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MAKER: Design an Application Software for a 3D printer Based on 

MTConnect 

Abstract 

Smart manufacturing technologies improve the productivity, efficiency, and competitiveness for 

U.S. industries. Key enabling technologies in smart manufacturing are to 1) acquire real-time 

heterogeneous data from IoTs, sensors, and machines tools, and 2) make decisions from the data 

using analytics. This Maker project discusses the development of a prototype Application software 

for a 3D printer based on MTConnect protocol. This Application is able to collect, visualize, and 

store data from additive manufacturing processes. This project aims to train students about 1) 

MTConnnect on Adapter, Agent, and Application development, 2) additive manufacturing, 3) 

database, and 5) communication protocols, for manufacturing operations. The results developed 

through this project potentially can be used in the “Manufacturing Automation” course to teach 

students concepts related to the MTConnect. 

 

1 Introduction 

Data is the foundation for the smart manufacturing. It drives manufacturing activities such as 

monitoring health status of equipment, scheduling, prediction and optimization of processes and 

systems. Nevertheless, data collection at shop floor is a challenge due to the variety of machines 

with different types of interfaces and communication protocols, which leads to issues related to 

complexity and interoperability. If data collection is inconsistent, it causes extra difficulties for 

analytics to generate valuable information and profitable decision for manufacturing operations. 

In addition to this, many Small- and medium-size manufacturers (SMMs) do not have access to a 

cost-effective method and expertise on data collection and analysis from their manufacturing 

equipment. Thus, much of the data generated in their production operations goes in vain. In the 

context of Smart Manufacturing and Industry 4.0, SMMs need 1) light weighted efficient ways 

and 2) skillful workforce to collect and analyze the data generated in their operations. To address 

the complexity issue in data collection, the recent advancement in loyalty-free middleware such as 

MTConnect and OPC UA (OPC Unified Architecture) allows the development of a unified data 

collection system that does not rely on proprietary and expensive commercial software. 

Additionally, these middlewares are open-source, which allows users to freely modify the software 

for their applications.  

 

Virginia State University (VSU) recently received a subaward from Virginia’s NIST-MEP Center 

(GENEDGE) helping SMMs at Virginia adopt smart manufacturing technologies. In addition to 

this, the University uses the technology developed through this project to train next generation of 

Engineers. Equipping engineering students with the knowledge on MTConnect and OPC UA is to 

prepare them on the necessary skillset related to Smart Manufacturing and Industry 4.0. This paper 

introduces a Maker project at VSU on developing a MTConnect-based Application software for a 

Stratsys™ F370 3D printer. With this software, various real-time machine data were collected, 

visualized, and archived from the printer controller and different sensors such as thermocouple, 

voltage meter, and current meter. MTConnect was implemented as the communication standard as 

well as the information modelling technique to realize unified connection, integration, and 



 

management in the software. Experimental results validated the feasibility and advantages of the 

proposed MTConnect-based Application software for the 3D printer.  

 

The rest of this paper is organized as follows: Section 2 presents a brief introduction to the 

background of MTConnect. Section 3 introduces the system architecture, information model, and 

key coding techniques of MTConnect-based Application software. Section 4 presents the results 

of software development. Section 5 concludes the research and outlines the future direction.  

 

2 Background of MTConnect  

MTConnect is an open, free communication protocol based on Extensible Markable Language 

(XML) and Hypertext Transfer Protocol (HTTP) [1]. MTConnect defines the vocabulary and 

semantics of the information model, which can be retrieved from devices. It serves as a 

middleware, which enables a unified system connection to avoid the complex driver setup and 

vendor specific connection. In order to build a MTConnect solution, a developer needs to work on 

the elements including devices, Adapter, Agent, and Application. 

 

Devices are machine tools, robots, sensors, etc. in manufacturing activities. Adapter is a software 

component that enables communication between the device and the Agent. The users need to 

develop Adapter for legacy machines, but many of latest machines already have Adapter enabled 

for the MTConnect. Agent implements the HTTP protocol, XML generation, and MTConnect 

protocol. Application accesses the MTConnect Agent and parses the agent’s XML output to 

perform specific tasks such as data visualization, storage, and analytics etc.  

 

To develop an Application, the Agent should provide data items associated with each component 

in a device [2]. The data item that MTConnect can retrieve from components includes status, 

failures/faults, process/tooling/machine, energy usage, sensor data, quality data/inspection output 

etc. With these data, the users can formulate machine information for specific Applications such 

as utilization, overall equipment efficiency (OEE), energy consumption, maintenance, 

quality/inspection results, and verifying simulation with real data.  

 

 
Figure 1. An Example on Current in MTConnect 

 

The data item can be extracted using commands of /Current and /Sample to the IP address of the 

device in an HTTP web browser [1]. Current provides the most recent value for each data item. 



 

An example on /Current outputs on a 3D printer is shown in Figure 1. Sample provides a stream 

of changes from a certain point in time. An example on /Sample outputs on a 3D printer is shown 

in Figure 2. Current plus Sample provide XML data stream for the device on initial state plus all 

sample stream in SHDR (Simple Hierarchical Data Representation) format. This data stream can 

be aligned with timestamps and context.  
 

 
Figure 2. An Example on Sample in MTConnect 

 

3 System Development  

The Application software was developed on a Stratasys™ F370 3D printer, the overall architecture 

for the system is as Figure 3. The 3D printer has integrated sensors to measure temperatures, 

electrical current, electrical voltage, material flow rate, and work axis position etc. It also provides 

the MTConnect Adapter and Agent to collect machine status and controller data as well as sensory 

data in XML format. 
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Figure 3. Overall Architecture for the MTConnect Application Software for the 3D Printer 

 

The information model, which includes components and its associated data items, provides a 

logical structure to extract information from physical asset. The information model for the 3D 

printer is as Figure 4. The components include axes, extruders, material bays, drive blocks, power, 



 

oven, etc., in the 3D printer. The data items enabled for each component is also presented in the 

model. 
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Figure 4. Information Model for the Software 

 

The Application software was developed using Python, because it is a free and open-source with 

well-designed built-in libraries as well as many third-party open-source libraries and modules 

available. The MTConnect Application was developed in a Client-Server model. The Sever 

collects real-time data from the networked 3D printer by sending HTTP requests for access to the 

MTConnect Agents of the machine. The HTTP requests were performed using Requests library in 

Python [3] to the XML data illustrated in Figures 1 and 2, then use the parse function in the library 

of xmltodict [4] to get the current data. The Application sample code to request and parse data 

from the MTConnect Agent XML page as shown in Figures 5. After the data is parsed, the sever 

also automatically store and insert the relevant pieces of information into an SQL database using 

the PyMySQL library [5].  

 



 

 
Figure 5. Sample code on the Server to Get and Parse data from MTConnect Agent 

 

The Client sends commands to the Server to get up-to-date time-series data and append them in 

categories, and then display the data in different machine views. A sample code for getting and 

appending the time series data in categories is as below Figure 6. 
 

 
Figure 6. Sample Code on the Client to Append Categories Data from MTConnect Server 

 
 
 



 

4 Experiment and Results 

After the prototype Application software was implemented, a test experiment was conducted on 

3D printing dog bone samples in ABS (Acrylonitrile Butadiene Styrene) plastics. Data from 

machine and sensors is generated using MTConnect adapter, transmitted to MTConnect data in 

the MTConnect Agent. The sampling rate was every 10 milliseconds (ms).  

 

Figure 7 is a snap shot on the Commanded and Actual Positions on axis in X, Y and Z.  

 

 
Figure 7. Machine View on the Commanded and Actual Positions on Axis in X, Y and Z 

 

Figures 8 and 9 are the temperatures on the model extruder and support extruder. In Figure 8, the 

model extruder was in the working state to print the model layer, and temperature is about 260 to 

270 Celsius. Please note that when printing ABS materials, the nozzle temperature ranges from 

200 to 250 Celsius [6]. In Figure 9, the printing of support layer was finished, the extruder was in 

the idle state, so the extruder was cooled down and temperature is about 170 Celsius. The results 

displayed in Figures 8 and 9 are consistent with the additive manufacturing process. These results 

validate the data collected through the Application software. 
 

 
Figure 8. Machine View on the Model Extruder Temperature 

 



 

 
Figure 9. Machine View on the Support Extruder Temperature 

 

Figure 10 shows the interface on the data being stored in a SQL database. These archived data can 

be used later for analyzing the 3D printing process.   
 

 
Figure 10. Data Storage to Online SQL Database 

 
 

5 Conclusion and Future Direction 

This paper presents a successful Maker project on developing an Application software, which is 

able to extract the information from a 3D printer based on MTConnect protocol, visualize the data 

in different machine views, and automatically store data to an SQL database. From this project, 

we conclude that students successfully learned knowledge on: 1) communication protocols 

including MTConnnect and OPC UA, 2) using Python to develop MTConnect Adapter, Agent, 

and Application, 3) additive manufacturing, and 4) database, for manufacturing operations. The 

results developed through this project potentially can be used in the “Manufacturing Automation” 

course to teach students concepts related to the MTConnect. 

 

The research team plans the future research as follows. 1) To further develop the software with 

data analytics capabilities for other applications such as quality control, system monitoring, etc. 2) 

To scale up the current system from a single machine to a fleet of machines such as a combination 

additive and subtractive manufacturing machines. Ideally, the team visions to have all the CNC 



 

machines and 3D printers in the School machine shop to be integrated using MTConnect and/or 

OPC UA standards. Such an integration provides a prototype of “Smart Factory”, which provides 

not only an excellent pedagogy resources to educate next generation of engineers on concepts 

related Industry 4.0., also an outstanding research infrastructure for Smart Manufacturing. 
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