Device design

Flexible and scalable CAN solutions
CAN controllers need to evolve to fit into Industry 4.0. With Xmos CAN controllers,
designers can create a system-on-chip to meet their precise requirements,
including multiple CAN controllers and Ethernet connectivity.

T

he CAN protocol has been around for over 20 years, and
is still very popular in automotive and industrial applications. Several hundred million CAN nodes are sold each year
mainly as single or dual-channel interfaces. CAN controllers
are available as stand-alone CAN chips or are integrated into
micro-controllers. But the recent trend in industrial applications towards Industry 4.0 means there is a need for CAN to
be used in more complex systems. Conventional CAN controllers cannot meet the new demands that have come with
advancements in technology. Existing CAN solutions are not
scalable and do not allow system designers to expand the
CAN channels or interface with other protocols like Ethernet,
USB, or Industrial Ethernet. This article presents a flexible,
scalable, and adaptable CAN solution that meets the requirements of Industry 4.0 systems.
The CAN protocol was designed originally for the
automotive industry and is now used widely in industrial
automation due to its robust nature, low cost, flexibility, and

CAN controllers need to evolve to fit into Industry
4.0. One option is to design a custom chip, or to
use an FPGA, but both are costly and not necessarily
scalable. Xmos multicore micro-controllers provide
a different solution, allowing designers to build their
systems using a single off-the-shelf device that is easy
to configure, flexible, and scaleable. Developers can
use Xmos to build systems that fit precise configuration
requirements, including single PLCs connected to multiple
CAN nodes, single CAN nodes connected directly to
Ethernet, or a series of CAN nodes concatenated together
and linked to Ethernet.
The Xmos CAN controller is a software-based solution
implemented using xCore multicore micro-controllers. The
implementation exploits key features of the architecture
of these multicore micro-controllers such as configurable
I/Os, determinism and concurrent processing, as well as
high performance scalability.

will bring significant changes across the manufacturing and
industrial sectors. The vision of Industry 4.0 is to realize

xCore architecture

sensors, actuators, PLCs, and various embedded devices
to the Internet in a safe way so that they can be monitored
and managed in the Cloud. As the Industry 4.0 movement
continues to grow, existing CAN systems need to be integrated
into this new infrastructure. This presents many opportunities,
but it also brings challenges in order to implement it. When
the original CAN controllers were designed, people were not
aware of these latest requirements and challenge: connecting
CAN nodes to the Internet, scaling CAN-based systems
across multiple sites, or managing distributed systems.

Figure 1: Multi-port CAN hub from Xmos (Photo: Xmos)
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xCore is a new class of micro-controllers that has
multiple 32-bit processor cores, flexible I/Os, and a
timing deterministic architecture that makes it very
easy to use. Unlike conventional micro-controllers,
xCore devices can run multiple real-time tasks
simultaneously, allowing engineers to create complicated
CAN-based systems.

tiles. The software running on the micro-controllers
is completely timing deter-ministic.
Determinism is rooted
in some of the fundamental
architecture features like singlecycle instruction execution,
interrupt-less executions, efficient I/O logic, and an RTOSlike hardware scheduler. The
architecture has an integrated
set of I/O ports controlled
directly from the logical cores.
The low latency ports are well
suited for the realization of real
time complex protocols such as
CAN. They allow easy buffering
of values on ports, which is
critical in implementing CAN on
the xCore architecture.
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CAN on xCore
The software-defined CAN controller uses two
1-bit hardware-response ports that are configurable at compile time. A single logical core is
all that is required to implement one CAN interface.
The CAN controller is ISO 16845 compliant and is
delivered as a software library that engineers can program
onto an Xmos multicore micro-controller.
Users can create their own CAN system on a single
chip by specifying the number of required CAN interfaces
and also the bit-rate of each interface. Users can create up
to 12 CAN interfaces on a single XS1 device. The flexibility in
the software implementation allows users also to create CAN
protocol bridging with Ethernet, USB, and other protocols.
In addition, designers can create a heterogeneous
system on the different processor tiles. For example,
designers can create a CAN hub on one tile, which collects
data from multiple CAN interfaces and a CAN-to-Ethernet
gateway on the other tile. The CAN hub collects the data from
the different CAN interfaces running at the same or different
bit-rates and passes it through an integrated hardware switch
to the CAN-to-Ethernet gateway application on the other
tile, which then passes the collected data through Ethernet
to a remote node. Using xCore makes it possible to create
complex systems on a single chip.
The xTimecomposer development tools allow for
customization of the CAN library to add additional application
specific features. While a CAN node runs in one logical core,
other applications can run in other cores and communicate
with the CAN node using the API provided with the CAN
library. In addition to the CAN hub and protocol converters,
the CAN controller on the multicore micro-controllers can be
used to act as a CAN sniffer. The CAN sniffer only listens on
the CAN network without acknowledging the CAN packets.
Almost all existing CAN implementations use interrupts
to notify applications of incoming and outgoing CAN frames.
CAN applications have to handle these interrupts in realtime along with other tasks, which makes it challenging to
handle worst-case situations particularly in high complicated
systems. The software-based Xmos CAN solution uses
events and Fifos where the received messages are stored for
application tasks to consume instead of interrupts; hence it is
deterministic by design.
The CAN solution supports bit-rates from 31,25 kbit/s
to 1 Mbit/s. For a bit-rate of 1 Mbit/s, 100 MIPS (million
instructions per second) is required; for bit-rates of 500 kbit/s
or lower, 62,5 MIPS is required. The XS1 family of devices
that run the CAN solution are available with up to 1000 MIPS
compute, providing a range of single and dual tile devices
that can be used for CAN systems.

Figure 2: CAN-to-Ethernet hub from Xmos (Photo: Xmos)
ditional logical cores are available for data manager and application software.
Ethernet to CAN bridge: Xmos micro-controllers can be
used for bridging different protocols. For example: transmitting
data from multiple CAN devices over Ethernet. The dual-tile
XS1-L8-128 micro-controller provides up to 3 CAN ports at 1
Mbit/s, Ethernet MAC, and an MII interface. Two logical cores
are available for protocol bridging and customer applications.
More channels can be added if slower CAN interfaces are
required. This Ethernet to CAN bridge is suitable for Industry
4.0 CAN-based solutions. It is well suited for manufacturing
environments where data from multiple CAN interfaces has
to be accessed or controlled from a remote platform through
Ethernet. The Ethernet interface could equally be an Industrial
Ethernet standard such as Profinet RT or Ethernet/IP.

Summary
With the advancements in Industry 4.0, embedded devices must provide more functions to offer maximum customer
benefit. However, most CAN solutions are not sufficiently sophisticated when users try to expand their systems to multichannel solutions or build a CAN-based solution for Industry
4.0. With the conventional CAN controllers it is not possible to
build a single complex CAN-based system on a single chip.
Also, such solutions cannot be scaled easily to larger systems or combined with other industrial protocols.
With Xmos CAN controllers, designers can create a
system-on-chip to meet their precise requirements, including
multiple CAN controllers and Ethernet connectivity. They
can choose the number of CAN interfaces and the bit-rate of
each interface. The CAN solutions bridge the gap between
challenging requirements from Industry 4.0 and the limitations
in the conventional CAN controllers.

Application examples
Multi-port CAN hub: The dual-tile XS1-L16-128 micro-controller allows you to program the exact number of CAN interfaces and the bit-rate you need for your design. It is easy
to create a multi-port CAN hub on a single multicore microcontroller. The XS1-L16-128 micro-controller provides up to 8
CAN ports in total at 1 Mbit/s (4 per tile). In case of lower bitrates, 12 CAN ports are provided in total (6 per tile). The ad-
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