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Abstract. The necessity is substantiated and the concept of the implementation of the 
MTConnect data exchange standard in CNC systems for the monitoring of equipment 
operating in the contract manufacturing system is presented. The methods of data exchange are 
analyzed. The architecture of a CNC system with support for the MTConnect standard and a 
mechanism for the transfer, processing and storage of data are proposed. Testing of technical 
solutions in the AxiOMA Control CNC system is demonstrated. 

1.  Introduction 
In connection with the increase in the volume of small-scale and single-unit production, large 
manufacturers are being supplanted in industry, and small enterprises operating in accordance with the 
system of contract production appear in their place. The essence of contract manufacturing is that the 
customer company transfers the production of products to other enterprises that accept many different 
orders for sale. Thus, the concept of contract manufacturing allows large corporations involved in the 
creation of high-tech equipment, transferring production to outsourcing, to concentrate on their basis 
the scientific potential involved in research, design, development and implementation of innovative 
technologies. It is possible to provide a high level of equipment load for small enterprises. 

The executing company receives either a developed technological process by which it will 
manufacture products, or it receives documentation and technical requirements for the product and 
independently develops the technological process and makes these products. Its task and responsibility 
to the customer is to ensure compliance with the technological cycle and quality control of finished 
products in accordance with customer requirements. 

Currently, the outsourcing of most enterprises is world-wide, and therefore, inevitably there is a 
need to control the quality of technological processes at remote facilities. Thus, there is a transition 
from simple contract production to virtual corporations, when individual production ceases to be 
separate contracting organizations, and becomes an integral part of a large virtual corporation and is 
responsible for the release of quality products on time. Under these conditions, increased requirements 
for the performance of machines. It is important for the contracting company that the contractor 
guarantees that its equipment now, in its actual condition, can carry out the program to produce the 
required number of products in accordance with the prescribed technological process. This requires 
systems for automatic assessment and maintenance of the status of critical components of the machine, 
which in general is the health of the machine. 
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2.  Data Exchange Standards 
The work of a virtual corporation is impossible without using of various world standards. Corporations 
are large customers and sources of financing for their contractors, they impose strict requirements on 
the formats for exchanging documents and data. Contractors, wishing to participate in the production 
chain, need to provide support for the necessary exchange formats at their level. Thus, manufacturers 
will choose equipment that will be able to interact with higher-level systems through standard data 
exchange protocols. For machine tools, the implementation of such protocols falls at the level of the 
control system. That is, support for standardized data exchange methods for numerical control systems 
is a competitive advantage. 

For example, Boeing uses the STEP-NC standard to develop components, assemblies and other 
assembly units of aircraft, which allows integrating models and technology for various industries 
(electronic components, hydraulic and pneumatic components, machining industries, etc.) within a 
single document. ) In terms of feedback, other international standards apply, for example, MTConnect 
or OPC UA [1]. 

MTConnect is one of the standards for data exchange designed to receive process and operational 
data directly from numerical control systems. The standard defines the following things: 

- an exchange protocol in the form of XML documents and their schemes, 
- format for the description of the components of machine tools and data sets for each of them, 
- methods of organizing data streams from technological equipment. 
OPC UA is another standard for interfacing with machine tools. That was appeared before the 

MTConnect standard. Compared to MTConnect, OPC UA has wider functionality, for example, 
method calls, subscriptions with a “dead zone” and aggregations, processing of historical data and 
providing type safety. In addition, it allows to transfer data other than text in binary format, which 
significantly reduces the amount of data transmitted [2,3]. 

3.  AxiOMA Control System Architecture with MTConnect Support 
Data from CNC technological equipment must be collected, processed, accumulated and used for 
monitoring and decision making within the framework of the Industry 4.0 concept [4-8]. The company 
can operate machine tools with various control systems. Each control system receives data on the 
status of drives, safety devices, etc. [9-11]. To transfer data from various CNC systems to the level of 
MES-systems, SCADA-systems, enterprise management systems, it is necessary to use a single 
standard protocol. 

MTConnect standard support for a numerical control system comes down to the implementation of 
two main modules: an adapter and an agent [12-15]. 

MTConnect adapter convert the data received from the machine tools in the native format of the 
CNC system to the dictionary format defined by the MTConnect standard. 

MTConnect agent is a module that collects data received from various systems and integrates with 
a top-level management system. 

Any CNC system can provide its technological and operational information in its internal format. 
Typically, this format is used for interaction between the components of the CNC system. Figure 1 
shows the interaction between the terminal and the kernel of the AxiOMA Control system [16-19]. 
CNC system kernel receives information from the drives and electroautomatic devices of machine 
tools. By means of a communication medium, which can be used as Ethernet, or various industrial 
buses (PROFINET, SERCOS-III and others), the data is transmitted to the terminal part. Data can be 
transmitted via synchronous or asynchronous channels: a synchronous data exchange channel works as 
follows - a client requesting data waits for it to arrive and uses it (for example, processing a user 
presses a button on a panel), an asynchronous channel - a client requests data, for example, a terminal 
it requests the values of the current coordinates, and continues to work, the updated coordinates arrive 
at the terminal with a certain frequency and are displayed on the screen [20,21]. The adapter can be 
implemented as part of the control system kernel, or as a separate process. Using MTConnect protocol, 
data is transferred asynchronously through the Adapter to the Agent. Data received by the agent can be 
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transferred to monitoring systems to monitor the status of machine tools, to decision support systems, 
to other systems, such as data analysis systems, enterprise databases, etc. 

CNC Kernel

MTConnect 
Agent

Decision 
support system

Monitoring 
system

Electroautomatic 

devices

Drives

Communication medium

Other Systems

CNC Terminal

MTConnect 
Adapter

Synchronous data transfer

Asynchronous data transfer

Figure 1. Interaction between the terminal and the kernel of the AxiOMA Control. 
 

Data exchange is carried out using a communication module as part of the kernel of the CNC 
system. To solve the problem of integrating support for the MTConnect protocol in the AxiOMA 
Control CNC system, the adapter module is integrated as an intermediate component between the 
communication module and the physical data transfer interface (Figure 2). 

The MTConnect adapter translates data in the internal format of the AxiOMA Control CNC system 
into the format defined by the international MTConnect specification. Data in the MTConnect format 
is transmitted to a higher-level control system. 
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Figure 2. MTConnect Adapter in the kernel AxiOMA Control system. 

4.  Testing the operation of the MTConnect Adapter in the CNC AxiOMA Control 
The MTConnect standard supports four types of queries: 

• Probe request - equipment metadata that is requested and is currently presented in the agent; 
• Sample request - a set of values for data objects currently available for streaming data from an 

agent, taking into account any filtering defined in the request; 
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• Current request - the current value of the data objects associated with each piece of streaming 
data available from the agent, taking into account any filtering defined in the request; 

• Assets request - information about the active equipment (parts of equipment) of MTConnect 
from the agent, subject to any filtering defined in the request. 

Using Probe Request as an example, consider the execution of a request (Figure 3). The top-level 
control system (MES-, SCADA-system and others) creates a request to determine the axes, their types 
and units of measurement along the axes for the machine tool. This request is addressed by the 
MTConnect Agent, which generates an XML document with the appropriate parameters. Further, this 
document is transmitted to the MTConnect Adapter, which accesses the CNC system, receives the 
appropriate parameters from it. Then these parameters are added to the XML document and 
transferred to the MTConnect Agent. MTConnect Agent transfers the received information to the top-
level management system, which parses this document and presents it in a form convenient for the 
user, for example, in the form of a table. 

Top-level
 Control System

MTConnect
Agent

CNC

Probe Request:
Axes, Axes types

Axes units

XML:
name, type,units

Processing request:
Filling XML with data 

from the CNC

XML Processed:
name, type, units

Axes, Axes types 
and Axes units?

MTConnect 
Adapter

XML Processed:
name, type, units

Figure 3. Example of the executing a Probe Request. 

4.1.  Probe Request  
Using this request, it is possible to get the hierarchical structure of equipment connected to the CNC 
with the MTConnect adapter. 

As an example, consider the adapter receiving the axis parameters from the CNC system: the name 
of the axis, its type (speed or position feedback), the units of movement along the axis (mm, inch). To 
execute the Probe Request, the adapter accesses the control for data by sending a request to 
http://127.0.0.1:5000/probe. The CNC system for querying can interrogate devices using its 
mechanisms or transmit machine parameters. It is enough information from machine parameters for 
this example with axes. Information is transferred to the MTConnect Adapter, written to an XML file. 
Figure 4a shows a fragment of an XML document with axis information. The XML file is then 
transferred through the MTConnect Agent to the top-level management system. Figure 4b shows a 
variant of the presentation of the received data by the top-level control system. 

 
<Axes id=”axes” name=”axes”> 
<Components> 
<DataItems> 
<DataItem name=”X” type=”POSITION” 
units=”MILLIMETER”> 
<DataItem name=”Y” type=”POSITION” 
units=”MILLIMETER”> 
<DataItem name=”Z” type=”POSITION” 
units=”MILLIMETER”> 
</DataItems> 
</Components> 
</Axes> 

 

a) b) 
Figure 4. Fragment of an XML document with information about the axes (a) and a variant of the 

presentation of the received data (b). 
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4.2.  Current Request 
Using this request, it is possible to get the current values of data objects connected to the CNC with 
the MTConnect adapter. 

As an example, consider the adapter receiving the parameters of the current coordinate values and 
spindle speed. To execute the Current Request, the adapter accesses the CNC for data, sending the 
request to http://127.0.0.1:5000/current. The CNC system, upon request, transmits data on the current 
position and speed values to the adapter. Information is written to the XML file. Figure 5 shows a 
fragment of an XML document with information. The XML file is then transferred through the 
MTConnect Agent to the top-level management system. An agent can collect data from several pieces 
of equipment, so in each container you can specify the name of the equipment and its global 
identification number. 

 

 

<Sample> 
<Coord_X dataItemID=”Xcurrent_1” name=” 
Xcurrent” sequence=”1” timestamp=”2020-
05-13T20:45:38.562005”>14.446</Coord_X> 
<Coord_Y dataItemID=”Ycurrent_1” name=” 
Ycurrent” sequence=”2” timestamp=”2020-
05-13T20:45:39.354520”>19.853</Coord_Y> 
<Coord_Z dataItemID=”Zcurrent_1” name=” 
Zcurrent” sequence=”3” timestamp=”2020-
05-13T20:45:39.572534”>0.000</Coord_Z> 
<Speed dataItemID=”Speed_1” name=” Speed” 
sequence=”4” timestamp=”2020-05-
13T20:45:40.256581”>1000</Speed> 
</Sample> 

Figure 5. Example of writing an XML document to obtain the current values of the coordinates along 
the axes and spindle speed. 

4.3.  Sample Request  
As an example, consider the adapter receiving the parameters of the coordinate values and spindle 
speed for a certain period. To execute the Sample Request, the adapter calls the control for data, 
sending a request http://127.0.0.1:5000/sample?from=0&count=5. Sample requests are sent with 
parameters, where the from parameter determines from which starting point of the data sequence in the 
agent buffer to receive data (sequence) and count determines the amount of received data after the 
starting point. The result will be a document containing data that fell within the specified range. The 
CNC system, upon request, transmits data on the current position and speed values to the adapter. 
Information is written to an XML file. 

5.  Conclusions 
Integration into the Russian AxiOMA Control CNC system of support for the international standard 
for MTConnect data exchange significantly increases the competitiveness of the system. It allows it to 
be easily integrated into higher-level production control systems together with control systems of 
other, including leading foreign, manufacturers. 
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