CANopen FD provides new CANopen features to meet future requirements in
embedded networking, makes use of the higher data throughput provided of
CAN FD, and keeps well-known features of the classic CANopen.

T

he purely event-driven CAN
network had been developed
with special regard to automotive applications. But it was not
limited to this application field.
Today CAN interconnects sensors
and actuators to the host controller in many application fields.
Due to the increasing requirement of data exchange, e.g.
derived by connecting applications to the Internet, CAN-based
networks have in some applications already reached their limits with regard to data throughput.
To overcome these bandwidth limitations of CAN, Bosch has introduced in 2013, the new CAN FD
protocol on occasion of the 13th
international CAN Conference.
Since these days CAN FD has
been internationally standardized and considered by many carmakers. Therefore there is a high probability that
CAN FD controllers will be available for reasonable prices
from most of the semiconductor manufacturers, such as
today for Classical CAN. For this reason several CANbased higher layer protocols have already been adapted
to CAN FD to make use of the advantages of CAN FD in
the related application fields. Also the widespread used
CANopen application layer and communication profile has
been adapted. End of September 2017, CAN in Automation
has released CANopen FD, in the document CiA 1301 Version 1.0. CANopen FD provides new CANopen features to
meet future requirements in embedded networking, makes
use of the higher data throughput provided of CAN FD, and
keeps well-known features of the classic CANopen.

CAN with Flexible Data rate
In March 2012, employees of Robert Bosch presented the
improved CAN FD protocol, which had been developed
based on the request of the automotive industry. As illustrated in Figure 1, CAN FD data frames are able to carry up
to 64 Byte of payload. This is an eight times enlarged data
field, compared to the Classical CAN that is used today.
Furthermore, such enlarged data fields are transmitted
with an accelerated bit rate.
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CANopen FD – more than just higher bandwidth

One requirement of the automotive industry had been,
to keep CAN FD as reliable as today's Classical CAN.
Therefore in CAN FD, the mechanisms used for the data
integrity check were improved. A 17-bit CRC for data fields
up to 16 byte as well as a 21 Bit CRC for data fields up to
64 byte ensure a very small residual error probability. In
order to offer the benefits of CAN FD to their users, CANbased higher layer protocols need to be adapted. Among
others, the standardized and in many projects installed
CANopen protocol was updated, as well. As a result, by
end of September 2017, CAN in Automation has published
the CAN FD-based successor of CANopen, CANopen FD
in the document CiA 1301 Version 1.0.
When updating CANopen with regard to CAN FD,
the responsible working group SIG application layer did
not just lengthen the payload of the existing CANopen
services but introduced new CAN FD-based, powerful
means, for embedded networking. In addition, the working
group did always try to keep the modifications of CANopen
as small as possible. As a consequence, apart from minor
clarifications, the differences between CANopen and
CANopen FD are limited to modifications of CiA services
that are limited in their efficiency by the Classical CAN data
field. In particular these are the data transport-oriented
services SDO and PDO as well as the Emcy write service.
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Figure 1: CAN FD data frame control field (Photo: CiA)
Therefore todays CANopen users have just to learn the
possibilities, provided by the updated services and can
save already existing CANopen know-how. This should
ease the migration from CANopen to CANopen FD.
The process data object (PDO) was the service
that could be adapted to CAN FD in the simplest way.
Classic CANopen determines one PDO by means of two
parameter sets, the communication, and the mapping
parameters. The communication parameters, specifying
the CAN-ID, triggering event, and busload management for
this service, do not need any adaptation, as CANopen FD
determines in general that all services are transferred in
the CAN FD frame format. The PDO mapping parameters
determine the data content that is transferred within the
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PDO, as reference to the local object dictionary. Already
in classic CANopen, up to 64 data elements are mappable
to a single PDO. Considering a minimum granularity of
mapped data elements of 1 byte, no modifications are
required. Implementations have only to shift the limit
of data bytes mappable to a single PDO, from 8 byte to
64 byte.
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CAN Newsletter Online: CANopen FD
The CAN Newsletter Online reports brieﬂy about products and
services.
CiA 1301 speciﬁcation

CANopen FD released
CAN in Automation has released the
version 1.0 of the CANopen FD application
layer and communication proﬁle. CANopen FD is based on the
CAN FD data link layer.
Read on
Interview

The future of CANopen FD
Uwe Koppe (CiA Technical Director),
Christian Schlegel (CiA Business Director),
and Reiner Zitzmann (CEO of CiA) answered questions about the
next steps in CAN technology.
Read on
Embedded World 2017

CANopen FD protocol stacks
Microcontrol offers a new generation of
its CAN protocol stacks. Migration from
CANopen Classic to CANopen FD is possible at any time by
exchanging one single component.
Read on
General assembly 2017

Electing CiA’s board of
directors
At CAN in Automation’s (CiA) annual
general assembly, the associations’ members elected the board
of directors.
Read on

its inherent routing capability, the USDO can become the
most relevant CANopen FD communication object. E.g.
gateway implementations adding an embedded CANopen
network to the “Internet of Things”, are enabled to provide
any data element in the embedded network architecture to
the cloud.
In order to allow more sophisticated diagnostics, the
Emcy write service was adapted, as well. In addition to the
error information of the classic CANopen, the CANopen
FD Emcy write service provides further information on the
occurred error event as well as a time stamp. Furthermore
these error events can now be recorded in a more comprehensive, standardized error history.
CANopen FD will not just provide a higher data
throughput to CAN-based embedded control systems.
Especially the highly flexible USDO will serve as multifunction knife for embedded networking. It is able to meet
the requirements, derived from more and more embedded
networks that are either modifiable by the end user and/
or connected to the Internet. In both use cases, the capability of establishing dynamically communication channels during system runtime is required and can be met by
the USDO. The lengthened PDOs serve the demand for
more data e.g. for generating the database for condition
monitoring or predictive maintenance applications, or
allow the support of sophisticated security features.
CANopen FD provides these new features together with
the option of reusing existing CANopen knowledge and
CAN topologies.

16th international CAN Conference

The future is bright, but some
things are still to do
The two-day conference took place
in Nuremberg, the hometown of the nonproﬁt CiA (CAN in
Automation) association. About 100 engineers attended this
event.
Read on

A modification of the SDO service, which is intended
for configuration and diagnoses, was much more complex.
A simple enhancement of the SDO was just not possible.
A solution, difficult to implement, but keeping all the
limitations of todays SDOs, was rejected by the group. As a
result, the SIG application layer decided to introduce a new
service, the Universal Service Data Object (USDO). The
new USDO allows establishing dynamical communication
channels between one USDO client and one (unicast),
several (multicast), or all (broadcast) available USDO
server(s). The USDO enables accessing all data elements
and reading or writing any amount of data, in a segmented
way. This feature could be very advantages and time
saving, in case of configuring several devices of the same
type in the very same way, e.g. in case of firmware update
in end-of-line production.
The USDO is simple to implement and the service is simply extendable. One of the next extensions of
the USDO will be the adaptation of the logical addressing, as specified for classic CANopen in CiA 309. Due to
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