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Real-time Ethernet - an analysis of its potential

Introduction

At present, there is a series of real-time Ethernet approaches. From the view of achievable performance, the well-established systems can be divided into three categories (see slide 4). As part of the BMBF (German Federal Ministry of Education and Research) project "Real-Time Ethernet for Sensor/Actor Networks", the issue of which structural approach offers the greatest performance potential was examined, amongst other things. The main emphasis in this case was placed on category 3 systems since they offer cycle times in the sub-millisecond region, thanks to appropriate real-time extensions. With reference to the organisation of the frame transmission, two principles can be discerned: on the one hand there is a summation frame process in which one frame can supply several nodes with data at the same time. On the other hand, there is the approach of providing data with individual frames for each node.

Ethercat is one prominent representative of this summation frame approach, while PROFINET is a good example of the individual frame approach (see slide 5). Therefore, the performance analysis in the following will focus on these two systems.
Performance evaluation

The two most important factors influencing the performance analysis are the physical delay and the frame transfer time. Although the physical delay for present-day fieldbus systems have been negligible compared to the frame transfer time, this time component has quickly become the dominating factor for Ethernet based on the high bit rate (see Slide 6).

An analysis of various actual plants has shown that so-called crest structures, i.e. main lines with several branches, are particular suitable for optimum cabling (see Slide 9). Furthermore, modularization of plants often requires different update times for the involved field devices. For simple sensor/actuator networks within a machine, however, a plain line structure is usually better (see Slide 12). Two appropriate scenarios have been defined for these two use cases for fast realtime Ethernet. 

In the scenario for the crest structure, it was shown that PROFINET can react very flexibly to the requirements of plant structures based on the principle of individual frames. Since Ethercat frames always has to go through each node twice, the physical delay is extremely long compared to the direct addressing of frames with PROFINET. The absolute difference of the cycle times increases quadratically in relation to the number of nodes.

In the scenario for the simple sensor/actor networks with purely linear structure and 100Mbit/s, PROFINET has the advantage when it comes to larger data packets. There is room for optimisation with smaller data packets, which is usually the case with simple sensors/actors.

Compatible optimization

Due to the high potential of the structural approach used by PROFINET, solutions for compatible optimization approaches were sought as part of the project and together with the associated partners of the joint project in order to make PROFINET the fastest real-time Ethernet system - independently of the desired topology. It is important that the two time components - i.e. physical delay and frame transfer time - are hereby reduced. To do so, algorithms were found with which one could, on the one hand,  reduce the forwarding time of the nodes and the frame overhead. Both measures demonstrate their optimum effect when the so-called slipstream effect is used. The cycle time can be minimized if the frames are transmitted to the node that is physically last first and to the directly neighbouring node last. If this condition is fulfilled, i.e. that the sum of the forwarding delay of a node and the medium delay is smaller than the frame transmission time, then the slipstream effect comes into play.

If one were to increase the bit rate to 1Gbit/s, then PROFINET in its current form would clearly be superior to an Ethercat system even for simple sensor/actor networks (see slide 15).

The next steps

What do the next steps look like? At present, optimization approaches are being specified and tested. Proving compatibility with the current PROFINET specification is becoming of central importance. As part of the project, a prototype is being planned for the 2008 Hanover Fair - one that will present the superiority of PROFINET even with small data packets in the line.

Summary

The analysis shows that the approach of individual frame delivery on which PROFINET is based offers the greatest performance potential in real machine and plant structures. This approach is also used by standard Ethernet technology. One important reason for this is the circumstance that with high bit rates, the physical delay  and the nodes to be traversed plays the dominant role. This effect becomes even more noticeable if the bit rates are increased to Gbit. Through optimization approaches that can be seamlessly integrated into current PROFINET technology, the field of simple sensor/actor networks with a purely linear topology and its typically small data packets per node could become decisive for PROFINET. This makes PROFINET the fastest and most universal real-time Ethernet system, which at the same time offers openness for TCP/IP and IT communication.
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