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To facilitate the maintenance of large machines with working
area of several meters, one equips them with additional
terminals, as well as a supplementary remote handler. A
practical approach to develop operator terminals, specialized
panels and remote handlers, implemented as CNC kernel clients,
is suggested. The control transfer mechanism is implemented.
Examples of creating a multi-terminal solution for turning-
milling machine and a web client for performing remote
monitoring and controlling of a CNC machine are provided.
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I. INTRODUCTION

The use of CNC systems in modern technological systems
has long gone beyond stereotypes, according to which there is
a machine tool with a CNC system, an operator terminal and a
manual control panel (which is optional) [1].

Complex machine tools, like machines with a working zone
of several meters, require additional operator terminals [2,3].
Depending on the method of implementation, additional
operator terminals can be:

e Full-featured, which are completely identical to the
main terminals;

e Simplified, in which only key information is displayed,
such as the status of the control system and the PLC
(Programmable Logic Controller), the current values of
the axes, process state parameters, etc.;

e Combined, which use a mixed solution, for example,
several full-featured and several simplified terminals.

Regardless of the scheme used, at any time only one of the
terminals can be active, i.e. only one of them can transfer
control commands to the kernel of CNC system, the remaining
terminals are passive and only display information about the
state of the control system and the machining process.

Unique and technically sophisticated machine tools require
specialized panels and additional manual handlers for
maintaining the main and auxiliary mechanisms [4]. The
development of such panels and manual handlers, as well as
the appropriate interfaces and connection schemes, is a
laborious process.
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In recent years, simplified web terminals have been
increasingly used for diagnostics of machine tools and their
units and for remote monitoring of the technological process
[5]. This involves integration into the control system a web-
browser and a script generator for creating pages.

In spite of the variety of described problems, all of them
can be solved on the basis of a common mechanism. The paper
proposes an approach to create operator terminals for
specialized panels and remote manual handlers, implemented
as CNC system kernel terminal clients.

II. STRUCTURE OF THE CONTROL SYSTEM WITH TERMINAL
CLIENTS

Formally, in the CNC system, depending on the purpose,
the following control tasks are distinguished: geometric,
logical, technological, diagnostic and terminal. Recently, with
the expansion of the functions of the control system, additional
tasks have been identified, such as the communication task [6].

The geometric control task is responsible for the process of
shaping the workpiece, the logical control task is connected
with the control of the cycle logic of the machine tool. The
technological task is present if special control of the
technological process is required [7], for example, control of
laser beam power [8,9] during laser cutting. The diagnostic
control task is connected, first of all, with diagnostic functions
of geometrical and logical control tasks [10]. The
communication control task implements general network
communications, including communications with MES and
ERP systems. The terminal control task is responsible for
interaction with the operator, in the framework of this task the
terminal clients are implemented.

A. Client-Server Architecture

In the kernel of the CNC system, the dedicated interfaces
implement the abstraction at the level of the drives and cycle
logic (Fig. 1). The proposed solution allows one, according to
customer demands, to build the CNC systems with servo drives
and PLC I/O operating on high-speed field buses (SERCOS,
EtherCAT, etc.) [11,12]. The interpolation algorithms do not
need to be changed.
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Fig. 1. The structure of the control system with terminal clients organized on
the "client-server" principle

The interfaces implementing the abstraction at the level of
the communication channel [13], on the one hand, separate the
data stored in the CNC system kernel from their visualization
on the terminals. On the other hand, they separate the
commands coming from the specialized panels and remote
handler from their execution in the CNC system kernel. Web-
terminals are connected through web-servers, implemented at
this level of abstraction.

B. Control transfer mechanism

The mechanism of control transfer is based on the notion of
"active client" and "exclusive ownership of the right to
control". When the control system is started, there is in the
kernel an active client by default. The address of the active
client is defined in the machine parameters of the control
system.
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Fig. 2. Sequence diagram of mechanism for changing the active terminal
client

If there is a need to transfer control (Fig. 2), the active
client refuses to hold the right to control (Deactivate control
(). After that, any of the terminal clients connected to the
kernel is able to take over the control right (Obtain_control ())
and become an active client.

III. EXAMPLES OF PRACTICAL IMPLEMENTATION

Consider two examples that illustrate the implementation of
a mechanism for the transfer of control on turning-milling
machine that is designed to process large workpieces and the
web terminal for remote monitoring and controlling the kernel
of CNC system.

A. Multi-terminal solution for turning-milling machine

The machine tool is designed to handle large parts
weighing up to 125 tons, has a round table with a diameter of 5
m and a milling table with a length of 9 m. The height of the
workpiece can be up to 5 m. The machine tool is equipped with
14 servo drives controlled by the SERCOS interface, 8 of
which are organized into 3 gantry groups (Fig. 3) [14]. The
machine tool implements turning and milling processing and is
equipped with technology 5-axis machining [15].

To control such a complex machine tool with a large area
of working space, it is impossible to use the CNC system of
standard equipment. To solve this problem, two regular
terminals and a specialized remote control panel were used
(Fig. 4).

The kernel of the CNC system is implemented on the x86
platform and operates under Linux RT OS. Terminal clients are
connected to it through industrial hab.

Terminal 1 and Terminal 2 are implemented as full-
featured regular terminals, and each of them includes: an
operator panel operating under Windows OS with the .NET
platform, a machine panel based on the ARM platform and the
Linux OS and an industrial PC keyboard.
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Fig. 3. The sketch of the machine tool and operator are shown in the scale
model
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Fig. 4. The organization of terminal clients on turning and milling machine
tool

A specialized remote control panel is implemented on the
ARM platform with Linux OS. There is a small screen, which
displays the current coordinates of the axes, the current mode
and the status of the CNC system. More than 20 physical
buttons on the remote control panel are used to control the
machine in Jog mode, either bound to the cycle logic functions
machine tool via the PLC program.

Terminal 1 is located in the service area of turning.
Through the configuration of the machine parameters, it is
assigned as the "active client" in the kernel of CNC system.
While it is active, only it can submit commands to the kernel of
the control system for changing modes, starting the part
program, stopping it, changing the feed and spindle speed,
moving with handwheels, etc. All other terminal clients are
passive. All commands coming from inactive terminal clients
are ignored by the CNC kernel.

Terminal 2 is located in the service area of milling. To
transfer control to it, the operator has first to deactivate
Terminal 1, by means of the activation button on the machine
panel, then to activate Terminal 2 by means of the similar
buttons on its machine panel.

Similarly, the control is transferred to the remote control
panel. The difference from regular terminals is that side lock
buttons are available. The remote control panel operates as
long as the operator's hand holds these buttons. If the remote
control panel is dropped, it is blocked. The activation button is
located on the remote control very panel.

B. An example of building terminal clients based on a web
browser

The advantage of using web browsers is that they can be
used available everywhere, including mobile devices. Solutions
based on a web browser do not require special hardware
solutions, such as the presence of physical buttons of machine-
and function-keys located around the screen of the regular
operator terminal. It should be borne in mind that applications
based on a web browser have limited functionality. They
cannot substitute the regular operator terminals, web browser
terminals are focused on narrowly specialized tasks and have
limited functionality.

Terminal web clients are used as auxiliary operator
terminals, process monitoring terminals [16] or as a part of the
control system configuration and diagnostics tools.

As an example of a terminal web client, let us consider an
application for monitoring and controlling the machining,
which is as close as possible to the standard operator HMI
(Human Machine Interface) (Fig. 5). The application is
developed in HTML 5 with the use of the JavaScript and it is
destined to work with the touch-screen. Most often it is used on
a tablet with a web browser. The F-keys (function keys) to
navigate between the HMI screens and the M-keys (machine
keys) to control the auxiliary equipment via the PLC are
implemented. The status bar displays information about the
active control channel, the current operating mode, the state of
the NC system, the executing time of the part program.
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Fig. 5. Web application for monitoring and controlling of the machining



The status bar also displays information messages,
warnings and errors when they arise. The configuration file
determines the PLC information displayed on the right of the
status bar, for example, the supply of spindle lubrication is on
or off, the motion along the axes is permitted or blocked, etc.

In the area of the part program, the name and contents of
the executable file are displayed, the current NC block is
highlighted. The user can select and activate the file of the part
program.

In the axis information area, the axis names, the units, the
current axes position, the programed end position in the NC
block and the rest of the path are displayed.

The web terminal also displays information about the
current feed and spindle speed, active G and M functions, and
the number of the selected cutting tool.

IV. CONCLUSION

The proposed approach to create of terminal clients in the
CNC system allows one to solve the task of multi-terminal
control of the CNC machine. The problem is extremely
relevant for complex machine tools with a large working area,
equipped with several operator terminals, specialized panels
and remote controls panels [17,18].

The implemented algorithm for transferring control
between terminal clients, based on the notions of "active client"
and " exclusive ownership of the right to control ", provides a
simple and reliable mechanism for switching the active
terminal.

Terminal applications based on a web browser have limited
functionality and are focused on narrowly specialized tasks
[19,20]. They cannot completely replace the regular HMI
terminals of the operator. Terminal web clients are used as
auxiliary operator terminals, process monitoring terminals or as
a part of the configuration and diagnostics tools of control
system.
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