EtherCAT® Master on Sitara™ Processors

EtherCAT® Master on Sitara™ Processors Training Series [Part 2]
Acontis and CoDeSys EtherCAT Master Software Architectures
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Presentation Notes
Hello, everybody. Welcome to EtherCAT master on Sitara Porcessors training Series Part2.  

This video covers  the essential understanding of two commercial EtherCAT master (acontis EC-Master and CoDeSys 3S), and how these masters works on top of TI’s Sitara HW and SW framework. 

First, we will discuss Acontis EC-Master, we will show EC-Master SW Architecture and how acontis software pieces and stack are tailored on top of our Linux and RTOS PSDK. Then we will show CoDeSys SW Architecture, explain in a high level CoDeSys modules and EtherCAT stack, and show how 3S EtherCAT sits on top of our LPSDK and Sitara HW




 





o :
Training series agenda

Part 1:

e Overview of Training Series

e Sitara processors family in factory automation

e EtherCAT protocol technology review

Part 2:

e Acontis EtherCAT master software architecture on top of TI-RTOS and RT Linux
e CoDeSys EtherCAT master software architecture on top of RT Linux

Part 3:

e EtherCAT master + time-triggered send (TTS)

e EtherCAT master on Sitara: A scalable and flexible solution
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Presentation Notes
This training will present a TI’s ready-to-use EtherCAT masters solutions for Sitara processors. EtherCAT master on Sitara  runs on different operating systems, such as TI-RTOS and RT Linux, and runs in any  of the devices EMACs interfaces (which are CPSW and PRU ICSS_EMAC). 

The training series is divided in three sections.
 
Part 1 (this video) gives an overview of what will be covered in the training, how Sitara family fits in the different factory automation levels, and an introduction to the EtherCAT technology.

Part 2 covers  the essential understanding of two commercial EtherCAT master (acontis EC-Master and CoDeSys 3S), and how these masters works on top of TI’s Sitara HW and SW framework. 

In Part 3 we will briefly explain PRU-ICSS Time Triggered Send (or TTS) and how TTS can be used along with EtherCAT master for some application which require precision time. Also, in Part 3, of these series, we will re-cap why Sitara is a scalable and flexible solution for EhterCAT master. 





Acontis EtherCAT Master Software Architecture
on TI-RTOS and RT Linux
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acontis

tegp, nologies

Acontis EC-Master features

e EtherCAT master (EC-Master) Class A and Class B available

e Integrated diagnostics capabilities

e Optimized link layers for real-time systems

e Different OS are supported, among them TI-RTOS and Linux.

e Acontis offers EC-Engineer as a configuration and diagnostics tool, which can be used
online or offline.
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Acontis EtherCAT master (EC-Master) Class A and Class B are available. 
EC-Master has Integrated diagnostics capabilities and optimized link layers for real-time systems.
Different OS are supported, among them TI-RTOS and Linux.
Additionally, acontis offers EC-Engineer as a configuration and diagnostics tool, which can be used online or offline.
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EC-Master stack has the following modules.
EtherCAT Master Core, which has the main EtherCAT master functionality. Also, here is done all protocol handling, e.g. process data transfer, and mailbox protocols (CoE, EoE, FoE, SoE).

- In the configuration Layer EtherCAT master is configured using a XML file, which provides the EtherCAT Network Configuration (ENI file). 

- EtherCAT Link Layer exchanges Ethernet frames between the master and the slave devices. This layer has been optimized for real-time performance and CPU load reduction. Zero-copy, and/or polling techniques are used as part of the optimization.  

- At the Operating System Layer, all OS dependent system calls are encapsulated in a small OS layer. Most functions are uncomplicated, so they can be implemented using simple C macros.  

- Today, we have available in TI.com, two TI designs implementations for EC-Master. One running on AM335x and the other running on AM57x.

- The TI design Example for AM57x shows and implementation of EtherCAT master on both the Gb switch (CPSW) and the PRU-ICSS Ethernet ports.

- A highly portable Acontis stack combined with high-performance Sitara AM57x CPU. provides a flexible EtherCAT master solution

- This reference design is tested on the AM5728 IDK board and includes documentation, software, demo application, and HW design files



EtherCAT Masters Tl Designs

EtherCAT Master Reference Design on Sitara AM57x Gb
Ethernet and PRU-ICSS with TTS:
http://www.ti.com/tool/tidep0079

Acontis EtherCAT Master Stack Reference Design:
http://www.ti.com/tool/tidep0043
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http://www.ti.com/tool/tidep0079
http://www.ti.com/tool/tidep0043

Tl Design:
TIDEPO079

{i} TExAS INSTRUMENTS Everything v | Search

Products  Applications & designs ~ Tools & software  Support & training  Order Now  About Tl

Recommendations from Tl.com: Reference designs selected for you {8} Products of interest for you

4D My History

@ Top technical documents for you

¥ Worldwide (In English)

EtherCAT® Master Reference Design on Sitara AM57x Gb Ethernet and PRU- TIDésigns

ICSS with Time Triggered Send

(ACTIVE) TIDEP00O79

@ Description & Features @ Technical Documents

0 View the Important Notice for Tl Designs covering authorized use, intellectual property
matters and disclaimers.

Key Document

a - TIDEPO079 Design Guide (Rev. B) (PDF 2490 KB)
26 Oct 2016 1,980 views

View All Technical Documents (6)

Description

The TIDEPOQ79 reference design demonstrates an EtherCAT® master interface running on the
Sitara™ AM572x processor using the EC-Master stack from acontis. This EtherCAT master
solution can be used for EtherCAT-based PLC or motion control applications. EtherCAT master is
profiled on both the Ethernet switch and the PRU-ICSS Ethernet ports of the AM572x processor
to give designers flexibility to use any of the two switch ports or four PRU-ICSS Ethernet ports on
the device. The EtherCAT master implementation can achieve less than 100us cycle times for
both the switch and the PRU-ICSS Ethernet ports. Time-triggered send (TTS) can be enabled on
the PRU-ICSS to reduce jitter, achieve shorter cycle times, and reduce latency in cases where
distributed clocking is not used.

E Support & Training

'!—f Order Now

TIDEP0O79 EtherCAT® Master Reference Design on Sitara AM57x Gb
Ethernet and PRU-ICSS with Time Triggered Send Board Image

View available purchase options for designs kits, evaluation modules and/or the bill

of materials.

$899.00(USD)
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Acontis EtherCAT Master Stack Reference Design TIDéSigns

(ACTIVE) TIDEP0043

a Description & Features @ Technical Documents a Support & Training Order Now

0 view the Important Notice for Tl Designs covering authorized use, intellectual property
matters and disclaimers.
Key Document

a - EtherCAT Master Stack for Tl Sitara CPU Family Design Guide (Rev. A) (PDF 198 KB)
19 Jul 2016 2,096 views

View All Technical Documents (4)

Description
TIDEPO043 Acontis EtherCAT Master Stack Reference Design Board Image
The acontis EC-Master EtherCAT Master stack is a highly portable software stack that can be
used on various embedded platforms. The EC-Master supports the high performance Tl Sitara
MPUs, it provides a sophisticated EtherCAT Master solution which customers can use to
implement EtherCAT communication interface boards, EtherCAT based PLC or motion control 0 Fully assembled board (shown above) developed for testing and
applications. The EC-Master architectural design does not require additional tasks to be performance validation only, not available for sale.
scheduled, thus the full stack functionality is available even on an OS less platform such as Tl
Starterware suported on AM335x. Due to this architecture combined with the high speed
Ethernet driver it is possible to implement EtherCAT master based applications on the Sitara
platform with short cycle times of 100 microseconds or even below.
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Acontis EC-Master software block diagrams R
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NOTE: EC-Master can run on PRU-ICSS Ethernet ports or GMAC ports when using AM57x IDK boards.
On AM335x, AM437x boards, EC-Master runs on CPSW ports.
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As shown in this picture, the main difference between our EC-Master GMAC (CPSW) implementation, and the implementation using PRU-ICSS is that the latest one uses EMAC PRU firmware. 

PRU-ICSS EMAC has the option to enable Time Triggered Send (or TTS). We will explain what is TTS and its potential advantages  later in this presentation.

Acontis EC-Master is ready to be downloaded and used for all our Sitara platforms (AM335x, AM437x and AM57x). And, for both OS (Linux and TI-RTOS). Users just need to download our Processor SDK. or Industrial SDK from TI.com, and download EC-Master from acontis webpage. Links to these websites will be provided at the end of this presentation.

Soon, for all TI Sitara platforms and for both OS (Linux, and TI-RTOS), EC-Master would be under the umbrella of TI’s processor SDK, making it easier for our customers to migrate their Masters from one platform to another. 



EtherCAT Master: Bus timing diagram (CPU load)
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In order to calculate CPU load, EC-Master measure time used for different processes. 
EC-master measure the time for reading input datagram (shown in the picture in green); 
plus time used on writing cyclic packet to output queue (shown in yellow in the diagram); 
Also, it takes account the time used doing some administration tasks (in red);
and, finally, time used on writing acyclic packets (which is shown in blue).




Acontis EC-Master: CPU load benchmark

Table 1. AM572x EC-Master CPU Performance Operating on GMAC

é&%

Sitara AM572x

1000 MHz
NIC: GMAC
TI-RTOS (SYS/BIOS)
NUMBER EC-MASTER JOB AVERAGE ps

1 I: Process Inputs 9
2 0O: Send Qutputs 5
4 M: Send Acyclic Frame 2
Total CPU Time 20

Table 2. AM572x EC-Master CPU Performance Operating on ICSS_PRU

Sitara AM572x

1000 MHz
NIC: ICSS_PRU
TI-RTOS (SYS/BIOS)
NUMBER EC-MASTER JOB AVERAGE ps
1 I: Process Inputs 3
2 0O: Send Qutputs 15
4 M: Send Acyclic Frame 2
Total CPU Time 25

Tl design link: http://www.ti.com/lit/ug/tidubz1b/tidubz1b.pdf
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Benchmark for CPU load, is calculated as described in the previous slide. Results show an average cycle CPU consumption of 20us for CPSW interface, and 25us on ICSS-PRU port. For more details on benchmark setup, and conditions please visit our reference TI design document.



CoDeSys EtherCAT Master Software Architecture on RT Linux
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CoDeSys development system v

CODESYS
CoDeSys development system:

e A powerful IEC 61131-3 programming tool for programmable logic controllers
e Produces native machine code for different processors

Runtime features:

e CoDeSys runtime system architecture is based on components.

e Each component has a well-defined interface.

e Users can ‘pick’ the right modules for their application.
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CoDeSys is a powerful IEC 61131-3 programming tools for controllers. It supports all five programming languages of the standard.  

CoDeSys produces native machine code for different processors. Native machine code is inherently faster, and more reliable.

- CoDeSys runtime system architecture is based on components (or modules)
Each component has a well defined interface
And users can select modules according with their needs and platform



CoDeSys runtime modules
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- As mentioned before, CoDeSys runtime system architecture is based on components
- Because a component has a specified interface, it can be replaced by another component that implements the same interface.
- Also, a component can access other components via interfaces.
- Due to this component model, runtime can be very small, or with all the features 

- Some of the components are: 
- Component manager: This is the central component which loads and init the rest of the components.
- System components: have the HW and OS abstraction layer. 
Via this system interface all other components can be written absolutely portable and independent of processor, and operating system internals.
- The Communication stack module communicates to clients (CODESYS, HMI, etc.), or to other runtime systems. Routing mechanism is additionally provided by the communication stack. 
-  In the application management module execution, debugging and monitoring of the IEC application(s) is done 



®
CoDeSys EtherCAT Master v

CODESYS

e EtherCAT Master protocol stack realized as CoDeSys library:
— Compiled together with the application
— Portable for different compatible platforms

e Support of multiple EtherCAT gateway clamps:
— Integrated gateway functionality
— Possible multiple fieldbuses

e Integrated diagnostics: Generic and EtherCAT-specific
e Integrated safety up to SIL3 with EtherCAT Safety Module
e Operating system for Sitara: RT Linux

e Tl design coming soon
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EtherCAT master configurator, protocol stack, and diagnostics is fully integrated in the IEC 61131-3 CoDeSys development system.

EtherCAT Master protocol stack is done as a CoDeSys library. CoDeSys EtherCAT master is compiled together with the application, and it is portable for different compatible platforms. 

It also has support of multiple EtherCAT gateway clamps, which allows  to extend the Fieldbus to other protocols (such as Profinet, CanOpen, etc)  

It has Integrated a generic and an EtherCAT specific diagnostics.

Safety SIL3 can be integrated with an EtherCAT Safety clamp. This make possible to have safety applications under the control of a standard PLC. 

The Operating System for running CoDeSys on Sitara is RT-Linux

- We will have a TI design coming soon: 
TI design will run on AM57x CPSW. On top of our RT-Linux Processor SDK.
This design will integrate CoDeSys EtherCAT master for use in master PLC or motion control applications







EtherCAT Master Lib

.ﬂ Library Manager X

CoDeSys EtherCAT Master library y

CODESYS
EtherCAT Master with other fieldbuses

%2 Add library X D y | Properties 73 Details | 5] Placeholders | (i Library repository ) )
= L_ﬁ EtherCAT_Master_SoftMotion (EtherCAT Master SoftMotion)
Name i Namespace Effective version J
+@ Standard = Standard, 3.5.7.0 (System) Standard 3570 = [ Ex1100 (EK1100 EtherCAT Coupler (24 E-Bus))
@ B tLogging = B o 5.5.0 (35 - Smart Soft uti... BPLog 3.5.5.0 + L_[‘] EL2521_0024 (EL2521 1Ch. Pulse Train Cutput (SoftMotion))
subialogs, 3.5.7.0 (S VisuDialogs 22dd (7] EL2008 (EL2008 BCh. Dig. Output 24V, 0.54)
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3.5.7.2 [l EL6631 (EL6631 PROFINET IO Controller)
ciw i = L-ﬂ EL6631_Profinet_Gateway (EL6631 Profinet Gateway)

] =¥l s20_PN_BK (520-PN-EK)

=[] EL6751_CANMiniDriver_1 (FL6751 CAN MiniDriver (32 Messages)
= 'L CAMbus
= Ijj CANopen_Manager (CANopen_Manager)
= IB BL20_E_GW_CO (BL20-E-GW-CO)
ﬂj Generic_BL20_2DI (Generic BL20-2DI)

j Generic BL20 2DO lGeneric BLZO*ZDOE

=[] EL&631_0010 (FLE631-0010 PROFINET 10 Device)
) EL6631_0010_1 (ELE631-0010)
=[] EL6731 (FL6731 PROFIBUS DP Master)
= [{J EL6731_PB_Master (EL6731-B Master)
=) 1._PB_BK_DI8_DO4_EF (IL PB BK DIS DO4/EF)
= | 5D6 (3D6_CBM_SoftMotion)
©@P 7_Asxis (SM_Drive_ETC_STOEBER_SDE)
= ﬂ‘] AX2000_B110 (AX2000-B110 EtherCAT Drive (CoE) SoftMotion ind. Encoder)
£8P M2 (SM_Drive_EtherCAT_BeckhoffAX2xxx)
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CoDeSys configuration environment makes easy to add EtherCAT master to a control device. Also, adding other fieldbuses or gateway functionalities are integrated as part of the configuration environment.





CoDeSys system block diagram
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As mentioned before, coming soon, we will have a TI design in TI.com, which will show CoDeSys runtime on top of TI’s Linux Processor SDK.

This TI design will also includes other CoDeSys libraries required for an Out-Of-Box experience. This TI design will run EtherCAT master application on  AM572x IDK board. CoDeSys application and EtherCAT master will run on ARM Cortex A15 and bus communication will be via CPSW.

Development of CoDeSys on top of TI’s Linux SDK for other Sitara platforms is in the roadmap. However,  there is already a CoDeSys runtime for AM335x on the 3S e-store. It is directly integrated into the 3S IDE. As a note, this current runtime for AM335x is based on Debian Linux, and not on the latest TI’s SDK which uses Yocto. 



For more information

Sitara Processors Overview http://www.ti.com/sitara

EtherCAT Masters Tl Designs:
— Acontis EtherCAT Master Stack Reference Design: http://www.ti.com/tool/tidep0043
—  EtherCAT Master Reference Design on Sitara AM57x Gb Ethernet and PRU-ICSS with TTS: http://www.ti.com/tool/tidep0079

Online training:
—  Sitara AM57x Processors: https://training.ti.com/am57x-sitara-processors-training-series
—  Sitara AM437x Processors: https://training.ti.com/am437x

CoDeSys EtherCAT Master: https://www.codesys.com/products/codesys-fieldbus/industrial-ethernet/ethercat.html

Acontis EtherCAT Master for Tl processors: http://www.acontis.com/eng/products/downloads/ethercat-for-ti-
processors.html

Other industrial protocols: http://www.ti.com/tool/PRU-ICSS-INDUSTRIAL-SW

For questions about this training, refer to the E2E Sitara Processors Forums:
https://e2e.ti.com/support/arm/sitara_arm/f/791
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