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TwinCAT Machine Learning opens the
door to self-optimizing automation systems
TwinCAT software has always been characterized by its modularity and openness, which has repeatedly opened up new possibilities for automation through the integration of previously standalone technologies, such as image processing and condition
monitoring. The use of artificial intelligence (AI) elements in particular promises additional optimization potential in automation.
Machine learning (ML), which is seamlessly integrated into control technology with TwinCAT Machine Learning, is considered
the most promising technology here.
Numerous application areas already benefit from embedding machine learn-

without additional sensors or test stations. In addition, the quality data available

ing in automation, such as collaborative robotics (cobots), quality inspection

for each enclosing process can be used for further evaluation. The real-time

with anomaly detection or machine optimization with model predictive

capability of the ML solution also provides the optimal basis for implementing

control. With the TwinCAT Machine Learning Inference Engine (TF3800) and

mechanisms for rejecting defect parts as early as possible in the process, even in

TwinCAT Neural Networks Inference Engine (TF3810) products, Beckhoff offers

high-volume production.

automation providers and machine builders alike all options for integrating
inference – i.e. the execution of a trained industrial ML model – seamlessly

Workflow begins with data collection

and in real time.

The ML workflow cycle begins with the ingestion of data from a (partially) automated process. Which data is to be recorded and evaluated depends, naturally,

This was implemented, for example, in an intelligent real-time inspection of pack-

on the respective application. As a rule, it is advisable to start with a specific and

aging quality for a large Chinese producer of instant noodles. This is achieved by

delimited application and then define the data required for it. Here the domain

a new quality inspection system, which could be implemented without modifying

knowledge, i.e. the expertise of the machine builder, is crucial. Beckhoff supplies

the existing main control system due to the open Beckhoff solution, and which

the necessary technology for the acquisition of high-quality data, i.e. complete,

reliably detects defective products in good time. Another example is the produc-

structured, machine-readable and contextualized data, with products such as

tion quality determined in real time within a bolt anchor production line, in which

Database Server, Analytics Logger or TwinCAT Scope.

a globally operating company specializing in fastening technology determines
the enclosure quality of the metallic sleeve belonging to the bolt anchor from

If training data is available, it must be read into an external ML framework

existing machine data. Thus, 100% inline quality control could be implemented

and processed. From the user's point of view, there is a wealth of suitable ML
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2 ML Training

1 ML Data Collection

PyTorch
MXNet
MATLAB®
Scikit Learn
TensorFlow

3 ML Runtime

ML workflow from data acquisition to training and
integration of the trained model into the TwinCAT Runtime

frameworks available. Many of them are based on Python and are open source

–– ML models are becoming increasingly complex.

software, others are commercially available, such as MATLAB® and SAS. Numer-

–– The execution speed should increase.

ous standard functions and toolboxes or libraries serve as an interface to the

–– ML models are expected to be more flexible.

data in order to access the stored machine data. Working with the ML framework
includes data preparation and selection, modeling of a suitable ML algorithm

TwinCAT Machine Learning Server is a standard TwinCAT PLC library and a

and its evaluation. The result of this engineering step is a trained ML model that

so-called near-real-time inference engine, i.e. in contrast to the two previous

represents the relationship between input and target data. The interface for de-

engines, it is not executed in hard real time but in a separate process. In that

ploying the trained ML model in TwinCAT 3 is just as open as the interface to the

way, all AI models can be executed in principle by the server engine, and this

data. Here, the Open Neural Network Exchange (ONNX) file format is supported

with full ONNX support. Furthermore, there are AI-optimized hardware options

as an industry standard.

for this TwinCAT product available that enable scalable performance. And in
addition to the efficient use of CPUs, access to iGPUs of Intel® processors

Real-time capability through CPU-based inference

and dGPUs, e.g. from NVIDIA, is also possible. Thus, all above-mentioned

With the deployment, the inference machine on the TwinCAT target configures

requirements regarding performance and complexity as well as flexibility of the

itself in such a way that exactly those computational operations described in the

ML models are addressed. With this rich set of features, the TwinCAT Machine

ONNX file for inference of the ML model are efficiently executed on the CPU of

Learning Server is ideally suited for use as an interface between automation and

the Industrial PC. Accordingly, this module is a real-time capable inference engine

the data science sector.

that integrates seamlessly into TwinCAT and supports all established ways of
programming in TwinCAT: calling the module from the PLC or from C++, as well
as directly via a cyclic task.
Core features of the inference engine are direct, synchronous access to all
control data as well as to all fieldbus nodes. In addition, users benefit from
scalable performance across the performance level of the CPU and a function
for non-blocking parallelization for calling the module from different task
contexts.

Dr. Fabian Bause,
Product Manager
TwinCAT

Server engine for increasing ML requirements
At the SPS 2021 trade show, Beckhoff will present TwinCAT Machine Learning
Server (TF38xx) – a further inference engine. With this addition, TwinCAT Machine Learning also meets the increasingly stringent requirements for ML for
industrial applications:

More information:
www.beckhoff.com/machine-learning

