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The road to deterministic Ethernet for industrial automation 

Ensuring a real-time, deterministic response is a must for next-level Smart 

Manufacturing and the Industrial Internet of Things (IIoT). While standard 

Ethernet cannot support this goal per se, different solutions have been 

developed to build suitable industrial communication networks.  

Thomas Burke, Global Strategic Advisor for CLPA, gives an overview of the 

history of deterministic Ethernet technologies and how TSN can be a 

gamechanger in industrial communications. 

First, there were protocols 

Over time, industrial Ethernet has replaced fieldbus networks due to its ability to offer 

a standardized physical layer combined with greater bandwidth. This allows multiple 

devices to be connected over one network while ensuring high-speed data 

transmission. However, standard Ethernet, as defined by IEEE 802.3 specifications, 

is intrinsically a non-deterministic technology, as it cannot prevent message collisions.  

While the limitations of standard Ethernet haven’t been an issue in the past, they can 

affect future factory operations, which demand increasingly powerful communications 

that can support real-time, time-critical transmission of control data.  Different solutions 

have been developed to make this network technology more deterministic, thus 

futureproof. For example, CC-Link IE open industrial Gigabit Ethernet was created to 

ensure deterministic communications by offering 1Gbit bandwidth.  

This large bandwidth can minimize non-time-critical traffic interference for real-time 

control data.  In addition, to guarantee a stable data transfer cycle for control data 

while creating room for other types of traffic, CC-Link IE actively assigns a portion of 

bandwidth for non-time-critical communications. Finally, CC-Link IE uses token 

passing for data transmission control. This results in increased communication 

throughput and provides deterministic data exchange as well as constant link cycle 

time by eliminating the possibility of data collision. 

Moving away from ‘disconnected’ industrial Ethernet protocols 

The different solutions to achieve determinism often consisted of custom, “proprietary” 

industrial Ethernet protocols aimed at addressing specific tasks or domains. Thus, 

their scalability was limited, as each was tailored for a specific application area. 

Furthermore, while many of them could be considered open, they would not be 

compatible with each other.  

To address these issues, some of the major developers of industrial Ethernet protocols 

have partnered to ensure interoperability between their solutions. For example, the 

CC-Link Partner Association (CLPA) and PROFIBUS & PROFINET International (PI) 

created a joint specification to allow for easy interoperability between CC-Link IE and 

PROFINET.  
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Recently, efforts have been made to build real-time determinism in standard Ethernet. 

More precisely, a set of IEEE 802.1 standards operating at Layer 2 of the OSI model 

(data link layer) is currently being developed. The result is a new technology, known 

as Time-Sensitive Networking (TSN), that helps industrial Ethernet to deliver 

deterministic communications and ensure a reliable delivery of data between 

endpoints. 

Standardizing determinism 

Key TSN standards that are currently available define time synchronization (IEEE 

802.1 AS) and time-aware shaping functions (IEEE 802.1 Qvb). By implementing 

these elements, TSN offers a way to send both time-critical and non-time critical traffic 

in real-time over a standard Ethernet infrastructure deterministically.  

The first function, time synchronization, sets up a “Time-Aware System” where all the 

real-time clocks in the nodes can be synchronized to an accuracy of 1μs or less. This 

makes the networks suitable for even the most demanding applications, such as 

motion control, where cycle times may be as short as a few microseconds.  

Time awareness relies on this accurate synchronization to effectively schedule 

network traffic and deliver real-time, deterministic responses. Time-aware shapers 

(TASs) check the priority of each message and assign a suitable priority queue. The 

transmission of data in each queue is executed during scheduled time windows, while 

the other queues are blocked from transmission. 

In this way, TASs ensure that cyclic messages are prioritized and protected against 

collisions and interference from non-time-critical traffic. Even more, communication 

cycle times are optimized, as different frames with similar priorities can be transmitted 

simultaneously. 

Real-time, deterministic response without losing additional functionalities  

TSN technology has huge potential, providing a robust and reliable infrastructure and 

supporting control-based applications from the embedded world to the Cloud, and is 

being developed rapidly to accommodate for higher level functions as well as network 

safety and security. It can already provide substantial benefits to manufacturers, 

supporting the creation of highly interconnected plants. Therefore, businesses that 

want to prepare their factories for the future of manufacturing and implement IIoT 

strategies should act now, combining TSN with high-performance Ethernet.  

A solution that offers precisely this is CC-Link IE TSN. It is an open industrial Gigabit 

Ethernet that incorporates TSN functionalities to ensure deterministic 

communications. In this way, it can handle all control needs, while also effectively 

transmitting time-critical and other types of traffic on the same network. Moreover, CC-

Link IE TSN can support high-performance motion control and safety applications.  
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By choosing this technology, businesses can continue to support – or even improve – 

existing applications while also creating a system that will address future needs. 

Ultimately, this solution will allow forward-looking companies to get into the future of 

manufacturing today, fast-tracking the gains of creating interconnected, IIoT-driven 

Smart Factories.  

- ENDS - 
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Image 1: Ensuring a real-time, deterministic response is a must for next-level Smart 

Manufacturing and the Industrial Internet of Things (IIoT).  
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About The CC-Link Partner Association (CLPA)  

The CLPA is an international organisation founded in 2000, now celebrating its 20th 

Anniversary. Over the last 20 years, the CLPA has been dedicated to the technical 

development and promotion of the CC-Link family of open automation networks. 

The CLPA's key technology is CC-Link IE TSN, the world's first open industrial 

Ethernet to combine gigabit bandwidth with Time Sensitive Networking (TSN), 

making it the leading solution for Industry 4.0 applications. Currently the CLPA has 

almost 3,800 member companies worldwide, and more than 2,000 compatible 

products available from over 340 manufacturers. Around 30 million devices using 

CLPA technology are in use worldwide. 

The image(s) distributed with this press release may only be used to accompany 

this copy, and are subject to copyright. Please contact DMA Europa if you wish to 

license the image for further use. 

 

Further Information: 

Website: am.cc-link.org/en  

LinkedIn: https://www.linkedin.com/company/clpa-americas 

Twitter: https://twitter.com/CC_LinkNews 

YouTube: https://www.youtube.com/c/cclinkpartnerassociation 

 

Editorial contact: DMA Europa Ltd. : Anne-Marie Howe 

Tel: +44 (0)1562 751436 Fax: +44 (0)1562 748315  

Web: www.dmaeuropa.com  

Email: anne-marie@dmaeuropa.com 

Address: Europa Building, Arthur Drive, Hoo Farm Industrial Estate, 

Kidderminster, Worcestershire, DY11 7RA, UK 

Reader contact: CC-Link Partner Association :  Thomas Burke 

Tel: (847) 478-2100 Fax:   

Web: am.cc-link.org/en/  

Email: Tom.Burke@cclinkamerica.org 

Address: 500 Corporate Woods Parkway, Vernon Hills, IL - 60061  

 

https://eu.cc-link.org/de
https://www.linkedin.com/company/clpa-americas
https://twitter.com/CC_LinkNews
https://www.youtube.com/c/cclinkpartnerassociation
http://www.dmaeuropa.com/
mailto:anne-marie@dmaeuropa.com
http://am.cc-link.org/en/
mailto:Tom.Burke@cclinkamerica.org

