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2. The specifics of the CNC system  

CNC systems have some distinct peculiarities. First of all, 
they implement the control of complicated technological 
equipment in the hard real-time mode [3]. Secondly, their 
work comprises the computing and the technological aspects, 
which makes them more complicated. This defines the 
specific requirement for the CNC system as a hardware and 
software complex, being the information source for the control 
systems of upper level, like the ERP or MES systems. 

Thirdly, the CNC system is a complex hardware and 
software product which is constantly evolving. The 
development of new versions is undertaken continuously. As a 
rule, the concept of the CNC system kernel doesn't change 
from version to version, and the evolution is carried out by the 
improvement of the program code, which is accomplished by 
means of revealing and excluding bugs and code optimization, 
as well as via the extension of kernel functional capabilities 
[4]. It is the software part of the CNC system that varies the 
most during the stage of development, yet it is as well more 
vulnerable to bugs, and therefore in some cases end users need 
to receive the software updates of the CNC system (like the 
updates of office software products). But to the contrary of 
office software products, CNC system works in more 
complicated conditions, since it implements the control in 
hard real-time mode, and in emergency situations, the 
controlled machines can not only present danger to the staff, 
but also be seriously damaged themselves, with their price 
sometimes exceeding a million euros. These circumstances 
make impossible the online updates of CNC system software, 
given the possible dangers. Meanwhile, the idle time related to 
software updates, engenders financial losses (German 
specialists estimate one hour of idle time of a CNC machine 
tool in €150 on average). Besides, the software updates can 
require changes in part programs for ensuring the correct work 
of machine tools.  

Fourth, the CNC system is a product developed for 
machine tool builders who use these systems on their 
technological equipment, with the end user of the CNC system 
effectively using this equipment at the shop floor. The CNC 
manufacturer creates his product focusing on the demands of 
the machine tool builders, while the latter form their demands 
(in particular, related to the functionality of the CNC system) 
according to the needs of the end user. In future all the 
questions related to using the CNC system should be 
addressed by the end user to the CNC system manufacturer, 
yet this relation is usually not at all developed, thus creating 
problems at the shop floor, including the damage of the 
machines.  

3. The formation of control platform 

The control platform is an extensible set of hardware and 
software solutions, of which are composed specialized CNC 
systems of technological equipment. This can be not only 
CNC system but a PLC, PAC (Programmable Automation 
Controller), Motion Control and in the future - Robot Control 
systems. The composed control system is focused just on 

specific technological equipment and it has no redundancy, 
which is typical for CNC systems offered in the market. 
On the lower level the hardware layer is placed (Fig. 1). The 
Kernel of the control system, depending on the requirements, 
can be implemented on standard PC components 
(motherboard, memory, ports ...) and NC-specific hardware 
that realizes the field bus protocols (SERCOS, EtherCAT, ...). 
Alternatively, it can be implemented on single-board 
computers hardware, for example, ARM architecture. The 
HMI (Human machine interface) in the terminal part can be 
built on the PC or ARM processor. 
 

 

Fig. 1. Hierarchical structure of control platform. 

Above there is the layer of the operating system. The kernel 
uses real time operating system (RTOS) RTLinux and 
Windows RTX (Real Time eXtension), but in future it will be 
possible to extend the supported RTOS with Windows CE or 
VxWorks. Solutions based on Windows involve kernel 
working in non-real time, which is often used to control the 
test benches. 

Hardware layer together with the operating system layer 
form a system platform, which on the one hand, is the basis 
for the development of control systems, and on the other hand, 
is open for new solutions in accordance with the future trends 
in the computer industry. 

The idea of cross-platform approach assumes masking 
system platform features of the CNC application software 
through a portable layer of cross-platform libraries [5]. At the 
control system kernel a platform-independent library is 
created, which provides timers, mutexes, semaphores, shared 
memory, threads, wrappers of Runtime library functions, and 
other elements that are specific to real time operating systems. 
The standard solutions available on the market are used in the 
terminal part. 

The layer of CNC application software is written using 
only cross-platform library functions, with no direct access to 
the functions of the operating system. The control system 
kernel implements the algorithm of part program 
interpretation, interpolation algorithms, including spline 
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algorithm, kinematic transformation algorithms, SoftPLC 
algorithms and scheduling algorithms. In the terminal part 

implements the HMI, various editors, specific diagnostic 
applications, etc. [6]. 

 

Fig. 2. Decomposition and synthesis of specialized CNC systems. 
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