutorial and elements of e-learning 
(theoretical part) as do some other systems. 

A possible extension of the system could 
be made in the direction of employment of 
more CNC simulators (hardware) in order to 
increase availability of the system (reduce 
waiting and queuing). The second direction of 
improvement could go toward improvement of 
the client system e.g. development of virtual 
CNC milling machine (with presented control 
unit) this would provide a wider picture for 
trainees. In all cases the core of the system 
would be hardware control unit simulators. 
Finally, another possible improvement of the 
system could be the inclusion of different 
simulators (simulators with a different control 
unit, produced by different manufacturers). 
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