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jointly developed CAN FD 
bridge module. It compris-
es two CAN FD ports and a 
classic CAN interface. This 
module is intended for eval-
uation purposes. It compris-
es one V850 micro-control-
ler with on-chip CAN mod-
ule by Renesas and two Al-
tera FPGAs implementing 

Links
www.bosch.com
www.can-cia.org
www.nxp.com

CAN FD protocol
The CAN FD protocol is 
backwards compatible 
to the CAN protocol 
internationally 
standardized in ISO 
11889-1. The improved 
protocol uses a second 
higher bit-rate starting 
in the control field 
and ending before the 
Acknowledgement 
field. The improved 
message format allows 
also longer data fields 
up to 64 byte. The CAN 
FD enhancements 
have been submitted 
to the International 
Standardization 
Organization (ISO).

Related articles
F. Hartwich: CAN with 
flexible data-rate; in CAN 
Newsletter, June 2012

Editor’s comment
“This issue of the CAN 
Newsletter contains 
some detailed articles 
about CAN FD 
implementations and 
technology information. 
Most of the articles 
are based on the 
presentations given 
at the CAN FD Tech 
Day in Detroit. In the 
CiA, three Task Forces 
have started to publish 
recommendations 
and application hints. 
Perhaps, we can report 
in the June issue about 
the first work results.”
Holger Zeltwanger

Officially introduced on 
the international CAN 

Conference (iCC) in March 
2012, the CAN FD protocol 
has been implemented by 
Bosch in an FPGA. During 
the CAN FD Tech Day in De-
troit (October 2012) several 
chipmakers presented their 
roadmaps for CAN FD prod-

First-hand information 
on CAN FD

ucts. This year, CiA will or-
ganize a similar event in Eu-
rope. On March 19, the sec-
ond CAN FD Tech Day will 
be held in Frankfurt (Ger-
many). The speakers will 
update their presentations 
given in Detroit. In addition, 
Bosch, Daimler, and NXP 
will make available their 

Full-house in Detroit: More than 100 participants listened to Marc Schreiner from Daimler’s 
Research and Development department explaining CAN bandwidth requirements in trucks

Wolfgang Wiewesiek, Manager Auto-
motive Networks at Fujitsu Semicon-
ductor Europe stated: “Fujitsu is sell-
ing large quantities of CAN nodes every 
year and monitors the trend of demand 
for higher bandwidth in the automotive 
network domain as well as in industri-
al applications closely. Fujitsu there-
fore welcomes the latest CAN protocol 
enhancement ‘CAN with flexible data 
rate’ as an excellent choice for the fu-
ture, prolonging the lifetime of this suc-
cessful network technology. Fujitsu will 

integrate the M_CAN IP from Bosch in 
its new micro-controller designs for au-
tomotive applications. In addition, prod-
ucts using the legacy CAN IP will – in 
case of new designs – be prepared for 
CAN FD tolerance, allowing a smooth 
migration option for existing network ar-
chitectures.
FPGA-based CAN FD solutions for key 
automotive customers are in develop-
ment and the first micro-controllers with 
embedded CAN FD protocol support 
will soon become available.”

Statement on CAN FD from a semiconductor manufacturer
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The CAN FD implementa-
tion will support data-fields 
up to 64 byte.

In Detroit, Kvaser 
showed on site its CAN FD 
implementation, a non-com-
mercial FPGA solution. Ad 
hoc, it was connected to the 
CAN FD demonstrator built 
by Bosch and the tool part-
ners Etas and Vector. And it 
was working in the demon-
strator. You saw that it was 
acknowledging the CAN FD 
frames and switched cor-
rectly to the higher bit-rate 
and vice versa.

General Motors and 
Daimler’s truck division ex-
plained in Detroit their re-
quirements for higher per-
forming CAN networks. 
They want to keep the ro-
bustness (physical layer) 
and the reliability (in par-
ticular, the Hamming dis-
tance of six provided by the 
classic CAN protocol) of the 
proven CAN communica-
tion. Daimler’s engineers 
already spent some effort 
in the research of the CAN 
FD communication quality. 
They simulated the signal 
integrity in   FD networks for 
bit-rate up to 2 Mbit/s. In a 
first estimation, the average 
bit-rate will approximately 
be doubled by an arbitration 
speed of 500 kbit/s and 2,5 
Mbit/s for the data phase 

the CAN FD protocol. “We 
expect that the chipmak-
ers will provide in Frank-
furt more detailed informa-
tion on their CAN FD prod-
ucts,” said Gisela Scheib 
from CiA organizing the up-
coming CAN FD Tech Day. 
“First CAN FD prototype im-
plementations will be shown 
some weeks before on the 
Embedded World trade 
show in Nuremberg.” CiA 
plans to exhibit a running 
CAN FD demonstrator sys-
tem on its booth.

Infineon will provide 
the improved CAN protocol 
with flexible data-rates in its 
micro-controllers. The chip-
maker intends to support 
bit-rates of up to 8 Mbit/s 
using linear bus topologies. 
The IFX transceiver chip 
series is already specified 
for transmission speeds up 
to 2 Mbit/s. Faster one will 
be developed. NXP has an-
nounced the SJA1145 SPI-
to-CAN FD chip, bridging 
micro-controllers to the im-
proved CAN network. The 
stand-alone bus-controller 
will be available in samples 
end of this year. Besides the 
CAN FD controller, it also 
comprises a CAN transceiv-
er with partial networking 
function compliant to ISO 
11898-6, which is validated 
for data-rates up to 2 Mbit/s. 

CiA establishes Task Forces dealing 
with CAN FD networking

The CAN in Automation (CiA) international users’ 
and manufacturers’ group is calling for CAN FD ex-
perts interested in developing recommendations and 
best practice solutions for the improved CAN proto-
col. The Task Force “System design” will focus on 
finding applicable migration paths from today’s “clas-
sic” CAN networks to CAN FD based networks. In 
addition, this Task Force may evaluate all new pro-
tocol features. The assigned tasks include solutions 
for mixing improved CAN and classic CAN nodes in 
one network. The Task Force “User interface and 
device design” should harmonize supported func-
tionalities for CAN FD capable CAN controllers as  
well as the CAN module’s CPU interface. In addition, 
this group may discuss the handling of the CAN con-
trollers memory resources with regard to long data 
frames. The Task Force “Physical layer design” is 
going to develop recommendations for topology, bit-
timing, etc. All Task Forces report to the CiA Interest 
Group “CAN FD”.

using only 8-byte data 
frames and 29-bit CAN-IDs 
(extended frame format). In 
truck applications the gain 
of average bit-rate is limited 
by used extended frame for-
mat, and arbitration speed 
of 800 kbit/s due to topolog-
ical constraints.

General Motors is in-
terested in CAN FD for the 
end-of-line programming of 
ECUs. The increasing size 
of programs requires more 
and more time. And time is 
money. Reducing the pro-
duction time, meaning the 
time to download software, 
saves a lot of money. The 
US carmaker will use in 
second step CAN FD also 
for the normal operation 
in the in-vehicle networks. 
There is some rumor that 
the other two big US car-
makers – Chrysler and Ford 
– are interested in CAN FD, 
but there is no official state-
ment available. Volkswa-
gen is according to Carsten 
Schanze in the evaluation 
process and has not taken 
any decision regarding CAN 
FD. Guenther Linn said that 
Audi is also evaluating the 
new protocol, especially 
the compatibility to the se-
lective wake-up transceiv-
ers as standardized in ISO 
11898-6. According to Tim 
Robertson from Nissan, the 
Japanese carmaker is also 
studying the improved CAN 
protocol. Thomas Lindner 
from BMW stated that the 
Bavarian company has not 
yet started to look in detail 
to CAN FD. Other carmak-
ers are not willing or able to 
make commitments on CAN 
FD. Some automobile sup-
pliers are ready to migrate 
to CAN FD communication, 
but also they have not made 
an official commitment. Ex-
cept Bosch, the inventor of 
the CAN improvements will 
support CAN FD in all of its 
powertrain ECUs.

No communication 
protocol without tools. From 
the beginning, the tool-
makers were involved in 
the pre-development of the 
CAN FD protocol. Etas and 
Vector made already their 
CAN tools ready to support  

CAN FD. Both companies 
presented prototypes in  
Detroit connected to the 
CAN FD demonstrator. The 
software suppliers for non-
automotive applications, 
especially the CANopen 
protocol stack providers are 
waiting for the first CAN FD 
micro-controllers. In some 
CAN FD information events 
organized and co-organized 
by CiA, several CiA mem-
bers (e.g. Etas, Ixxat, Port, 
Vector) presented the pos-
sibilities of CANopen appli-
cations using the improved 
CAN protocol. “Besides the 
European CAN FD Tech 
Day, CiA will schedule addi-
tional information events on 
request of interested par-
ties in other countries,” said 
Gisela Scheib.

Holger Zeltwanger                   
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PCAN-Repeater

Repeater for the galvanic
isolation of 2 CAN bus
segments, bus status dis-
play, switchable termination.

PCAN-Repeater

PCAN-Explorer 5

The universal tool for developing and monitoring CAN 
networks. 

  Extensive user interface improvements: File manage-
ment via projects, confi guration of all elements with the 
property editor, and window arrangement using tabs

  Simultaneous connections with multiple networks / 
CAN interfaces of the same hardware type 

  Confi gurable symbolic message representation
  Data logging with tracers and the 4-channel Line Writer
  VBScript interface for the creation of macros
  Functionality upgrades with add-ins (e.g. Plotter, J1939, 
CANdb Import, or Instruments Panel add-in)

  User interface language in English or German

PCAN-Diag 2

PCAN-Diag 2 is a handheld CAN bus diagnostics unit. The new 
model offers enhanced functionality:

  Clear CAN traffi c representation in lists, confi gurable 
symbolic representation of received messages

  Transmission of individual CAN frames or CAN frame lists 
  Built-in 2-channel oscilloscope for detailed analysis of 
the differential CAN signal or an optional external signal, 
triggering by CAN IDs or other events

  Bit rate detection, bus load and termination measurement
  Windows® software for easy device confi guration and 
transmit list defi nition, upload via USB connection

  Storage of diagnostic results (CSV, BMP) on an internal 
1 GB mass storage USB device

PCAN-Diag 2 is a handheld CAN bus diagnostics unit. The new 

PCAN-Diag 2

CAN bus 
diagnostics 

with trace function

PCAN-PC/104-Plus Quad

Four-channel CAN 
interface with galvanic 
isolation for PC/104-Plus 
systems.

PCAN-PCI/104-Express

CAN interface for PCI/104-
Express systems. Available
as 1-channel, 2-channel,
and opto-isolated version.

PCAN-PC/104-Plus Quad

PCAN-miniPCIe

CAN interface for PCI 
Express Mini slots. Single- 
or dual-channel versions 
with isolation available.

You can fi nd CAN to LAN 
or WLAN modules, the 
PEAK-gridARM evaluation 
board for the gridARM 
microcontroller, and the 
PCAN-Router in a DIN rail 
housing at PEAK-System 
in hall 1, booth 616.

New products at the 
embedded world 2013

PCAN-PCI Express

CAN interface for PCI
Express slots. 1, 2, and 
4-channel versions with 
galvanic isolation available.            

PCAN-RepeaterPCAN-PCI Express

PCAN-USB Pro

High-speed USB 2.0 
interface with galvanic 
isolation for connecting up 
to 2 CAN and 2 LIN busses.  

High-speed USB 2.0 

PCAN-USB Pro

PCAN-Router

Programmable CAN router 
with 2 CAN channels. 
Available with D-Sub or 
Phoenix connectors.

You can fi nd CAN to LAN 

PCAN-Router

PCAN-PCI/104-Express

LINUX device driver
  availableYou CAN get it...

Hardware & software for CAN bus applications…

www.peak-system.com
Otto-Roehm-Str. 69, 64293 Darmstadt, Germany
Phone: + 49 6151 8173-20  –  Fax: + 49 6151 8173-29  –  E-mail: info@peak-system.com



HMS has acquired Ixxat 

Just after the 25th anniversary of Ixxat (originally established as STZP technology transfer 
center), HMS has acquired the German company. The Swedish company is specialized 
in network and bus interface modules with some historical focus on Profibus and Profinet. 
Of course, the company offers since many years also conformance-tested DeviceNet and 
CANopen interface products. Ixxat has its routes in the CAN business, especially in PC-to-CAN 
interface units as well as in CAN-related protocol stacks and CAN tools. Both companies are 
CiA members. Ixxat participated and participates in many CiA internal groups. The companies 
expect some synergy effects, when combining their activities. In particular, the HMS’ worldwide 
sales channels could increase Ixxat’s business outside of Europe. On the other hand, HMS has  
access to the CAN and CANopen markets besides the already addressed industrial automation 
business. Together both companies will have 350 employees and a turnover of more than  
50 million €.

More information you find on www.can-newsletter.org
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First-hand information on CAN FD 3

This issue contains some detailed articles about CAN FD im-
plementations and technology information. Most of them are 
based on the presentations given at the CAN FD Tech Day in 
Detroit (October 2012). During the event, several companies 
presented their roadmaps for CAN FD products.
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www.wago.com

NEW! IP67 Protected CANopen® Coupler 
• Eight integrated digital inputs
• Extendable via system bus
• Maximum extension of 500 meters
• Expansion with up to 64 I/O modules
• High-performance, configurable I/O modules
• High diagnostic coverage
• Temperature range from -25 °C to +60 °C
• DS 301 communication profile 
• DS 402 I/O profile
• Also available as 767-2501 Programmable Coupler
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In the early days, automo-
biles were driven by pure 

horsepower. Optimizations 
by an intelligent information 
flow, e.g. to achieve an ef-
ficient combustion process, 
were not in focus. The ex-
change of information be-
tween different control sys-
tems and their sensors and 
actuators were realized by 
discrete interconnection, 
i.e. point-to-point wiring [1]. 
High currents were passed 
between ECUs (electronic 
control units) and the trans-
ferred information was com-
prised of 1-bit signals (on/
off) rather than dates.

Later, more and more 
electronic devices were im-
plemented into modern ve-
hicles in order to increase 
safety and comfort for the 
driver as well as to reduce 
fuel consumption and ex-
haust emissions. The elec-
tronic devices included en-
gine management systems, 
active suspension, anti-lock 
braking, gear control, light-
ning control, air condition-
ing, airbags and central 
locking. The requirement 
for information exchange 
has then grown to such an 

CAN – From its early days 
to CAN FD

Dr. Wilrid Dubitzky, Turgut Karacay

extent that a cable network 
with a length of up to sev-
eral miles and many con-
nectors was required. This 
led to growing problems 
concerning material cost, 
production time and com-
munication reliability. The 
revolutionary solution was 
the connection of the con-
trol systems via a serial bus 
system, the CAN network [1] 
invented by Robert Bosch in 
1983. With CAN, point-to-
point wiring was replaced 
by one serial bus connect-
ing all control systems. This 
was accomplished by add-
ing CAN-specific hardware 
to each control unit that pro-
vides the ”rules” or the pro-
tocol for transmitting and re-
ceiving information via the 
network.

The first vehicle us-
ing a CAN bus in series 
production was the Daim-
ler S-Class W140 in 1991 
[1]. In this first step to-
wards interconnection of 
electronic components via 
CAN, five CAN nodes were 
used to connect the en-
gine control unit, the anti-
lock braking and traction 
control system, the igni-

tion, the transmission con-
trol unit, and a diagnostic 
module. This interconnec-
tion allowed realizing differ-
ent functions with the aim to 
reduce emissions and fuel 
consumption, improve driv-
ing behavior during warm-
up, and optimize driving op-
eration by interaction with 
the transmission control. 
For example, the slipping of 
a drive wheel could be re-
duced by intervention in ig-
nition, fuel injection, and en-
gine control.

CAN as enabler for 
electronic architecture 
evolution
The complexity of auto-
motive software has in-
creased over time. This 
statement is underlined by 
different parameters shown 
in Figure 4 [2]. The num-
ber of systems in the vehi-
cle that communicate with 
each other via a bus has in-
creased over time. Between 
the years 1990 to 2000, the 
number of bus nodes grew 
from less than ten to great-
er than 40 systems. The ad-
dition and/or realization of 

Figure 1: The wiring topology of a Volkswagen Beetle (left) had discrete connections between controls and sen-
sors, and control and actuators (right). The information content passed to an actuator comprised 1 bit, switching 
the actuator states on or off.
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more complex functions in 
the engine control unit re-
quire more computing pow-
er. Approximately every ten 
years, the computing pow-
er of micro-controllers in 
automotive technology in-
creased tenfold. This is re-
lated to Moore’s Law, i.e. 
the doubling of the integra-
tion density on the semi-

conductor every 18 months. 
The lines of code for high-
end cars and the memo-
ry requirements increased 
by two orders of magnitude 
over a time frame of ten 
years. Along with the grow-
ing number of connections, 
the number of exchanged 
signals grew by four orders 
of magnitude.

The electronic archi-
tecture of today’s vehicles 
consists of more than 70 
ECUs, which communi-
cate via the CAN network. 
CAN played a significant 
role in the electrification of 
the system components. 
It facilitated the division of 
the electronic systems into 
manageable sub-systems,  

 
thus increasing develop-
ment efficiency.

The evolutionary de-
velopment of the vehicle 
architecture has shown 
that the complexity grows 
quicker than the number of 
functions [2]. This leads to 
a problem in that the inte-
gration of new functions is 
getting more expensive and 
therefore weakens the inno-
vation trend. Only through 
a significant revision of the 
vehicle’s electronic archi-
tecture and a leap in net-
work technology can reduce 
the complexity to a man-
ageable level. In the past, 
the means to decrease 
complexity had been the in-
troduction of CAN.

Quo vadis CAN
The increasing complexity  
of functions leads to  
higher data-rates, thus 
bringing CAN to its lim-
it (1 Mbit/s). Time-trig-
gered communication tech- 
nologies, such as those  
used with Flexray (10 Mbit/s),  
are complex in handling and 
require careful planning of 
the network. CAN FD (CAN 
with flexible data rate) pro-
vides an intermediate step 
between both. It provides a 
flexible but highly topology-
dependent data-rate of up 
to 8 Mbit/s. 

Figure 2: Modern topologies (on top) connect control systems, sensors, and 
actuatorsby a serial bus (bottom).

Figure 3: The Daimler S-Class W140 was the first vehicle using CAN with five  
connected nodes
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It is backward compatible 
with classic CAN and the 
migration effort is low:

 ◆ CAN wiring harnesses 
are available in the ve-
hicle.

 ◆ CAN and CAN FD nodes 
can be mixed within a 
network.

 ◆ CAN FD needs low pow-
er consumption.

CAN FD meets future band-
width requirements and 
builds a bridge towards Eth-
ernet. One question aris-
ing in this context is wheth-
er CAN FD can co-exist 
with future network tech-
nologies such as Ethernet. 
Both technologies might 
co-exist in parallel for a long 
time, especially when tak-
ing into account the cost 
advantages and low migra-
tion effort. One possible fu-
ture electronic architecture 
could be CAN FD sub-nets 
in the body and powertrain 
domain, which are integrat-
ed into an Ethernet back-
bone architecture, with lo-
cal gateways for the pro-
tocol conversion (see Fig-
ure 6). With such architec-
ture the success of CAN will 
continue with CAN FD.

The introduction of 
high-speed communication 
networks leads to addition-
al challenges. High band-
width requires high comput-
ing power, thus increasing 

Although developed for vehicle 
technology, CAN has been adopt-
ed in many other industries with var-
ious technical applications. CAN 
chips are found in elevator systems 
of large buildings, ships, trains, air-
crafts, X-ray machines and other 
medical equipment, logging equip-
ment, tractors and combines, cof-
fee makers, and other major appli-
ances. In the automotive industry, 
CAN has become the industry stan-
dard for communication systems in 
vehicles, where today every new 
car built has at least one CAN sys-
tem on board. Following facts main-
ly drove the success of the CAN 
technology:

 ◆ CAN was the first “real” protocol 
bus in the vehicle allowing the 

implementation of more complex 
functionality while reducing the 
need for wiring in the vehicle.

 ◆ The open license policy of Bosch 
facilitated the availability of CAN 
on chip by micro-controller ven-
dors in a very short time frame.

 ◆ CAN required small silicon area 
and low computing power. The 
low-cost CAN is available even 
on simple micro-controllers.

 ◆ The planning of time-triggered 
protocols such as Flexray, i.e. 
protocols, which assign each bus 
participant fixed time slots for 
communication is complex and 
inflexible. Even though the real-
time behavior of a time-triggered 
protocol is predictable, the low 
planning effort of a CAN network 

is one of its key success factors. 
Its flexibility allows for adding un-
planned CAN nodes to the net-
work at any time.

 ◆ CAN resolves network collision 
via a bitwise arbitration (CR: colli-
sion resolution). This means that 
the message with higher prior-
ity is sent. Contrary to this, Eth-
ernet detects the collision but 
does not resolve it. With Ether-
net, the message transmission 
is stopped. Both senders wait 
a random amount of time and 
then begin sending the message 
again. Collision resolution is the 
preferable method in a real-time 
communication network as mes-
sages with high priority have pre-
cedence.

Facts explaining the success of the CAN technology 

Figure 4: Increased functional complexity in the automotive industry over time. Top left: 
Number of components communicating on a bus. Top right: The computing performance of 
engine controls in million instructions per second (MIPS). Bottom left: The number of lines 
of code and the memory requirements. Bottom right: The number of exchanged signals.

Figure 5: The complexity grows quicker than the number of functions. In the past, a turn-
ing point in complexity was the introduction of CAN. Today’s turning point will be a differ-
ent approach in organizing the vehicle’s electronic architecture.

10 CAN Newsletter 1/2013

Im
pr

ov
ed

 C
A

N



enhancement of the EDE 
could cover this aspect by 
adding a hardware securi-
ty module (e.g. SSL (secure 
sockets layer) protocol in 
hardware).                               

the power consumption. 
Real-time communication 
generally demands low la-
tency, low jitter and high 
determinism. Low latency 
communication is achieved 
by transmitting the data in 
short frames, leading to 
high event rates. High event 
rates lead to high interrupt 
rates and the system effi-
ciency decreases.

In classical implemen-
tations the control and data 
plane are both implement-
ed in software on a CPU 
and will not keep up with 
the new demands in terms 
of performance and power 
consumption. A solution is 
the introduced Etas Data 
Engine (EDE). The EDE is 
an FPGA-based IP-core 
for high data traffic han-
dling. The CPU only con-
trols the EDE and is unbur-
dened from data transport 
tasks. The EDE allows a la-
tency of less than 5 µs with 

negligible jitter, as well as a 
throughput of up to 3 Gbit/s 
[3]. A possible deployment 
of the EDE is a gateway 
controller that is responsi-
ble for translating protocols 
between network domains 
with minimum delay. This 
solution is suited for design 
of gateways. To reduce the 
number of ECUs in the ve-
hicle, the gateway function-
ality can be combined with 
domain-specific ECUs. The 
company is going to of-
fer the data engine on the 
open market and for high-
volume production based 
on an IP-Core license  
model.

The introduction of Au-
tomotive Ethernet to the ve-
hicle and the increasing 
connectivity between vehi-
cle and outer world drives 
the discussion towards pos-
sible illegal access to the 
vehicle’s network (hack at-
tacks). A possible future 

Outlook
The long-term trend 
towards electric mobility 
and the associated 
electrification of the 
powertrain, as well as 
the idea of vehicles 
interconnection with the 
environment  
(car-to-car, car-to-X), are 
a catalyst for a change 
in the communication 
architecture for the 
vehicle of the future. The 
vehicle communication 
is becoming increasingly 
important and is thus 
a driving factor for 
innovation.
Due to increasing 
requirements in terms 
of bandwidth, flexibility, 
and economy of 
networking systems, 
the demand for using 
network technologies 
with high bandwidth, 
such as Internet 
Protocol and Ethernet, 
will increase. CAN FD 
is a promising bridge 
in terms of bandwidth, 
cost, and migration 
effort towards this future.

Figure 7: Left: In a classical approach the data and control plane are implemented in 
firmware. The CPU controls the communication controller. Right: The Etas Date Engine 
implements the data plane in hardware. The CPU controls the hardware engine.

Figure 6: A modern centralized electronic architecture organized in domains. Automotive 
Ethernet is a candidate for inter-domain communication, while CAN FD might substitute 
for CAN in the powertrain and body domain. An optional central gateway (CGW) connects 
the domain with the outer world.
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Abstract
This article gives an overview 

about safe-guarding CAN  
FD for applications in trucks.
The present situation of CAN 

networks in Daimler trucks 
is described. Furthermore 

capabilities and implications 
for the future usage of 

CAN  FD in truck architectures  
are shown from the physical  

layer point of view.

Daimler Trucks was 
among the very first 

adopters of the CAN net-
working technology. In the 
beginning of the 1990s CAN 
was introduced into the SK 
(schwere klasse: heavy 
class) truck. In the first ap-
plication (Euro 2 engines) 
there were only two CAN 
ECUs (electronic control 
units) running at 125 kbit/s 
with a special truck low-
speed physical layer (ISO 
11992). Since then, with ev-
ery step in the evolution of 
the electronic architecture 
the number of CAN net-
works, CAN ECUs and the 
total amount of transmitted 
data increased as shown in 
Figure 1. In the current ar-
chitecture (“New Actros”), 
which was introduced in 
2011, there might be up to 
12 CAN networks in one ve-
hicle (depending on the ve-
hicle configuration ordered), 
the bit-rate is at least 500 
kbit/s and on some dedi-
cated CAN networks it is in-

Safe-guarding CAN  FD 
for applications in trucks

Marc Schreiner, Helmut Leier, Matthias Zerzawy, Tobias Dunke, Jürgen Dorner

creased to 667 kbit/s. The 
Figure 1 shows that also in 
the time between steps in 
architecture there is an in-
crease of data transmission 
due to features that have 
to be added to an existing  
architecture.

Networks for future 
truck architectures
For the next step in truck ar-
chitectures, networks run-
ning only with classic CAN 
will not be able to keep up 
with the growing demand 
for the bandwidth. More 
powerful networking tech-
nologies that could be used 
in future truck architectures 
are CAN FD (a further de-
velopment of the CAN pro-
tocol), Flexray (already suc-
cessfully introduced into 
passenger cars), and Ether-
net (Broadcom automotive 
100-Mbit/s Ethernet that is 
just about to have its debut 
in passenger cars). Figure 2 
gives a comparison of prop-

erties of classic CAN with 
CAN  FD and Flexray dedi-
cated for trucks (for passen-
ger cars it may differ). Since 
the automotive version of 
Ethernet is a switched net-
working technology that 
does not support shared 
media, it is not included into 
this comparison. The over-
view distinguishes between 
CAN with ≤500 kbit/s (the 
past at Daimler Trucks) and 
CAN with ≥500 kbit/s (the 
present situation at Daimler 
Trucks).
The main aspects are:

 ◆ Bandwidth: Classic CAN 
will not provide enough 
bandwidth in future. 
CAN FD will increase 
the available bandwidth. 
Flexray would have the 
most potential with re-
spect to bandwidth.

 ◆ Cost: It can be expect-
ed, that CAN FD will cost 
approximately as much 
as classic CAN. Flexray 
would be more cost in-
tensive due to additional 

1990 2000 2010 2020 

100 kbit /s 

500 kbit /s 

1 Mbit /s 

10 Mbit /s 

av
er

ag
e 

am
ou

nt
 o

f d
at

a 
on

 a
ll 

C
A

N
 b

us
es

 

1992: SK  
• 1 x CAN 
• 2 ECUs  
• 125 kbit/s  
• ISO 11992 

1996: Actros 1 
• 4 x CAN 
• more than 10 ECUs 
• 125 kbit/s + 500 kbit/s 
• ISO 11992 + ISO 11898 

2002: Actros 2 
• up to 10 x CAN 
• more than 25 ECUs  
• 125 kbit/s + 500 kbit/s 
• ISO 11992 + ISO 11898

2011: New Actros 
• up to 12 x CAN  
• more than 30 ECUs 
• 500 kbit/s + 667 kbit/s 
• ISO 11898 

year 

Figure 1: Evolution of CAN networks at Daimler Trucks

12 CAN Newsletter 1/2013

Im
pr

ov
ed

 C
A

N



epec oy  | 

 

 

 
 

 

 

 

 

advanced control system products for
tough, rugged and extreme conditions 

                   

epec 5050 control unit
based on 32 bit processor
memory:

•  flash 8 mbyte
•  ram 4 mbyte /8 mbyte
•  non volatile: 512 kbyte
•  plcopen application max size 

•  1 mbyte / 3 mbyte
•  temperature range -40°c ... +70°c

 

epec 3724 control unit
based on 16/32 bit processor
memory:

•  flash 1,6 mbyte
•  ram 1 mbyte
•  non volatile: 8 kbyte
•  plcopen application max size

•   768 kbyte
•  temperature range up to +85°c

epec 3606 control unit
based on 16/32 bit processor
memory:

•  flash 1,6 mbyte
•  ram 1 mbyte
•  plcopen application max size
 •  768 kbyte
•  temperature range up to +85°c

 

  

Visit us at BAUMA
Hall A5, Stand 307 

 

 

 sae j1939 e17



expenses for software 
and physical layer.

 ◆ Transmission line length: 
For trucks and especially 
omnibuses the possibil-
ity to use long transmis-
sion line lengths is an 
important criterion. CAN 
using up to 500 kbit/s al-
lows for adequate trans-
mission line lengths, 
whereas CAN with more 
than 500 kbit/s is sig-
nificantly limited with re-
spect to transmission 
line length. CAN  FD and 
also Flexray will allow 
for longer transmission 
line lengths comparable 
with the classic CAN net-
works running at up to 
500 kbit/s.

 ◆ Flexibility: In the elec-
tronic architecture from 
the truck it has two di-
mensions. Firstly, truck 
architectures have a 
long life span (might be 
twice the life span of a 
passenger car architec-
ture), in which they have 
to be extendable for new 
features or regulations. 
CAN FD would maintain 
flexibility in this case 
because it is as easy to 
handle as classic CAN 
and provides enough 
bandwidth. Flexray re-
quires a complete pre-
definition of the com-
munication schedule, 
which could be a difficult 
and ineffective job with 
regard to future exten-

sions. Secondly, there 
is a broad diversity of 
different vehicles (light 
trucks, heavy trucks, 
omnibuses, special-pur-
pose vehicles etc.) and 
markets (Europe, North 
America, South Amer-
ica, Asia etc.). The in-
tention is to reuse the 
core of the electronic 
architecture for all ve-
hicles and markets and 
to adopt it to the respec-
tive needs. This can be 
handled flexibly using 
CAN or CAN FD, howev-
er finding one common 
Flexray communication 
schedule would be a 
challenging job. Working 
with vehicle-dependent 
communication sched-
ules would be even 
more complicated.

 ◆ Hardware availability: It 
is very good for CAN and 
is also good for Flexray. 
There are promising an-
nouncements for com-

ing CAN FD products. 
To use these in the next 
architecture step these 
products have to be 
ready for production in 
2016.

 ◆ Diagnosis and flash-
ing: Flashing can be 
quite slow using classic 
CAN. It could be acceler-
ated significantly using 
CAN FD especially due 
to the extended payload 
frames. However this re-
quires that the link into 
the vehicle also supports 
CAN FD. Using Flexray, 
the flashing speed de-
pends mainly on the de-
sign of the communica-
tion schedule.

Signal integrity of 
truck CAN physical 
layer
The question has to be 
answered whether CAN 
FD will be suitable for the 
physical characteristics 

of truck and bus architec-
tures. To give a first estima-
tion of the obtainable band-
width, two example topolo-
gies taken from real vehi-
cles are examined. The ex-
ample is taken from one of 
the five main CAN networks 
of the vehicle. It is connect-
ing ECUs on the truck as 
shown in Figure 3. There 
is one common electron-
ic architecture for all vehi-
cles using the same type of 
ECUs performing the same 
functions. However, depen-
ding on the vehicle type, the 
physical structure of the to-
pology can be very diverse. 
The example truck topology 
(9-m vehicle) uses a clas-
sic CAN network with stubs 
in this case. In an articu-
lated bus (20-m vehicle) it  
is a passive double star  
topology.

Typical characteristics 
of truck and omnibus to-
pologies are long transmis-
sion line lengths (up to 50 
m between two ECUs) and 
large number of ECUs with-
in one vehicle and within 
one physical CAN network. 
CAN allows to handle the 
variety of topologies, but 
the physical layer in large 
topologies is challenging. 
Figure 4 shows the struc-
ture of the example topolo-
gies in detail on the left side. 
On the right side a CAN sig-
nal integrity graph is shown, 
which can be used to eval-
uate the physical charac-
teristics of a CAN topology. 
The articulated bus topol-
ogy might also have some 
optional ECUs (not shown 
in Figure 3). All calculations 
are based on the topology 
shown in Figure 4.

Architecture based on: CAN2.0B  
 500kbit/s  

CAN2.0B  
 500kbit/s 

CAN2.0B + 
CANFD 

CAN2.0B + 
FlexRay 

Bandwidth -- 0 + ++ 

Cost ++ ++ ++ 0 

Limitations for truck topology 
– Possible line lengths + -- + + 

Flexibility over vehicle 
lifespan 0 + ++ 0  

Flexibility for vehicle diversity ++ ++ ++ 0 

Hardware availability ++ ++ 2016 ? + 

Diagnosis / Flashing -- 0 ++ + 

past present future future 

articulated bus  20m 

truck frame  9m 

CAN ECU 
passive star 
bus line 

example: 

example: 

Figure 2: Comparison of CAN, CAN FD and Flexray for trucks

Figure 3: Example truck and omnibus architecture
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To evaluate a CAN 
topology dozens of sig-
nals have to be checked 
and, if done manually, the 
worst-case signal might be 
missed. Therefore Daim-
ler R&D developed the sig-
nal integrity graph (Figure 
4 right side). One topology 
is described in one graph 
that shows all relevant to-
pology characteristics in-
cluding the worst-cases. In 
order to get the signal integ-
rity graph all physical signal 
relationships between all 
nodes in the network have 
to be measured or simulat-
ed. All analog bus and digi-
tal Rx (receive) signals are 
synchronized on the falling 
edge of the Tx (transmit) 
signal and plotted in an in-
tersected manner. The re-

sult shows two areas: The 
red area comprises all an-
alog bus waveforms that 
can be found in the net-
work; overshoots, ringing or 
the shape of the transitions 
from dominant to reces-
sive can be examined. The 
blue-shaded area includes 
all Rx signal slopes rela-
tive to the Tx slope. Thus, 
the position and extent of 
the blue-shaded area di-
rectly corresponds to the 
minimum and maximum 
propagation delay between 
the nodes. The truck topol-
ogy shows comparatively 
clean bus signals, ringing 
decays quickly and there is 
only a little delay. However 
the articulated bus topology 
shows more ringing, reflec-
tions and it has consider-

ably more delay due to the 
more complex structure of 
the topology.

Round trip delay
A relevant value for the 
CAN protocol controller is 
the maximum round trip 
delay in the network be-
tween the ECUs, which can 
be extracted directly from 
the signal integrity graph. 
The maximum round trip 
values of both example to-
pologies are plotted in a 
bar graph shown in Figure 
5. They represent the typ-
ical case (light blue bar). 
For worst-case estima-
tions, the temperature-de-
pendent tolerances of the 
transceiver and EMI (elec-
tromagnetic interference) 

jitter have to be considered 
(grey bars) and the CC de-
lay (dark blue bar) has to 
be added. Oscillator toler-
ances in the ECUs have a 
similar effect that can be 
expressed as an addition-
al delay; the respective val-
ues are added as grey bars 
at the sample point posi-
tions. In the example (Fig-
ure 5) a direct clocking of 
the controller by a crys-
tal is assumed. In case a 
PLL (phase-locked looped) 
clock is used, the clock tol-
erance might be larger. The 
maximum bit-rate in the 
network is limited by the 
maximum round trip delay. 
It has to be smaller than the 
time position of the sample 
point within one bit-time. If 
the round trip delay is too 
large, the arbitration and 
acknowledge mechanism 
does not work anymore re-
sulting in error frames on 
the network. These limits 
are shown in Figure 4 for 
different bit-rates and sam-
ple points.

The resulting safety 
margins in Figure 5 show, 
that the truck topology 
would work with 800 kbit/s, 
though only with a small 
safety margin. The articu-
lated bus topology will only 
work safely with 500 kbit/s. 
This calculation shows that 
in trucks and omnibuses 
the maximum acceptable 
bit-rate (500 kbit/s and 667 
kbit/s) is already reached. 
Further increase with the 
classic CAN network will 
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Figure 5: Round trip delay and bit-timing

Figure 4: Truck and omnibus topology with signal integrity graph
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not be possible. The limit-
ing factor is the round trip 
propagation delay between 
the nodes.

The potential  
of the CAN FD  
physical layer
However, today’s CAN 
physical layer (high-speed) 
has the potential for higher 
speeds. The bit-rate is only 
limited by the arbitration 
and acknowledge mecha-
nism, not by signal integrity 
on the network. CAN FD can 
overcome the bit-timing bot-

tleneck of classic CAN en-
abling more data throughput 
without changing topologies 
and physical layer hard-
ware. Figure 6 shows what 
happens to the CAN signals 
when the bit-rate is accel-
erated, e.g. in the fast data 
phase of a CAN FD frame. 
The calculation uses the 
truck example topology (Fig-
ure 3 and Figure 4). The sig-
nal integrity graphs show an 
increase of the bit-rate from 
500 kbit/s to 1 Mbit/s and fi-
nally to 2 Mbit/s (Figure 6a 
to Figure 6c). It can be seen 
that the shape of the slopes 

does not change and the 
relative delay time stays the 
same. Only the steady state 
part of the bit is contracted. 
The lower graph in Figure 6d 
shows a detail of a CAN bit 
stream with 2 Mbit/s in the 
example topology. It can be 
seen that the analog wave-
forms as well as the digital 
Rx signals are well transmit-
ted over the physical layer. 
At approximately 2 Mbit/s, 
the extent of the bit in rela-
tion to the extent of the sig-
nal slopes shows, that a fur-
ther increase would not be 
reasonable.

The first simulation 
results show, that even in 
truck and omnibus topolo-
gies approximately up to 2 
Mbit/s for the data phase of 
the CAN FD protocol would 
be possible using the cur-
rent transceivers and cur-
rent topology structures. 
For the arbitration phase 
today’s common bit-rates 
of 500 kbit/s to 667 kbit/s 
have to be maintained to 
ensure correct arbitra-
tion and acknowledge. Of 
course, these theoretically 
calculated results still have 
to be confirmed by mea-
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surements with real hard-
ware.

Increased data 
throughput with  
CAN FD
The calculations above give 
a first estimation of possible 
arbitration phase and data 
phase speeds in the CAN 
FD message. These val-
ues permit to estimate the 
average data throughput 
that can be achieved with 
CAN FD under these phys-
ical layer conditions. The 
upper three graphs in Fig-
ure 7 are plotted for arbitra-
tion speeds of 500 kbit/s to 
800 kbit/s. The horizontal 
axis represents the bit-rate 
in the fast data phase of a 
CAN FD frame, while on the 
vertical axis the resulting 
average bit-rate is plotted, 
assuming that only 8 byte 
payload frames are used. In 
this case no changes to the 
application software would 
be necessary when using 
CAN FD, besides an adop-
tion of the CAN driver soft-
ware. Figure 7a shows that 
the average bit-rate could 
be nearly doubled for an ar-
bitration speed of 500 kbit/s 
and 2 Mbit/s for the data 
phase using only 8-byte 
data frames and the 29-bit 
CAN-IDs (identifiers), which 
is common in trucks. There 
could be more gain in aver-
age bandwidth for networks 
using the 11-bit CAN-IDs 
e.g. in passenger cars. The 

estimation does not include 
stuff bits.

Apart from the fast-
er bit-rate in the data seg-
ment, CAN FD also enables 
transmission of frames with 
a payload of up to 64 bytes. 
The two lower graphs in Fig-
ure 7 show the effect of the 
extended payload length, 
assuming that all trans-
mitted frames make com-
pletely use of the respec-
tive payload. It is evident, 
that the gain in average 
bit-rate is maximized when 
frames with long payload 
are used. For example, in a 
truck network with an arbi-
tration speed of 500 kbit/s 
and a data-phase speed 
of 2 Mbit/s with 8 bytes of 
payload would make a little 
less than a 1-Mbit/s aver-

age bit-rate. However, when 
using the whole 64 bytes of 
the payload, the yield is a lit-
tle higher than a 1,5-Mbit/s 
average (Figure 7d). This 
means an increase of ap-
proximately 50 % of the av-
erage bit-rate. Also this es-
timation neglects stuff bits. 
Using more than 8 bytes 
of payload will have a di-
rect impact on the applica-
tions and the ECU’s oper-
ating system as these are 
currently developed to deal 
with 8 bytes of payload only. 
Especially applications us-
ing the J1939-based pro-
tocols and vehicle flashing 
applications could benefit 
from the extended payload 
length.

Figure 8 shows an ex-
ample, which is taken from 
a real truck communication 
cycle. Only the messages 
that are transmitted cyclical-
ly every 10 ms are shown. 
Some ECUs need to trans-
mit more than 8 bytes of 
payload resulting in a burst 
of frames that take approx-
imately 3,5 ms to be trans-
mitted. Figure 8 shows the 
reduction in transmission 
time achievable using CAN 
FD with an 8-byte payload 
and fast transmission of the 
data, with extended pay-
load but without fast trans-
mission of the data and 
with both mechanisms com-
bined. In all configurations 
CAN FD reduces the nec-
essary transmission time 

and allows more data to be 
transmitted on the network.

Next steps
In order to safeguard the 
CAN FD technology for the 
integration into vehicles, 
real hardware for testing is 
necessary. Until now micro-
controllers with integrated 
CAN FD controller are not 
available. A CAN FD IP is al-
ready available from Bosch 
as a VHDL code. Therefore 
Bosch, Daimler and NXP 
jointly developed a sam-
ple gateway device based 
on an FPGA implementa-
tion. It can be used to build 
up entire CAN FD networks 
and perform hardware tests 
of topologies, signal integri-
ty and EMC as well as soft-
ware tests such as gateway 
algorithms. According to the 
company, the ECU in Figure 
9 represents the world’s first 
CAN FD-compatible ECU 
suitable for usage in vehi-
cles. It is powered by a 32-
bit CPU from Renesas run-
ning with Autosar. Two CAN 
FD IP cores are running on 
an Altera FPGA, which is 
interconnected to the CPU 
using the memory bus. Dif-
ferent CAN transceivers are 
included and selectable for 
CAN FD or classic CAN. 
The power supply unit, con-
nectors, size and housing 
are designed to use it in a 
laboratory or vehicle envi-
ronment.

CAN (29-bit  
CAN-ID) 
667 kbit/s 

CAN FD std. 
arb. 667 kbit/s 
data 2 Mbit/s 
8-byte frames 
only 

CAN FD extd. 
arb. 667 kbit/s 
data 667 kbit/s 
64-byte frames 

CAN FD extd. 
arb. 667 kbit/s  
data 2 Mbit/s 
64-byte frames 

18 x 8-byte 
msg. 
3,537 ms 

18 x 8-byte msg. 
2,088 ms 

2 x 8-byte msg. 
0,405 ms 

2 x 8-byte msg. 
0,232 ms 

1 x 32-byte msg. 
0,497 ms 

1 x 32-byte msg. 
0,214 ms 

1 x 48-byte msg. 
0,689 ms 

1 x 48-byte msg. 
0,278 ms 

1 x 64-byte msg. 
0,881 ms 

1 x 64-byte msg. 
0,342 ms 

  3,537ms  2,088 ms  2,472 ms  1,066 ms 

estimation not including stuff bits  
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Figure 8: Example of different CAN FD configurations

Figure 9: CAN FD sample gateway device
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Figure 8: Example of different CAN FD configurations

The sample gateway 
device will be used to con-
firm the first simulation re-
sults given in this article. 
Furthermore it will be used 
to perform various inves-
tigations to answer open 
questions and finally derive 
design rules for the CAN FD 
networks. It is not intend-
ed to go into series produc-
tion and will only be used 
for R&D purposes. Some of 
the topics to be investigated 
are:

 ◆ Clock/jitter tolerance
 ◆ EMC emissions
 ◆ Robustness against 

EMC
 ◆ Robustness of transceiv-

er delay compensation
 ◆ Signal integrity, asym-

metric delay
 ◆ Qualification of trans-

ceivers
 ◆ Interoperability of differ-

ent bit-time and clock 
settings

 ◆ Interoperability of differ-
ent controllers

 ◆ Software tests
 ◆ Gateway strategies 

A final validation of the  
CAN FD technology and its 
possibilities will be made 
when it has passed these 
tests. 

Conclusion
CAN FD is a promising 

bus technology that allows 
designing cost-optimized 
and flexible architectures 
for trucks and omnibuses in 
the future. First estimations 
show that in typical truck 
and omnibus networks bit-
rates in the data field of ap-
proximately 2 Mbit/s would 
be possible without chang-
ing the physical layer and 
the network topology. In 
combination with the ex-
tended payload the aver-
age data throughput could 
be increased by a factor of 
three depending on the ap-
plication. The main advan-
tage of CAN FD for trucks 
is the increase of average 
data throughput for the ap-
plications, which will main-
tain flexibility for future ex-
tensions and diversity of 

vehicles. This enables ex-
tension of the life time cycle 
of existing electronic archi-
tectures.

At Daimler, CAN FD 
currently has the status of 
a predevelopment project. 
To use CAN FD in the next 
vehicle generation in ap-
proximately 2016 and 2017, 
a dependable roadmap of 
micro-controllers with in-
cluded CAN FD IP must be 
available by mid of 2013. 
Especially, the availability of 
a micro-controller suitable 
for gateway applications 
with at least four CAN FD 
controllers is a precondition 
for the series introduction. 

advanced + safe
PL d Cat. 3 according to EN ISO 13849

powerful + safe 
redundant 32 bit CPU and FPU

fl exible + safe
safe I/O extensions

adaptable + safe
 safe and standard program 

w/o feedback

– the safety 
controller

Register now 
for the premiere at:
www.intercontrol.de/en/bauma
info@intercontrol.de
Tel. +49 911 9522-851
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Introduction
This article provides 

detailed information of 
the presentation about 

CAN FD, which was 
given on 29th November 
by Thomas Lindenkreuz 

from Robert Bosch. 
It reports about the 

CAN FD benefits and 
the use cases for the 

improved CAN protocol. 
The article also informs 

about the already 
available components.

Thomas Lindenkreuz, the 
Director for the develop-

ment of digital ASICs and IP 
modules at Robert Bosch, 
Automotive Electronics, De-
velopment Division Semi-
conductors gave a presen-
tation about CAN with flex-
ible data rate. He has been 
working for Bosch since 
1990 in various functions 
and is one of the CAN FD 
inventors. According to Mr. 
Lindenkreuz, CAN FD has 
already achieved a degree 
of maturity, which shows 
that the improved CAN 
technology has a success-
ful future. Interest in the im-
proved CAN technology and 
company’s CAN FD demon-
strator at the tabletop exhi-
bition accompanying the 
congress, resulted in a full 
hall of listeners.

After a historical over-
view of CAN development, 
the performance compari-
son of diverse automotive 
network technologies was 
presented. Figure 1 indi-

Inventor presented the 
improved CAN data link layer

cates the network’s possi-
ble bandwidth relationship 
to the implementation costs 
per node. The evaluation 
shows that CAN FD would 
de facto not cause addition-
al costs regarding the hard-
ware at the same time of-
fering the traditional CAN 
technology benefits. The 
bit-rate achievable by CAN 
FD rises into the area, which 
is currently covered by 
Flexray. According to com-
pany’s discussions with the 
Asian carmakers, Flexray 
with bit-rates of 2,5 Mbit/s 
and 5 Mbit/s is rather used 
for emulation of CAN on the 
Flexray networks as for the 
time-controlled communica-
tion. Introduction of CAN FD 
would make these practices 
obsolete. In his presentation 
on the congress, Mr. Röder 
from Continental has even 
predicted that Flexray will 
disappear from the future 
car electronic architectures, 
so that only CAN, LIN and 
Ethernet will be used.

CAN FD basics

The CAN FD idea is to 
transmit the bits within the 
data phase of a CAN frame 
with a higher bit-rate as 
in the arbitration and the  
acknowledge parts. If the 
length of a CAN FD frame’s 
data field stays at 8 bytes, 
no changes in the soft-
ware have to be made. Of 
course, the whole network 
should be configured as a 
CAN FD network, but from 
the software side it looks, 
as it would be the clas-
sic CAN communication. 
The difference is the faster 
data transmission. This led 
the developers of CAN FD 
to the idea to increase the 
amount of bits transmitted 
while the data phase. The 
64-byte length was cho-
sen, because it seemed 
to be a value comfortably  
realizable in the practice. 
The data field could be 
clocked eight times faster. 
This would result in a CAN 
FD message with 64 data 
bytes, which lasts approxi-
mately as long as the clas-
sic CAN message (with 8 
data bytes) transmission. 
Thus, the whole network 
design would be de facto 
not disturbed.

A CAN FD frame (Fig-
ure 2) makes use from the 
EDL (extended data length) 
bit in the control field, which 
was reserved for future use 
by the “prime fathers” of 
CAN. The recessive EDL-bit 
state indicates a CAN FD 
frame while the dominant 
EDL state (as it was hither-
to) indicates the traditional 
CAN frame. In the first case, 
the control field addition-
ally indicates whether the  

Automotive Electronics
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bit-rate in the data field will 
be switched and in which 
error state (passive or ac-
tive) the transmitting node 
is currently. Additionally, 
the coding of the DLC (data 
length code) and the CRC 
(cyclic redundancy check) 
is changed with regard to a 
longer data field.

Mr. Lindenkreuz also 
shown, how the average 
message bit-rate varies 
depending on the length of 
the data field (payload). Us-
ing the arbitration bit-rate of 
1 Mbit/s and the data-field 
bit-rate of e.g. 6 Mbit/s re-
sults in average bit-rates of 
ca. 2,5 Mbit/s (8-byte pay-
load) up to ca. 5 Mbit/s (64-
byte payload).

Possible use cases
Common use cases in-
clude a fast software down-
load. An example calcula-
tion comparing classic CAN 

(500 kbit/s, 8 data bytes) 
transmission of 32 pay-
load-bytes with CAN FD 
(2 Mbit/s, 32 data bytes) 
shows that with CAN FD a 
four-times faster transmis-
sion of the intended payload 
is possible. Bosch’s internal 
usage interest is the fast 
flashing of the ECUs (band 
end programming). Alone 
for this purpose, it was rea-
sonable for the company to 
invent the enhanced CAN 
technology.

CAN FD transmission 
also allows to avoid split-
ting of long messages. For 
example, data sent from 
a three-axis acceleration 
sensor could contain three 
8-byte values respectively 
related to X, Y and Z axes. 
Using a CAN FD frame, 
transmission of the three 
values within one message 
is possible. This simplifies 
the handling of data, as it is 
received for all three axes 

without a time offset. This 
also easies the manage-
ment on the transport lay-
er. Additionally, longer CAN 
FD messages allow a se-
cure 8-byte data transmis-
sion fulfilled by adding of a 
MAC (message authentica-
tion code) to the data field.

As a data exchange 
growth in electric vehicles is 
expected for the next years, 
CAN FD would fit for the 
next generation of power 
train requirements of such 
vehicles. In case of extreme 
functional enhancements, 
use of Ethernet might be 
necessary.

A further use case al-
lows for faster communica-
tion on long bus lines typi-
cally found in trucks and 
omnibuses. These vehi-
cles commonly use the bit-
rate of 250 kbit/s and com-
municate according to the 
J1939 protocol. As the bit-
rate in the data field is in-
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6th Vector Congress 
End of November 

2012, Vector Informatik 
organized the 6th two-
day Vector Congress 

in Stuttgart (Germany). 
Up to 300 people 
came to the event 

and met engineers 
mostly coming from the 
automotive electronics 
branch. Several CAN-

relevant topics were 
presented in the 

area of diagnostics 
(Vector, Müller), heavy-

duty vehicles (Volvo, 
Niemczyk; Caterpillar, 

Weck; Vector, Fellmeth), 
ECU testing (Bosch, 

Kempe), Autosar 
safety (Peiker, Müller) 

and the new bus 
systems (Continental, 

Röder; Bosch, 
Lindenkreuz). The 

released presentations 
are available from 

company’s website at 
https://www.vector.com/
vi_congress12_en.html.

Figure 2: CAN FD frame

Figure 3: Architecture of the M_CAN communication controller
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creased independent of ca-
ble length, average bit-rates 
of up to 810 kbit/s are esti-
mated to be possible.

Availability of 
components
Figure 3 shows the archi-
tecture of the M_CAN com-
munication controller from 
Bosch. This is available with 
full CAN FD support (high-
er bit-rate and 64-byte pay-
load). M stands for modu-
lar and means that diverse 
CAN features may be flexi-
bly combined and passed 
to company’s semiconduc-
tor-manufacturers to be in-
tegrated on silicon. Inter-
ested parties may contact 
Bosch in order to get a li-
cense for the CAN FD-ca-
pable M_CAN modules.

Through cooperation 
by Bosch, Daimler Truck 
and NXP, a CAN FD gate-
way board was created, 
which could be seen on 
Bosch’s demonstrator at the 
accompanying exhibition. 
The board includes a clas-
sic CAN controller and an 
FPGA with two implement-
ed and instantiated CAN FD 
IP cores. The cores are able 
to run with up to 10 Mbit/s. 
Up to three selectable phys-
ical layers for CAN FD can 
be implemented on the 
board. Regarding the form 
factor, it was designed to 
fit into the useful automo-
tive housings. The board 
also features truck and pas-
senger car compatible con-
nectors. Autosar-based test 
software for the board is on 
development. The compa-
nies agreed to provide the 
board (hardware and soft-
ware) to the third parties be-
ginning with April 2013.

Tools for CAN FD are 
available from Vector (CAN-
alyzer, CANoe) and from 
the Bosch’s daughter com-
pany Etas (e.g. Busmaster). 
The CAN FD-capable CA-
Noe version was presented 
by Vector on the accompa-
nying exhibition.

Regarding the hard-
ware, Bosch met a com-
mitment with NXP (at the 
CAN FD Tech Day in De-

troit) to introduce a CAN 
FD transceiver roadmap  
supporting different bit-
rates. Also STM and 
Freescale presented their 
roadmaps on the CAN 
FD Tech Day. Thus, it is 
planned to have micro-con-
troller samples supporting 
CAN FD with up to 64 pay-
load bytes in the Q1/2013. 
Bosch is in communication 
with other semiconductor 
manufacturers regarding 
this topic. Mr. Lindenkreuz 
also mentioned that Bosch’s 
CAN FD micro-controllers 
will be integrated into com-
pany’s ECUs starting from 
2015 and 2016.

Olga Fischer
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Introduction
The continuous increase 

of connectivity in 
automotive networks 

forces higher data 
rates. One of the 

possible solutions to 
resolve this dilemma is 

the CAN FD protocol 
(CAN with flexible 

data rate). First CAN 
FD protocol controller 

implementations 
integrated in automotive 
32-bit micro-controllers 

are under validation. 
The semiconductor 
manufacturers are 

confronted with new 
timing requirements to 
be considered during 

the system-on-chip 
integration, which 

collide with the required 
current consumption 

limits. Currently, power 
train as well as chassis 
and safety applications 

are targeted by CAN 
FD. The carmakers 
are longing for first 

implementations for 
evaluation. The ECU 

suppliers focus on the 
reduction of the end-of-

line programming times.

The concept behind CAN 
FD is a transmission 

of one CAN frame at two 
speeds. Whereas the arbi-
tration field is transferred at 
maximum 1 Mbit/s the fol-
lowing payload is acceler-
ated to higher bit-rates e.g. 
4 Mbit/s, which is target-
ed for the first use cases. 
In contrast to the CAN pro-
tocol as defined in the ISO 
11898-1 the maximum pay-
load length according to 
CAN FD has been extend-
ed from 8 bytes to 64 bytes. 
Delays caused by the man-
datory network idle times 
and delays due to the arbi-
tration process are avoided 
increasing the average data 
rate as well.

1 Mbit/s is often men-
tioned as the upper lim-
it for CAN networks. How-
ever, the experienced and 
practiced bit-rate in auto-
motive environments is 500 
kbit/s. A robust arbitration 
and data transmission of 
the non-deterministic com-
munication is linked to con-
straints, which have to as-
sure the worst acceptable 
electrical signal integrity. 
In addition, automotive net-
works reflect years of deep 
experience, therefore, in the 
most cases, a migration to 
a CAN FD network in terms 
of using higher bit-rates 
should not be assumed. 
However, customers lack-
ing bandwidth and not will-
ing to go above 500 kbit/s 
consider the 64-byte pay-
load as an attractive feature 
of CAN FD.

The CAN FD protocol 
was also developed to close 
the gap between CAN (max. 
1 Mbit/s) and Flexray (max. 
10 Mbit/s). The latter needs 

Higher flexibility in automotive 
networks through CAN FD

Radoslaw Watroba, Rolf Nandlinger

dedicated transceivers. Un-
til the new generation of 
CAN transceivers support-
ing bit-rates higher than 1 
Mbit/s will be available, the 
use of actual transceivers 
in mass production at low-
er data rates is obligatory. 
Concerning programming 
with higher switching fre-
quency, the semiconduc-
tor manufacturers were re-
quested to modify their 
actual transceiver specifi-
cations and increase the 
upper bit-rate limit for this 
use case. The CAN FD in-
troduction requires at least 
the use of a CAN-FD-ca-
pable protocol controller, 
in fact in each CAN node. 
Otherwise the communica-
tion would break down due 
to CRC (cyclic redundancy 

check) errors interpreted by 
CAN controllers according 
to ISO 11898-1 during the 
CAN FD mode. In April 2012 
Robert Bosch has released 
the CAN FD protocol speci-
fication v. 1.0. The goal is to 
transfer that protocol speci-
fication to an ISO standard. 
Since some open questions 
still exist, for instance, re-
garding the physical layer 
parameters or conformance 
testing, working groups with 
individual focus were initiat-
ed by the CAN in Automa-
tion (CiA) organization.

First CAN FD  
protocol controllers
The decision to implement 
a CAN FD protocol control-
ler was made very early. 
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Figure 2: SPC57 CAN sub-system

Figure 1: M_CAN module
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Currently, STMicroelectron-
ics is developing the SPC57 
32-bit micro-controller fami-
ly based on the 55-nm and 
40-nm in-house embedded 
flash technology for power 
train as well as chassis and 
safety applications. Bosch’s 
M_CAN IP was chosen. In-
ternal validation of the first 
silicon and therefore of the 
CAN FD protocol on a target 
hardware supporting 8-byte 
payload has been started. 
Meanwhile the M_CAN IP 
has been refined and the 
maximum payload length 
was extended to 64 bytes. 
Consequently all developed 
micro-controllers will switch 
to the most recent M_CAN 
IP with 64 byte payload sup-
port.

The MCU family imple-
ments several M_CAN in-
stances depending on the 
micro-controller derivative. 
In short, each M_CAN in-
stance consists of a CAN 

core, transmit and receive 
handler, generic master and 
slave interface and addition-
al control and synchroniza-
tion logic. While the generic 
master interface connects 
the M_CAN to the external 
32-bit message RAM, the 
connection to the host CPU 
is done by the generic slave 
interface.

MCU’s CAN  
sub-system
The CAN sub-system of the 
SPC57 devices includes 
several M_CAN instances 
and a RAM controller as in-
terface to the shared CAN 
RAM, which includes the 
transmit and receive buffers 
as well as the configurable 
CAN filter elements of each 
M_CAN instance. The RAM 
controller consists of the 
SRAM interface, an ac-
tive transmit message buf-
fer protection, an ECC con-

troller and additional logic, 
which handles the arbitra-
tion of the RAM access re-
quests by the M_CAN in-
stances and the CPU.

Each M_CAN generic 
slave interface and the CAN 
RAM controller slave inter-
face is connected to an in-
dividual slot on the 32-bit 
peripheral bridge while the 
M_CAN generic master in-
terfaces are connected to 
the CAN RAM controller. 
The shared CAN RAM ar-
ray is organized by a 32-
bit data and an 8-bit ECC. 
Each M_CAN instance sup-
ports a maximum RAM-size 
of 1216 x 32-bit words (for 
M_CAN including TTCAN 
1344 x 32-bit words). The 
message RAM is used by 
the M_CAN instance for 
storing of the 11-bit and 29-
bit CAN message filters, 
two receive FIFOs, one re-
ceive buffer, one transmit 
event FIFO and one trans-

mit buffer. In case the time-
triggered CAN communica-
tion feature of the M_CAN 
IP is used, additional trigger 
RAM memory must be con-
figured.

Each section of the 
message RAM is fully 
configurable in terms of the 
start address and the size. 
There is one exception re-
garding the transmit buf-
fers. Those special sec-
tions of the CAN RAM are 
reserved and cannot be 
configured. Each element 
of those buffers can be pro-
tected by an M_CAN hard-
ware signal against CPU 
write access until the last 
valid data was transmitted. 
The maximum size support-
ed by the M_CAN is shown 
in Figure 3. The overall size 
of the message RAM mod-
ule is assigned during the 
micro-controller derivative 
integration depending on 
the targeted application re-
quirements. The flexible 
message RAM handling al-
lows an optimized chip-size 
required by the CAN RAM, 
while the usage of this 
memory can be configured 
by the user according to the 
application requirements.

CAN RAM bandwidth
For systems with multiple 
M_CAN instances connect-
ed to one shared CAN RAM 
a consideration of the over-
all bandwidth requirements 
for the memory interface is 
mandatory. Any bottleneck 
in the data transmission has 
to be avoided in case all M_
CAN instances are running 
at high speeds and high 
message loads. On the oth-
er hand, oversizing of the 
system in terms of increas-
ing the operating frequen-
cy should be avoided to lim-
it the overall current con-
sumption. An M_CAN-spe-
cific theoretical worst-case 
data traffic to the shared 
CAN RAM is given by the 
following conditions:

 ◆ CAN FD mode
 ◆ 1 Mbit/s during arbitra-

tion
 ◆ 4 Mbit/s during payload 
transmission

Figure 3: Supported shared memory size by M_CAN

Figure 4: Example of the shared CAN RAM as implemented in an SPC57 derivative
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 ◆ 128 active filter elements 
per CAN for an 11-bit 
CAN-ID

 ◆ 32 transmit buffers per 
M_CAN

 ◆ DLC = 0
 ◆ 50-% CPU access time 

to the shared RAM
Assuming the mentioned 
conditions being applied to 
all M_CAN implemented in-
stances an internal RAM 
bandwidth of 15 Mbit/s for 
each module would be man-
datory. A typical CAN sub-
system consisting of three 
or four M_CAN modules 
would require a clock fre-
quency higher than accept-
ed in terms of current con-
sumption aspects. Based 
on the targeted powertrain 
applications the worst-case 
scenario can be changed 
by making the following as-
sumptions: 

 ◆ Maximum two M_CAN 
instances running in 
CAN FD mode (1 Mbit/s 
arbitration and 4 Mbit/s 
payload)

 ◆ Up to three M_CAN in-
stances running in stan-
dard CAN mode (500 
kbit/s or 1 Mbit/s)

 ◆ DLC ≥ 1
In this scenario the band-
width requirements for the 
shared CAN RAM become 
less demanding and the 
CAN subsystem can be op-
erated at 50 MHz, which is 
an appropriate frequency 
for automotive applications.

CAN FD activities in 
automotive industry
The internal validation at 
STMicroelectronics of an 
8-byte payload CAN FD 
controller has been started. 
The availability of the first 
silicon implementing CAN 

FD is an important mile-
stone to prove the CAN FD 
protocol controller on the 
target hardware.

The carmakers are 
very open-minded towards 
CAN FD and consider their 
internal evaluations as soon 
as the engineering samples 
will be available. Some of 
the carmakers go even be-
yond that and, already to-
day, plans for the next gen-
eration networks supporting 
CAN FD are made.

The ECU suppliers 
currently focus on the re-
duction of the end-of-line 
programming time. Imple-
mentation of CAN FD as a 
faster backbone network 
has a lower priority. The 
semiconductor manufac-
turer is sustainable com-
mitted to automotive and 
will successively expand 
the SPC57 micro-control-
ler family including CAN FD 
protocol controllers. Cur-
rently powertrain applica-
tions are targeted by the 
first developments. In par-
allel, micro-controller deriv-
atives fulfilling the chassis 
and safety requirements are 
under development. The in-
ternal validation of a micro-
controller derivative with a 
64-byte-payload CAN FD 
controller is planned for 
Q4/2013. Slightly later de-
livery of engineering sam-
ples to strategic partners is 
planned.                 

Figure 5: SPC5x micro-
controller
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Introduction
In 1987 Bosch introduced 

the Controller Area 
Network, which soon 

became one of the 
most popular in-vehicle 

network technologies and 
was used in many other 

industries.  
Today CAN is still the 
most commonly used 

network in the automotive 
area, but the latest 

vehicle systems with high 
data rates require the 

introduction of CAN FD 
(CAN with flexible data 
rate) as its successor.

The main advantage of 
CAN turned out to be a 

limiting factor for today’s ap-
plications. Each CAN frame 
is acknowledged by the re-
ceiving nodes by sending 
an acknowledgment flag 
into the transmitted frame. 
Thus the sender gets a di-
rect in-frame response on 
successful message trans-
mission. However, this re-
quires that the propagation 
time for sending the phys-
ical signal to the most dis-
tant node and back is not 
longer than the time frame 
for the acknowledgement 
signal itself. The propaga-
tion delay is mainly imposed 
by the transceivers and the 
cable length. Thus, there is 
a reciprocal relationship be-
tween the bit-rate and the 
propagation delay.

CAN was designed 
for a maximum bit-rate of 
1 Mbit/s on a cable with a 
maximum length of 40 m. 
Due to the emission limits 

Automotive and industrial 
use cases for CAN FD

Dr. Tobias Lorenz

and immunity tolerances, it 
is commonly used with low-
er bit-rates. In passenger 
cars it is used with a max-
imum bit-rate of up to 800 
kbit/s, while 500 kbit/s is 
more common. Commercial 
vehicles have larger topolo-
gies, thus using up to 500 
kbit/s, but it is more com-
mon to have 250 kbit/s. As 
applications become more 
and more bandwidth-in-
tense, CAN has to compete 
with more modern technol-
ogies such as Ethernet (bit-
rates above 100 Mbit/s over 
a distance of 100 m). Be-
side the limited bit-rate, the 
maximum data field length 
of 8 bytes is also insuffi-
cient for today’s applica-
tions. Transport protocols 
are necessary to transmit 
larger chunks of data.

With CAN FD it is pos-
sible to transmit a CAN 
frame with two different bit-
rates. While the control data 
(arbitration, acknowledge-

ment) is sent with the nom-
inal bit-rate, the data itself 
is transmitted with a high-
er bit-rate. The data bit-rate 
only depends on the trans-
mission characteristics and 
capabilities of the physi-
cal layer, not on the sig-
nal propagation delay. This 
concept provides backward 
compatibility with existing 
CAN controllers. The sec-
ond improvement is that a 
data frame can have up to 
64 bytes of payload. In ad-
dition, the requirement for 
transport protocols can 
be dropped in several use 
cases. CAN FD also intro-
duces the CRCs (cyclic re-
dundancy checks) for larg-
er frames, which take the 
CAN stuff bits into account. 
This ensures that the safety 
level remains constant with 
a hamming distance of six. 
Following are some of the 
use cases that directly ben-
efit or even require CAN FD 
communication.

Figure 1: CAN FD provides a seamless upgrade path for CAN technology towards Flexray 
and Ethernet
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Fast software  
download

According to Moore’s Law, 
the complexity of integrat-
ed circuits doubles every 
12 months. As stated by In-
tel executive David House, 
the performance doubles in 
a period of 18 months. Sim-
ilar numbers apply for the 
overall system complexi-
ty and software size. This 
has already led to the prob-
lem that complete software 
downloads via the on-board 
diagnostic (OBDII) port to 
the vehicle ECUs take sev-
eral hours.

According to General 
Motors [3] (similar numbers 
apply for other OEMs as 
well), the CAN-based OB-
DII port is used with a nom-
inal bit-rate of 500 kbit/s. 
To have the maximum net 
bit-rate, transmissions are 
supposed to have 8 bytes 
of data. Thus the time  
to transmit each frame is 
1021 µs.

With CAN FD, the 
nominal bit-rate is kept at 
500 kbit/s, but a data bit-
rate of 2 Mbit/s is used. In 
addition, frames are trans-
mitted with 32 bytes of pay-
load. Increased bit-rate and 
payload length leads to a 
reduction in transmission 
time to 229 µs (see Figure 
3). Thus, a four times high-
er net bandwidth can be 
achieved solely on the pro-

tocol layer. Further speed 
increases are gained due 
to the reduced overhead 
of the transport protocol. 
A transport protocol usu-
ally requires 1 byte for PID 
(Packet ID), and the 7 bytes 
of DAQ (data acquisition 
message), thus resulting in 
an 88-% net rate. With CAN 
FD, up to 63-bytes DAQs 

are possible, which results 
in a 98-% net rate.

Time-synchronous 
data transmission  
for one motion  
controller
Real-time applications re-
quire a reliable time be-
havior. Mapped to network 

Figure 2: The average CAN FD bit-rate benefits from payloads of up to 64 bytes

Figure 3: With CAN FD about four times higher net band-
width is realistic

Figure 4: Four PDOs are required to position a motion 
controller with classic CAN

Tools for CAN FD 
Etas already provides 
tools for CAN FD. During 
the CAN FD Tech Day 
in Detroit, modified 
versions of the FPGA-
based ES593-D device 
and Busmaster were 
presented. The ES593-D 
is a member of the CAN 
FD-capable ES59x ECU 
and bus access module 
series also including 
ES592 and ES595. The 
ES910 rapid prototyping 
module supports CAN 
FD as well. The scalable 
ES8xx system with 
a power plate on the 
bottom and several 
modules stacked on 
the top, is scheduled 
for release in Q2/2014. 
The available modules 
interconnected via a high-
speed communication 
network with low latency 
will include the ES850 
analog input module, 
the ES820 computing 
module, and the ES890 
ECU and bus interface 
module. The latter will 
feature CAN, CAN FD, 
Flexray, ECU access, 
and connectivity to 
other company’s legacy 
hardware.
Busmaster 1.7.0 free-to-
use open-source solution 
for network analysis and 
simulation supports CAN 
FD. It handles the second 
bit-rate and frames with 
up to 64 bytes, each in 
the message window, 
and the node simulation. 
The tool is available since 
November 2012 and can 
be downloaded at http://
rbei-etas.github.com/ 
busmaster. Inca is a 
CAN FD-capable tool for 
measurement, calibration, 
and diagnostics. The 
support will be officially 
released with the market 
introduction of the 
ES890. As of today, the 
configuration formats  
and transport protocols 
are not yet ready 
for CAN FD. Further 
standardization in 
ASAM, ISO, and SAE 
is necessary to take full 
advantage of CAN FD.
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technologies, this require-
ment results in a time-syn-
chronous transmission of 
information. Due to the fact 
that CAN is limited to a data 
field size of 8 bytes, more 
information has to be trans-
mitted in subsequent mes-
sages. To have a reliable 
time behavior, it has to be 
ensured that there is no 
delay or interruption of the 
transmission due to frames 
with higher priority. An ex-
ample for such application 
is a robot arm [4]. Each axle 
in this arm is equipped with 
a motion controller imple-
menting the CANopen de-
vice profile for drives and 
motion control (CiA 402). 
For each motion control-
ler (axle) four PDOs (pro-
cess data objects) have to 
be transmitted with a to-
tal of 23 bytes (see Fig-
ure 4 in [4]). With the in-
creased CAN FD data field 
size, there is only one CAN 
FD frame necessary to po-
sition one motion control-
ler. Without further mea-
sures, a time-synchronous 
transmission of informa-
tion is ensured. In addition, 
the total number of bytes 

required for the complete 
transmission is reduced to 
11 bytes, which is a 50-% 
increase in efficiency.

Higher bandwidth for 
electric vehicles
Among the CAN-based sys-
tems in a vehicle, the pow-
ertrain CAN has the high-
est average utilization. This 
is mainly due to the commu-
nication between the motor 
control unit and the trans-
mission control unit. Com-
monly it is used with 500 
kbit/s and has a utilization 
of 50 %.

Especially when it 
comes to electric/hybrid 
vehicles, new powertrain 
concepts demand a much 
higher bit-rate and utiliza-
tion. Motor control unit and 
transmission control unit 
will be replaced by a vehicle 
control unit, DC/DC inverter 
control unit, battery control 
unit, charger control unit, 
and range extender control 
unit. Estimations show that 
by 2025, the expected re-
quired bit-rate will exceed 
the abilities of CAN and re-
quire at least CAN FD (see 

Figure 6 in [1]). Thus CAN 
FD is fit for the next gener-
ation of powertrain require-
ments.

Let’s assume all 
frames are transmitted with 
8 bytes. Due to the control 
information in the frame 
header and trailer, and the 
additional stuff bits, the data 
consumes between 40 % 
and 58 % of the total frame. 
Using CAN FD and data 
frames with 32 bytes, the ef-
ficiency can be improved to 
between 64 % and 84 %. In 
addition, if the nominal bit-
rate stays at 500 kbit/s, and 
a data bit-rate of 4 Mbit/s is 
introduced, the combined 
average bit-rate is approxi-
mately 1,41 Mbit/s. Both ac-
tions result in a reduction 
of network utilization from 
50 % to 11 %. There is no 
need to add further CAN 
networks to handle the uti-
lization problem, but further 
ECUs can be added to ex-
isting CAN networks.

Accelerated  
communication on 
long CAN lines
Articulated busses feature a 
CAN network with a length 
of approximately 20 m. 
Trucks have a frame length 
of approximately 9 m. The 
electronics architecture of 
trucks and busses is stan-
dardized in the SAE J1939 
specification. Part 11 and 
14 both define the phys-
ical layers with a bit-rate 
of 250 kbit/s and a maxi-
mum bus length of 40 m. In 
the last years, several sys-
tems e.g. such ADAS sys-
tems (advanced driver as-
sistance systems) as lane 
departure warning, bird-eye 
view, and brake assist, mi-
grated from the passen-
ger car segment into the 
truck and trailer market. 
This trend demands high-
er bandwidth than J1939 
offers today. J1939-14 was 

Figure 5: With CAN FD, one message is sufficient to position a motion controller

Figure 6: Bit-rate requirements growth estimation for 
electrical vehicles
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standardized to have a  
bit-rate of 500 kbit/s and in-
creased the maximum bus 
length to 56,4 m. With CAN 
FD it is possible to keep the 
nominal bit-rate constant, 
and to increase the data 
bit-rate independent of the 
cable length. If CAN FD is 
used with a nominal bit-rate  
of 250 kbit/s and a data  

bit-rate of 4 Mbit/s, the  
average combined bit-rate 
would be 810 kbit/s. Thus, 
the transfer capacity is  
increased to 324 %.   
              

Figure 7: The nominal bit-rate of J1939 is 250 kbit/s. 
The introduction of CAN FD with a 4-Mbit/s data bit-rate  
would lead to an average bit-rate of 810 kbit/s.

ES592 ES593-D

ES595 ES910

Figure 8: The ES59x and ES9xx series are prepared 
for CAN FD

Figure 9: ES8xx series with the ES890 ECU and bus 
interface module
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PLC manufacturer
Biviator Industrie- 

elektronik is an engineering 
office and a controller 

manufacturer. Coming from 
the watch industry, the 

company has 50 years of 
experience in automation, 
development, production 

and testing of the 
industrial electronics.

Machine builder 
The 65-years Lüscher 

Maschinenbau is  
specialized in 

development and 
manufacturing of  

mechanics and 
electronics for CTP 
(computer-to-plate) 

systems used in offset, 
flexographic, letterpress 

and screen printing  
processes. The port- 

folio includes computer-
to-plate systems and 
automation solutions 

for job, packaging, 
industrial and security 

printing.

Biviator and Lüscher 
Maschinenbau joint-

ly developed the Codesys-
programmable Chimaera 
PLC (programmable log-
ic controller) and HMI (hu-
man machine interface) for 
the Lithoman S offset print-
ing machine. While the en-
gineering process, the PLC 
was extended by a second 
CAN communication circle. 
Additionally, a pixel-clock 
card with a fiber optics in-
terface was included into 
the controller’s housing.

From the basic idea to 
have a cost-effective PLC 
and HMI solution in one de-
vice, the Chimaera Lu750 
controller was developed, 
which is a version of Bivia-
tor‘s customizable Chimae-
ra Embsys adapted to the 
machine manufacturer’s 
requirements. The system 
features a 100-Mbit Ether-
net interface, a file system 
and two USB host ports for 
connection to the PC world. 
For communication in the 

Control panel solution 
for printing machines

field two CANopen NMT 
master channels are pro-
vided. Programming of the 
system is fulfilled using the 
Codesys v. 3 development 
environment, which offers 
object-oriented program-
ming, internal visualization 
and version management 
possibility. Further, diverse 
interfaces, GPIOs (gener-
al-purpose I/Os) and an 
FPGA (field-programmable 
gate array) are available. 
The latter allows hardware-
programming in VHDL (a 
hardware description lan-
guage for integrated cir-
cuits).

The machine may be 
operated via the control-
ler’s touch-screen as well 
as via a web-based visual-
izing tool. The functionality 
of the latter was extended 
to provide a support tool, 
using which a service tech-
nician from Lüscher may 
operate and maintain the 
machine on-site or via Inter-
net from any connected PC. 

Figure 1: The 96-pages roll offset machine Lithoman S with a sheet width of 2,86 m

Figure 3: Chimaera Lu750 
control panel built in a 
housing

Figure 2: Chimaera Lu750 
embedded system board
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face, individual housing and 
form) and software (e.g. 
customized software im-
age) adaptation a copy pro-
tection of the PLC is given.

The different variants 
of the PLC were built into 
the facility by stages. First, 
the plate handling sys-
tem was equipped with the 
Lu750 control panel with 
HMI and PLC functions. 
Next, the control panel ex-
changed the previous-
ly used operator panel for 
the imaging system. Final-
ly, the Lu750 was included 
into the imaging system. In 
addition, a further facility 
was equipped with a low-
cost variant of the control 
panel.

Due to the modular 
concept and availability of 
diverse interfaces, the con-
trol system may be extend-
ed in the future, if further re-
quirements are given. The 
device may also be used 
in other kinds of machines  
e.g. for punching, water 
treatment, watch or textile 
industries.                    

The documentation, pro-
grams and further files may 
be stored directly on the 
PLC by means of the includ-
ed file system or on a server 
via a network access. Thus, 
a back-up image of the sys-
tem’s software may be cre-
ated, downloaded and up-
loaded.

Printing facility
The printing facility consists 
of a plate handling system 
(PHS) and an imaging sys-
tem. The PHS for the roll 
offset machine Lithoman S 
incorporates two plate mag-
azines, which handle up to 
ten different plate formats. 
From there, the plates are 
inserted in one of the two 
imaging systems via a plate 
pickup drum. After imag-
ing the plate is handed over 
for further processing via a 
second internal drum. The 
introduced PLC handles the 
control of the PHS and the 
imaging system. Thanks to 
customer-specific hardware 
(e.g. pixel-clock card inter-

The Chimaera embedded system

Hardware
• Central unit (module): Nvidia Cortex-A9 MP-Core,  
 Tegra2 2 x 1-GHz (option), Marvell ARM Xscale,  
 PXA320 (806 MHz) CPU
• Memory: DDR RAM up to 512 MiB, Flash up to  
 1 GiB, MicroSD card
• Interfaces: 2 CAN, Ethernet (100 Mbit/s), 2 USB  
 (Host), RGB, DVI, HDMI (option), resistive touch,  
 audio, 3 serial COM (option), 2 SPI, I2C, One Wire,  
 address/data bus (option)
• Periphery: Digital I/Os, Analog I/Os, PWM, hard- 
 ware-timer, IRQs, FPGA (co-processor, IP cores),  
 power fail, watch dog and RTC
• Displays: 5,7-inch to 15-inch touch display (option)
• Power supply: Input 24 V; output 1,2 V, 2,5 V, 3,3 V  
 and 5 V

Software
• Operating systems: Windows CE 5, 6, 7, Linux,  
 Android (option)
• Programming: C, C++, C#. Codesys v. 3, Silver- 
 light, VHDL
• Server: HTTP, FTP, Telnet, file server (SMB), mail  
 server; Codesys: OPC server, web server
• Protocols: HTTP, FTP, TCP, UDP, SMB, Telnet;  
 Codesys: CANopen, ModbusTCP
• Database: MySQL 
• Tools: Remote display und BivTools
• Visualizing: Codesys: Web, HMI, target visualizing
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Leibnizstr. 15 · 88250 Weingarten
Tel.: +49-(0)7 51 / 5 61 46-0
Internet: www.ixxat.deYour Partner for CommunicationYour Partner for Communication

The IXXAT IO Modules are
also available as board 
level product or customized
OEM design for easy 
integration into customer
products

Quick and cost effective connection 
of analog and digital IO signals

Up to 16 digital and analog (12 bit 
resolution) inputs and outputs, 
depending on device version

For CAN, CANopen and EtherCAT

Ready to use pre-configured 
devices; optional easy configuration 
via free tools or system controller 

Rugged design for industrial and 
automotive usage 

OEM

Flexible
IO Modules
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Using the tool the  
development and integration  
of the safety-relevant ap-
plications into the existing 
CANopen-based controller 
networks is possible. This 
combination is well suited 
for mobile machines e.g. in 
the construction industry 
where Codesys is already 
broadly applied in control 
systems.

Implementing CANopen 
Safety functionality based 
on Codesys Safety SIL2 al-
lows integration of a num-
ber of already certified I/O 
devices from diverse man-
ufacturers into customer’s 
functionally-safe machine.

The CANopen Safe-
ty protocol stack was de-
veloped in accordance to 
the EN 50325-5 standard. 
It is based on the compa-
ny’s CANopen stack, which 
offers the CANopen NMT 
(network management) 
slave functionality (compli-
ant with the CiA 301 spec-
ification) for communica-
tion with other CANopen 
devices in the network. 
With regard to the architec-
ture, the CANopen Safe-
ty stack is attached on top 
of the standard CANopen 
stack and uses the latter to  
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The CANopen Safety pro-
tocol developed by CAN 

in Automation (CiA), inter-
national users’ and manu-
facturers group, was pub-
lished in 2010 as a Euro-
pean standard EN 50325-
5. The protocol allows for 
safety-relevant data trans-
mission via CAN networks 
according to the IEC 61508 
standard. The German TÜV 
Rheinland has approved the  
protocol for use in systems 
requiring Safety Integrity 
Level 3 (SIL 3).

CANopen Safety with 
Codesys Safety for SIL 2

With Codesys Safety 
SIL2 from 3S-Smart Soft-
ware Solutions, the first in-
tegration of the CANopen 
Safety protocol into an IEC-
61131-3 development envi-
ronment is available. The 
software tool consists of 
two parts. These are the 
Codesys Control runtime 
system certified accord-
ing to the IEC 61508 and 
the Codesys Development  
System, which is an  
IEC-61131-3 programming 
system.

Figure 1: Architecture of the Codesys CANopen Safety stack

Roland Wagner, Ingo Hornberger
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market with the imple- 
mented Codesys CANopen 
Safety stack. Already in 
summer 2013, the con-
troller will be available with 
a proprietary CANopen 
Safety solution. We will 
show the controller solu-
tion at the Bauma 2013 
trade fair in Munich on the  
joint-stand from CAN in  
Automation (CiA).              

relevant solution, the com-
plete CAN communication 
channel is regarded as not 
safe. The CANopen Safe-
ty stack handles all possi-
ble failure scenarios. The 
only safe software parts are  
the CANopen Safety stack 
and a small part of the CAN 
driver.

By means of this TÜV-
certified solution it is pos-
sible to use safety-relevant 
CANopen devices and stan-
dard CANopen NMT slaves 
in the same network. Com-
pliance with both kinds of 
CANopen devices was con-
sidered in the development 
phase.

As the first manufac-
turer, Sensor-Technik Wi-
edemann (Germany) port-
ed the Codesys Safety 
SIL2 to one of its mobile 
controllers. Starting from 
fall 2013, the ESX-3XL will  
be available on the  

receive and to transmit 
PDOs (process data ob-
jects). The implementa-
tion of the CANopen Safe-
ty stack is independent 
from the hardware, which 
means that it can be used 

with potentially any avail-
able CAN chip. For con-
nection, a miniature CAN 
driver is required, which 
is already available for 
most of the CAN chips. For  
realization of a safety- 

Codesys, the IEC 61131-3 compli-
ant runtime system, has been used 
in very different applications. Be-
sides typical industrial machine con-
trol systems and in factory automa-
tion, it has also been implemented in 
mobile machines and other unusual 
applications including train control  
systems.
A typical application is the photo-
voltaic solar-panel production line 
that uses automation equipment by 
Berghof (Germany). The EC1000 
programmable logic controller (PLC) 
running Codesys controls the RStep 
motion controllers via CANopen. 
It also communicates via Ethercat 
with the ET1000 human machine in-
terfaces (HMI), which also features 
the Codesys runtime and program-

ming system. The stepper mo-
tors are configurable by means 

of the Codesys motion function 
block library.

Another example is the Chimae-
ra Lu750 PLC with integrated HMI 

functionality jointly developed by 
Biavator and Lüscher (both Switzer-
land). The IPC (industrial personal 
computer) is programmable using 
the Codesys environment. It con-
trols Lüscher’s CTP (computer to 
plate) devices used in modern print-
ing processes. The panel controller 
manufactured by Biavator provides 
CANopen connectivity.
Sigloch (Germany) specialized in 
machines for binding books and 
brochures use the XC200 controller 
by Eaton (Germany) featuring Cod-
esys. The PLC’s CANopen interface 
is used to connect drives and other 
peripherals.
In mobile automation, Moba (Ger-
many) uses Codesys, for example, 
for its MDS-2000 drilling system, its 
HBM MPC-210 grader control sys-
tems, and its software for aerial 
work platforms. Janz Tec (Germa-
ny) has implemented Codesys in its 
CANopen-connectable PC-based 
controllers, which are applied in the 
Tourmix mobile feed mixing plant by 

Buschhoff (Germany) and in the air-
craft tractor by Trepel (Germany).
In order to give customers access 
to ready-made solutions, 3S-Smart 
Software Solutions (Germany) has 
opened the Codesys store on the In-
ternet. The products offered include 
free-of-charge sample projects, de-
vice description files, utilities, tested 
application libraries, additional visu-
alization elements, and tool plug-ins. 
Beside the products offered directly 
by 3S, the store also offers third-par-
ty products from device manufactur-
ers, system partners or other inde-
pendent providers. From Codesys 
V3.5 ServicePack 2 on, the store 
will also be integrated in the Code-
sys programming system. This en-
ables users to look for suitable soft-
ware add-ons when working in the 
IEC 61131-3 tool. All selected pack-
ages can be installed, licensed and 
rated directly in Codesys, without in-
termediate storage. Moreover, users 
will be informed about available up-
dates for installed software add-ons. 
Unfortunately, there is up to now no 
CANopen additional function avail-
able in the store.

Holger Zeltwanger

http://store.codesys.com

Soft-PLC in applications

The Moba Operand is programma-
ble with the Codesys software and 
provides CANopen connectivity

Figure 2: Mixed usage of standard and safety-relevant 
CANopen NMT slaves in a Codesys project
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Introduction
This article shows 

how CANopen EECs 
(emergency error codes) 

can be described 
in EDS (electronic 

data sheet) and DCF 
(device configuration 

file) files and how EEC 
abstractions can be 

generated automatically 
for IEC 61131-3 

programmable devices 
from a CANopen project. 

This work should also 
help defining the EEC 
decoding information 
into XML-format XDD 
and XDC files, which 

will replace the current 
EDS and DCF files 
and provide some 

enhancements.

Current CANopen de-
sign files do not sup-

port EECs (emergency er-
ror codes) with their human 
readable descriptions. This 
feature has become more 
problematic because of ab-
straction to parameters and 
signals. The system struc-
ture has become automated 
and proven way of working 
[6] [7]. Manual EEC man-
agement is decreasing the 
development efficiency be-
cause it is time-consum-
ing and prone to inconsis-
tent codes. These design 
projects are iterative and ef-
fort is wasted on each cy-
cle of each project by man-
aging EECs manually. De-
scriptions shall be uniform-
ly defined for both produc-
ers and consumers.

This article shows how 
CANopen EECs (emergen-
cy error codes) can be de-
scribed in EDS (electronic 
data sheet) and DCF (de-
vice configuration file) files 
and how EEC abstrac-
tions can be generated au-
tomatically for IEC 61131-
3 programmable devices 
from a CANopen project. 
CANopen design files con-
tain device version informa-
tion that enables to man-
age version-specific EECs. 
Codes are defined as glob-
al constants for emergency 
(EMCY) producers and a 
decoding function is gener-
ated for EMCY consumers. 
Centralized management 
enables definition of each 
code once in the producer’s 
EDS file and unlimited re-
use of the codes.

The work made for 
this article is communicat-
ed to CiA TF (task force) 
XML to help defining the 

Experimental CANopen 
EEC management

Dr. Heikki Saha

EEC decoding information 
into XML format XDD and 
XDC files [2], which will re-
place the current EDS and 
DCF files and provide some 
enhancements. Due to the 
standardized CANopen in-
terfaces [3], EEC manage-
ment is demonstrated with 
devices programmable in 
IEC 61131-3 structured text 
(ST), but programming lan-
guage is not limited to it.

Source information
CANopen project is the 
source of information for all 
system integration informa-
tion, including error codes 
with multilingual descrip-
tions. Nodelist.cpj list the 
DCF files of each device in 
a project. Widely support-
ed DCF and node list files 
are used in the experiments 
to enable the evaluation of 
EEC management in exist-
ing projects, where tool in-
tegration is used.

Standard entries ex-
ist for target position spe-
cific-information. Node-ID 
of each device is required 
in decoding because EECs 
with overlapping descrip-
tions are not systemati-
cally prevented by CAN in 
Automation (CiA). Network-
Name is used as a part of 
the export file name to sup-
port devices with multiple 

CANopen interfaces. Net-
Number is future reserva-
tion for remote EMCY de-
coding. An excerpt from a 
DCF file containing Device-
Commissioning section is 
presented in Figure 1.

Experimental entries 
defining emergency er-
ror codes have been add-
ed to current EDS and DCF 
files to enable to prove the 
concept in real projects 
[1]. Multiple languages can 
be supported for code de-
scriptions. Same language 
codes with XDD and XDC 
are supported [2] [4] [5]. The 
experimental extensions 
presented in Figure 2, are 
proposed as a part of the fu-
ture XDD and XDC files [2].

Entries NrOfLang and 
LangN can be used in de-
termining the languages 
supported by EDS or DCF 
file. CodeN is a key for 
each EEC. Missing descrip-
tions can be determined, 
when the language is sup-
ported for e.g. description 
in en-usN for code CodeN 
is missing. Number of sup-
ported codes is defined 
in NrOfCode. Entry La-
belN is used as a name of 
a generated EEC constant 
for application-program-
mable EMCY producer. A 
short label needs to be en-
tered manually because au-
tomatic name generation 

Figure 1: Example device commissioning section of a  
DCF file
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from description may re-
sult in ambiguous constant 
names. Comparable addi-
tional short labels are also 
defined in object attribute 
Denotation for remotely ac-
cessed parameters [7].

Producer abstraction
Abstraction for EMCY pro-
ducer is just a section of 
global constants, which is 
included in the same ex-
port with local parameter 
and signal abstractions [7]. 
Constant definitions are lo-
cated under section Glob-
al_EEC_<NetworkName>. 
Naming convention <Net 
workName>_<LabelN> is 
used for constant names to 
support unique names for 
multiple network interfaces 
of a device. Constants can 
be used directly as EEC in-
puts for EMCY producer 
function block [3]. Short la-

bels are needed because 
network name is added to 
the constant names and 
because of limited number 
of significant characters in 
variable names. Source file 
and conversion time are in-
cluded as a comment line. 
An example abstraction for 
EMCY producer is shown in 
Figure 3.

Collecting  
information
This section describes the 
phases of the error code 
and description collec-
tion process. The program 
structure is designed to en-
able further support of next 
generation XML format in-
put [2] and output files [8] 
and integration into part of 
existing export tool [7].

Project file type is de-
tected first. In addition to 
the standard nodelist.cpj 

project file, also a tool-spe-
cific nodelist.pco is sup-
ported. The automatic de-
tection function first tries 
to access the standard file 
and if it is not found, it tries 
to read the proprietary file. It 
is assumed that the project 
files are located in the same 
folder with the DCF files of 
the project.

Project file parse func-
tions are implemented in 
both supported formats. 
Those functions read the 
paths of the project’s DCF 
files. Nodelist.cpj lists DCF 
names without path and 
project path is added by 
the parse function. Abso-
lute project path is used for 
DCFs in nodelist.pco and 
those paths are replaced 
with current project path to 
avoid a need for additional 
changes if project files are 
moved from one folder to 
another.

Information of nodes 
is read next. The values of 
standard entries Node-ID 
and NetworkName are used 
for producer identification. 
The experimental section 
is used for code to descrip-
tion mapping in specified 
language. Collection sup-
ports multiple languages 
and warnings are generat-
ed if the specified language 
is not supported or if a miss-
ing description is found for 
a code.

Information filtering 
and sorting follows pars-
ing. If there are different 
descriptions for the same 
code used by different 
nodes, several decoding 
lists will be used. Filter func-
tion combines the non-over-

Figure 2: Example EEC description section for EDS and 
DCF files

Figure 3: Example EEC abstraction for EMCY producer as Codesys 2.x export format
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lapping code – description 
value pairs and separates 
overlapping information into 
separate lists. If a second 
node introduces overlap-
ping codes, all of its codes 
are stored into another de-
coding list.

Codes are sorted be-
fore exporting the decoding 
function. Ascending order 
of the EECs is used. Sort-
ing may not be mandatory, 
but sorted codes in the de-
coding function help read-
ing and possible trouble-
shooting.

Decoding function is 
generated in Codesys 2.x 
export file format as a last 
phase. Current output for-
mat is presented in details 
in section “error code de-
coding” of this article. The 
file output function is isolat-
ed so that PLCopen XML in-
formation transfer format [8] 
support may be added later 
on as an option.

Executing the  
generator
Figure 4 presents an ex-
ample of typical execution 
of the generator with re-
quired command-line op-
tions. First option indicates 
the path of the CANopen 
project – a folder, where ei-
ther nodelist.cpj or nodel-
ist.pco exists. Language 
selection for decoded code 
descriptions is selected by 
the second option. Sup-
ported language codes 
are adopted from XDD and 
XDC specification. Due to 
the DCF path replacement, 
dcf2emcy.py can read any 
CANopen project after fold-
er changes and without any 
modifications to the project 
files.

Typically dcf2emcy.py 
is called from make-proce-
dure or comparable batch 
execution mechanism of a 
project. Lines 7 to 8 indi-
cate that two decoding lists 
were generated because of 
overlapping EECs. Output 
files are named as <Net-
workName> _ Language>.
exp to enable the export 
of multiple language pack-
ets in the same batch. 
Target file example in  
Figure 5 is HIT_MAIN_en-
us.exp resulting from the 
conversion presented in 
Figure 4. 

Error code decoding
Error codes are decoded by 
a simple function. The ex-

ample in Figure 5 presents 
how EECs produced by dif-
ferent node groups can be 
decoded differently. Inside 
the CASE-clauses, codes 
are sorted into ascending 
order based on the code 
values. EECs that are un-
known or from undefined 
nodes are shown just as a 
raw decimal code values. 
Comment in line 1 indicates 
that the function is imported 
under NMT master group 
of project program organi-
zation units (POU). Com-
ment in line 10 documents, 
from which file and when 
the information is exported. 
There is network-ID includ-
ed at the end of the com-
ment line to enable combin-
ing multiple decoding func-
tions in the future.

Decoding function 
takes two arguments de-
clared in lines 4 to 5 – pro-
ducer node-ID and EEC of 
an event. CASE structures 
are used to keep the imple-
mentation simple. First, list 
size in bytes is limited in the 
PLCs, which would intro-
duce problematic limits with 
list of visible strings. Sec-
ond, code value range is 

large and only some codes 
are used – with lists, most 
of the items were unused 
but still reserving memory 
space.

Two levels are re-
quired, because differ-
ent devices can use same 
codes differently. The outer 
CASE structure determines, 
which decoding list is used 
and for which nodes. The 
inner CASE structures in 
lines 13 to 44 and 46 to 65 
decode the given EECs into 
corresponding descriptions. 
Due to the memory con-
straints of target device cat-
egory, language selection 
is made during the design 
time, before compilation. 
For other kind of targets, 
run-time language selection 
may be used by e.g. adding 
one CASE level more for 
language selection.

Example event list uti-
lizing an exported decod-
ing list is presented in Fig-
ure 6. The example has 
been implemented in IEC 
61131-3 programmable dis-
play. Event information is 
retrieved directly from stan-
dard CANopen EMCY con-
sumer. Producer node 

Figure 4: Example console screenshot of generating EEC 
decoding function for EMCY consumer

Figure 5: Example device commissioning section of a DCF file

<
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names are retrieved from 
information exported for 
heartbeat consumer.

Results and outlook
When EEC decoding 

information is described al-
ready in EDS files, signifi-
cant time saving is achieved. 
EEC decoding information 
collecting in single design 
iteration cycle cannot be im-
proved, because support-
ed codes with descriptions 
need to be searched from 
written manuals. Moreover, 
version management can 
be achieved for free, be-
cause EDS files include 
mandatory device version 
information. If same infor-
mation were managed e.g. 
in spreadsheet, versions 
and languages still need to 
be managed manually. With 
e.g. spreadsheets, stan-
dardized links from device 
manufacturers to system in-
tegration and from system 
integration to software de-
velopment are missing.

In the example project 
consisting of four types of 
devices with eleven codes 
in average, collection work 
from written manuals took 
approximately three work 
hours. Only English de-
scriptions were included in 
manuals and Finnish de-
scriptions were translated. 
After including the codes 
in an EDS file, they are us-
able in all projects using the 
same component. Execu-

tion time of the experimen-
tal collection routine is ap-
proximately 1 to 5 seconds, 
depending on the size and 
complexity of the project 
and the number of output 
languages. Execution can 
be linked as an integral part 
of the make process. Ab-
stractions for EMCY pro-
ducers are included as part 
of local interface export [6] 
[7]. The most significant re-
sult is that inconsistencies 
in EECs between produc-
ers and consumers were to-
tally avoided despite of sev-
eral revision cycles in each 
project.

Future work will con-
centrate on system-wide 
combining of EECs to sup-
port also remote EMCY 
decoding. It is already 
prepared by naming con-
ventions. Also network 
number in parentheses at 
the end of comment line 
of the export supports fu-
ture merging of the decod-
ing functions. Other future 
area of interest is an op-
tion for producing multilin-
gual decoding function. Fi-
nal integration into current 
export tool may be per-
formed after solving the 
system level collection. 
When EECs are included 
into EDS files, CANopen 
system design tools can im-
prove troubleshooting by 
generating communication 
databases (DBC) with EEC 
decoding for CAN analyzer  
programs.                       

Figure 6: Example screenshot of event list with decoded 
codes in en-us

®

www.systec-electronic.com
phone: +49 3661 6279-0 ı info@systec-electronic.com

• System on Modules

• CANopen Protocol Stacks

• CAN Interfaces

• Automation ComponentsP
R

O
D

U
C

T
S

CUSTOMIZED CUSTOMIZED CUSTOMIZED CUSTOMIZED CUSTOMIZED CUSTOMIZED CUSTOMIZED CUSTOMIZED 
PRODUCT PRODUCT 
DESIGN&&

• Consulting and 
Training

• Assembly and 
Volume Production

• Project Specifi cation • Prototyping
• Hardware and 

Software Development 
• OEM Integration 

Services

Services that cover the complete product design process

IEC 61131

Bringing your idea to life.

Volume 
Production

Consulting
Design

Prototyping

Mobile Off-Road Machinery 

Railway

Functional Safety

Meet us at Hall 4 / Booth 513



Company
Schildknecht AG

Haugweg 26
DE-71711 Murr

Tel.: +49-7144-89718-0
Fax: +49-7144-89718-29
office@schildknecht.ag

Link
www.schildknecht.ag

The Dataeagle 6000 by 
Schildknecht (Germa-

ny) is a device, which may 
substitute the cables in 
CAN networks. It is able 
to transfer CAN messages 
on the data link layer (ISO/
OSI layer 2) in a bidirection-
al manner. Therefore, the 
data transmission does not 
depend on the used high-
er-layer protocol. The CAN 
messages are received, 
checked and acknowledged 
by the device. Then, these 
are forwarded to one (point-
to-point) or several (multi-
ple-point) receiving devic-
es via a radio link. To re-
lieve the radio link, a white-
list containing the CAN-IDs 
of the transmitted messag-
es may be created. A direct 
modulation of the CAN sig-
nals via the radio link is not 
possible. The device sup-
ports bit-rates of 10 kbit/s, 
20 kbit/s, 50 kbit/s, 125 
kbit/s, 250 kbit/s, and 500 
kbit/s. Transmission of the 
11-bit and 29-bit CAN-IDs 
(identifiers) is possible. The 
radio unit comprises the 
technique for transmission 
via short distances e.g. via 

CAN data transmission 
via a radio link

Bluetooth (up to 500 m) and 
long distances via an 869-
MHz (up to 3 km) link. The 
latency time (caused by ra-
dio transmission) of a Da-
taeagle device delays the 
signal transmission by ca. 
2 ms.

The CAN-connectible 
Dataeagle 2000 version is 

also available from the com-
pany. This does not transmit 
the messages in a 1:1 man-
ner but extracts the data 
content of a CAN message 
and sends it to the anoth-
er Dataeagle 2000 device 
(receiving partner). The re-
ceiving partner may also 
provide another network in-

Figure 1: DE 6000 used with a CAN module by Helmholz 
on a S7 PLC

Figure 2: DE 6000 with a controller of Bernecker + Rainer 
coupled to a S7 PLC
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Figure 4: Multiple-point connection

Figure 3: Point-to-point connection

44 CAN Newsletter 1/2013

A
pp

lic
at

io
n



to-machine) applications. 
Beside the data transmis-
sion it enables data storing 
in the cloud and also mes-
sage transmission to the 
smartphones via Twitter. For 
the latter function the appro-
priate input of the PLC has 
to be activated. 

Olga Fischer

less link. The PLC is from 
Bernecker + Rainer. It uses 
CAN for internal communi-
cation and the DE 6000 for 
the radio transmission. The 
latter transparently trans-
mits data via a 2,4-GHz 
Bluetooth connection every 
20 ms from a master leg to 
the three slave legs. There-
by, the current leg positions 
are permanently exchanged 
and supervised. This shall 
be done to avoid the shift-
ing of the load. Former, 
without this safety function, 
severe accidents and dam-
ages to persons were hap-
pened. Since several years, 
the Bluetooth transmis-
sion has proven to be non-
sensitive to disturbances if 
compared with the WLAN, 
Zigbee, Nanonet or DECT 
wireless technologies. Fig-
ure 6 shows a lifting facili-
ty used in Russia. The sys-
tem heaves and moves 
tones of loads. Such sys-
tems are applied for raising 
the tall loads, because no 
crane may be used in these 
cases. For raising tasks two 
legs and for transportation 
tasks four legs of the sys-
tem are used and synchro-
nized.

For M2M applications
The Dataeagle 7000, which 
can also be delivered with 
a CAN interface, was de-
signed for M2M (machine-

terfaces such as Profibus 
DP, Profinet, and Modbus. 
Thus, the unit works as a 
protocol converter via a ra-
dio transmission. For exam-
ple, by means of the unit, 
information from a Profinet-
capable S7 PLC (program-
mable logic controller) by 
Siemens (Germany) may 
be transferred to a CAN-
capable PLC by Berneck-
er + Rainer (Austria) via a 
wireless link. Different ra-
dio transmission technolo-
gies are possible. The link-
ing is independent of the 
transmission technology. 
The common memory area 
is transmitted. The compact 
version of the unit (DE 2000 
compact) provides 18 digital 

I/Os, six analog inputs (0 V 
to 10 V) and six analog out-
puts (0 V to 10 V).

Lifting device for 
heavy loads
The CAN-connected Da-
taeagle 6000 (DE 6000) 
was used in a heavy-load 
lifting facility from the Ger-
man lifting system manu-
facturer Krah. The incorpo-
rated electronics was de-
veloped by E.R.S (Germa-
ny). The facility is able to 
lift, position and move loads 
weighting several tons. 
Therefore, four independent 
legs (each equipped with 
a PLC) are controlled and 
synchronized via a wire-

Figure 5: Lifting device for heavy loads

Figure 6: Lifting facility applied in Russia

Figure 7: Electric control cabinet for a leg of the lifting facility
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Consistently growing de-
mand for transportation 

services and increasing re-
quirements to travel speed 
and comfort entail the need 
to improve quality of rail-
way tracks. To meet these 
demands it is necessary 
to design machinery that is 
able to perform their tasks 
with the top efficiency with 
consideration to enhanced 
quality standards. The ex-
ample of such a machine 

CAN-based distributed control 
of a breakstone cleaner

Krzysztof Szczeciak

is the OT84 breakstone 
cleaner designed and con-
structed by ZPS from Star-
gard Szczeciński (Poland) 
in collaboration with Bosch 
Rexroth (Poland).

The breakstone clean-
er is a vehicle (railroad ma-
chine) that is provided with 
hydraulic drives and dedi-
cated to perform operations 
including picking up, clean-
ing and initial spreading of 
the breakstone located be-

neath the machine. The 
surveying facilities make 
it possible to lay the track 
subgrade with required 
slopes.

The machine subas-
semblies enable to carry 
out the full operation cycle: 
the hoist lifts the track and 
the chain drags the break-
stone out from beneath. 
Upon having the break-
stone cleaned it is trans-
ferred and spread on the 
track subgrade by means of 
dedicated conveyers. The 
machine is also provided 
with a traction drive. When 
the machine is running the 
lifting and shifting mecha-
nisms raise the entire track 
up together with sleepers. 
Next the chain is attached 
and the moving chain pulls 
breakstone away from be-
low the track and transfers 
it to the cleaning screen. Af-
ter cleaning the dedicated 
conveyers transfer already 
treated breakstone back to 
the space below the track, 
whilst contaminations are 
disposed to dedicated cars 
pulled behind the machine.

The OT-84 breakstone cleaner with the train set

Figure 1: The OT84 breakstone cleaner scheme (Source: 
ZPS Sp. z o.o.)

Author
Krzysztof Szczeciak

Bosch Rexroth SP z.o.o.
ul. Jutrzenki 102-104

PL-02-230 Warszawa
Tel.: +48-22-73818-47
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Company background
Bosch Rexroth, a part 
of the Bosch Group, is 
a specialist in the field 

of drive and control 
technologies and is 
a partner for mobile 

applications, machinery 
applications and 

engineering, factory 
automation and renewable 

energies. It develops, 
produces, and sells 

components and 
  systems in over 80 

countries.
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breakstone collection and 
final spreading. Operation 
of the belt conveyors and 
the screen as well as travel-
ing of the machine is partly 
automated. The conveyors 
and the screen start auto-
matically with speed con-
trol. Also the slope angle 
of the screen can be posi-
tioned to achieve the most 
efficient operation of that 
unit. The traveling speed 
during the machine opera-
tion is automatically adjust-
ed to the chain resistance. 

The control system

To enable smooth and reli-
able execution of these op-
erations the machine is pro-
vided with the Bodas distrib-
uted control system. Each 
of aforementioned subas-
semblies has its separat-
ed controller that handles 
associated components of 
the control system (sen-
sors, actuators, output sig-
nals and solenoid hydraulic 
valves). The machine com-
prises four controllers of 
the RC8-8/22 type (for trac-
tion units, conveyers, chain 
and screen) as well as the 
RC36-20/30 controller. All 
controllers communicate 
with each other via the CAN 
network and exchange the 
most important data, includ-
ing values of process and 
control variables as well as 
information about distur-
bances. The RC36-20/30 
controller acts as the net-
work master unit to moni-
tor and supervise operation 
of other slave controllers. It 
is also responsible for the 
tasks related to handling 
communication interfaces 
(displays, joysticks, actua-
tors, output signals and RF 
controllers). In addition, it 
controls auxiliary hydraulic 
functions, such as air condi-
tioning, lighting and others. 
Nevertheless the control 
system acts as the whole 
integrity of five controllers, 
each individual unit has 
been designed to perform 
its functions independently 
as an autonomous device, 

even if installed on another 
machine.

The control system 
supervises and manag-
es operation of the entire 
machine and helps the op-
erator out in performing 
many jobs. Its advanced 
feature is automated control 
of the chain slope and depth 
to achieve proper embank-
ment shape (see Figure 7). 
Owing to automation of the 
basic tasks the operator is 
capable to focus his atten-
tion on the process of the 

Figure 2: Applied DI3 
display

The OT84 breakstone cleaner in figures

Machine length: 27 m
Machine weight: 105 t
Power: 900 HP
Maximum speed: 80 km/h
Number of handled inputs: 243 of that 36 proportional inputs 
Number of handled outputs: 111 of that 51 proportional outputs 
Number of controllers: 5
Number of hydraulic pilot valves with CAN interface (EPM2): 39
Number of independent CAN paths: 7
Number of displays: 5
Number of CAN I/O modules: 5
Number of inclinometers wit the CAN ports: 5
Number of measurement lines with CAN interfaces: 4
Modules of RF remote control: 2 (few dozens of binary inputs per each)

Figure 3: The 36-20/30 
master controller

Figure 4: Pilot valve with 
CAN interface 

Figure 5: Joysticks with 
CAN ports

Figure 6: Display in the operator’s cabin (basic screen)

Figure 7: Display in the operator’s cabin (screen for chain 
leveling)
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At any moment the opera-
tor is capable, if needed, to 
switch the machine over to 
the manual mode of opera-
tion. The electronic control 
system enables to monitor 
operation of the driving and 
traveling systems as well as 
to react to disturbances and 
errors. All the foregoing fea-
tures guarantee the most ef-
ficient working conditions as 
well as safe operation of the 
machine over a prolonged 
lifetime.

CAN interconnection
Another crucial component 
within the control system is 
the CAN network that en-
ables transmission of digital 
information between indi-
vidual controllers as well as 
between controllers and pe-
ripheral devices. The break-
stone cleaner incorporates 
as many as 69 devices with 
the CAN ports, including 
controllers, 58 I/O modules 
and five displays. Applica-
tion of the CAN system was 
imposed by the need to ful-
fill requirements of the man-
ufacturer with the aim to re-
duce cable interconnec-
tions between huge num-
ber of measuring devices 
and actuators. The control 
system based on the CAN 
architecture proved more 
compact in size and trans-
parent in design. The next 
requirement was elimina-
tion of control reliability by 
elimination of interferenc-
es on long electric lines run-
ning down the machine.

The CAN network us-
age makes the system sca-
leable as it can be enhanced 
with additional components 
such as sensors, actuators, 
recorders,   communication 
modules, and GSM/GPS 
units. It also enables distrib-
uted control (field-bus con-
trollers are located close to 
measuring instruments and 
controlled devices). In order 
to handle all the system de-
vices, seven separate com-
munication paths were set 
up and routed in such a way 
that even in case of a fault 
on a single line the machine 
is kept operable.                

Conclusion
Application of the 
control system from 
Bosch Rexroth 
substantially  
simplified and 
accelerated operation 
of the breakstone 
cleaner machine 
(with simultaneous 
prolongation of its 
lifetime). It also 
improved safety of the 
machine operation and 
saved space that is 
occupied by drives and 
control units.

C M Y CM MY CY CMY K
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Introduction
Eco Solar Breizh 

association has taken a 
step forward to develop a 

solar car. The solar 
car will either extract 
the energy from the 

sun or from the kinetic 
energy of the vehicle. 

CAN networking is 
used for car’s internal 

communication reduces 
the wiring inside the 

vehicle.

Eco Solar Breizh asso-
ciation currently devel-

ops a car to participate in 
the World Solar Challenge, 
which consists of cruising 
in Australia from north to 
south with a vehicle driv-
en by energy that must ei-
ther come from the sun or 
must be recovered from the 
kinetic energy of the vehicle 
itself.

Difficulty for the as-
sociation in this quest is 
to choose the appropriate 
semiconductor offer to man-
age energy in the racing car 
from solar panel energy 
and battery management 
to motor drive, calculations 
and communication. Rene-
sas Electronics Europe is 
currently providing a wide 
range of solutions cover-
ing low-power and stand-
by modes (e.g. the Snooze 
mode) on the low-end 16-
bit RL78 micro-controller 
(MCU) up to the enhanced 
32-bit RX device. The com-
pany offers a large number 

Solar vehicle uses CAN for 
internal communication

Sébastien Walger

of application notes, soft-
ware examples, documen-
tation and the information 
exchange by Renesas de-
velopers’ community. This 
should ease the implemen-
tation of the MCUs for the 
developers.

There are several 
technical constraints for the 
development team. For ex-
ample, the carbon structure 
of the chassis does not al-
low wireless communica-
tion. This is why the choice 
has been made to allow 
multiple back-up solutions 
for each task or system. To 
cite an example, the man-
to-machine interface for 
the driver is possible via a 
smartphone with Android 
operating system spreading 
multiple information such 
as speed, battery level, etc. 
and enabling lights con-
trol. In parallel, direct com-
mand of lights via buttons 
has been taken in consider-
ation during the main elec-
tronic calculator develop-

ment phase. In addition, the 
size and weights limits are 
important parameters to be 
taken under consideration. 
A heavier vehicle would 
have worse acceleration, 
braking, cornering and en-
ergy efficiency. The devel-
opment was also focused 
on the limited available en-
ergy. For example, the on-
board vehicle battery has 
a limited amount of energy, 
while the solar cells gener-
ate a limited amount of pow-
er. On top of that, the race 
environment is harsh. The 
vehicle has to withstand vi-
brations and high tempera-
tures that limit the power, 
which can be used.

CAN networking
Today, the development 
team is mainly focused on 
the electronic architecture, 
especially the implemen-
tation of the CAN network, 
which will permit to trans-
mit crucial information to the 

Figure 1: The solar vehicle
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speed, engine load (elec-
trical BLDC motor), cur-
rent through the battery, 
and current in each motor. 
A lot of the information is 
received by the driver via 
CAN and is displayed on 
a touch pad. The commu-
nication between the main 
computer (Renesas RX) 
and the Android tablet is to-
day fulfilled via Bluetooth. 
The development team is 
also working on a back-up 
solution to implement USB 
connectivity, which allows 
charging of tablet batteries.

Modular electronic 
board
The R8C 16-bit micro-con-
troller offers the functional-
ities needed to develop a 
modular and adaptive elec-
tronic board able to manage 
different actions. For exam-
ple, it can measure temper-
atures (batteries and pho-
tovoltaic boards), get sim-
ple signals, control the so-
lar vehicle lights, and man-

pilot. The use of CAN is ex-
plained by the fact of having 
a single communication net-
work inside the vehicle. The 
advantages include a signif-
icant reduction of the wiring 
inside the vehicle, modular-
ity and easy replacement of 
electronic boards. Usage 
of CAN also increases the 
security of the information 
that is exchanged using the 

voltage-difference-based 
transmission. CAN network 
structure allows having flex-
ibility in the car develop-
ment. Interest in terms of im-
age is not negligible either, 
since CAN is broadly used 
in the automotive domain 
and illustrates the idea that 
the solar vehicle could be a 
”real” car. Implementation of 
Renesas’ devices into the 

vehicle was done jointly with 
the local application engi-
neers from the company.

Data transmitted to 
the pilot
The main measurements 
transmitted on the CAN in-
clude e.g. currents and 
temperatures of the pho-
tovoltaic panels, vehicle 

Figure 2: Solar vehicle block diagam

Figure 3: CAN network structure in the vehicle

51CAN Newsletter 1/2013

A
pp

lic
at

io
n



use allowing signals and 
data treatment or calcula-
tion. Main peripherals used 
in the developed system are 
CAN, UART, USB, timers 
and SD card interface. As 
described previously, the 
CAN is used for the com-
munication between the 
main calculator and the dif-
ferent R8C modular boards, 
the DC/DC-Boost maximum 

age communication. These 
actions depend on where 
the team wants to setup this 
modular board into the so-
lar vehicle. The device pro-
vides an on-board 10-bit 
A/D converter, data Flash, 
multiple timers and a CAN 
interface. The connected 
electronic boards are con-
trolled by the main calcula-
tor (Renesas RX) via CAN. 
This functionality permits to 
reprogram the entire elec-
tronic system using the 
main calculator. To devel-
op these electronic boards, 
Renesas also provided to 
the association such devic-
es as micro-controllers, op-
to-couplers, and Mosfets.

Main calculator
As main calculator in the 
vehicle, the 32-bit RX mi-
cro-controller offers a good 
compromise between per-

formance and current con-
sumption. The architecture 
delivers 1,65 DMIPS/MHz 
with FPU (floating point unit) 
and DSP (digital signal pro-
cessing) features, which al-
low performing up to 165 
MIPS with a 50-mA cur-
rent consumption at high-
est CPU clock frequency. 
The micro-controller is de-
signed for power-efficient 

Figure 6: Vehicle modeling and simulation

Figure 5: Vehicle conception includes such developments 
as motor control

Figure 4: Modular electronic board architecture

Developer
The aim of the Eco 

Solar Breizh association 
(France) is to compete 

in international solar-
powered car races. The 

association is composed 
of private companies, 
academic institutions 

and volunteers. The first 
objective is to participate 

in the 2013 World Solar 
Challenge in Australia.

Development status
Today, the vehicle 

prototype is 
mechanically assembled 

in Brittany (France). 
The carbon structure 

is mainly finished. 
The solar panels 

are assembled and 
mounted. Specific 

batteries are currently 
under production. The 
motor control system 
is under benchmark 

testing, including 
mechanical aspects 

and electronic controller 
tuning. Innovation and 
research drive unified 

the development team. 
Since the beginning 

of the project in 2010, 
more than 75 students 

have participated in 
various developments, 

supervised by university 
graduates and industrial 

partners such as 
Renesas Electronics.

Related articles
B. Westhoff, 

CAN is easy to use!; 
in CAN Newsletter, 

September 2012
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has been implemented to 
measure the values of con-
straint sensors, which mea-
sure physical forces applied 
on the structure. In this sys-
tem conception, there is no 
battery and the only source 
of energy is the mechanical 
vibration of the suspension. 
The MCU current consump-
tion (combining snooze and 
active modes) is low enough 
to create such an autono-
mous system. The measure-
ments of the constraint sen-
sors (with 10-bit resolution 
after A/D conversion) are 
triggered every second by 
the RTC without the need to 
wake up the CPU. Then, it 
compares the digitized value 
with the upper and lower lim-
it pre-established in two writ-
able registers. In this vehicle 
example, the configuration 
is made to wake-up the CPU 
only if the ADC result is out-
side of these limits. As a re-
sult, it achieves 10 % of the 
power consumption com-
pared with using of standard 
topology in the Run mode. 
For example, in the Snooze 
mode the device consumes 
0,5 mA versus 5 mA in the 
Run mode (using ADC). The 
MCU is able to run at 1,6 V 
to 5,5 V and to fulfill A/D con-
version at 1,6 V. This allows 
the RL78-based subsys-
tems to run on very low har-
vested voltages. An inter-
nal analog reference voltage 
(1,4 V) allowing getting mea-
sures independent from the 
supply voltage, is available 
as well. RL78 also includes 
a temperature sensor used 
by the development team to 
record ambient temperature  
values.                                

power point tracker (MPPT) 
and the two electrical motor 
controllers. CAN messag-
es received from each pe-
ripheral board can be dis-
played by the main control-
ler on a terminal via the EIA-
232 interface in case of ve-
hicle debug tests. The tim-
ers are used to synchro-
nize the sending of data to 
a smartphone via Bluetooth 
and also to trigger data re-
cording into a data logger. 
The entire measurements 
are stored on an SD card, 
which allows analyzing re-
corded vehicle data after 
the tests and the race.

MCU for energy  
harvesting
Regarding specific sen-
sors and information man-
agement, constraints in cur-
rent consumption oblige the 
team to employ the low-
power RL78 micro-control-
ler to be capable to devel-
op autonomous systems 
using energy harvesting in 
the vehicle. On this subject, 
development is confiden-
tial and ongoing, but only 
possible with the RL78 us-
ing the Snooze mode, in-
troduced by the chipmaker. 
With this feature, the MCU 
can be set up to accept a 
periodic A/D conversion or 
a serial port reception, while 
keeping the CPU in stand-
by mode. This lowers the 
overall battery current drain. 
In case of energy harvest-
ing, this capability allows to 
analyze or store measure-
ments using vehicle’s kinet-
ic energy. In the suspension 
conception, the RL78G13 

Figure 7: Several student groups are developing the project
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Introduction
Besides the other  

fieldbus systems, CAN 
is very popular among 

the manufacturers of 
frequency converters 
and servo controllers. 

The CANopen protocol 
with the available device 

profiles, such as the 
CiA 402 for drives and 
motion control, permits 
a flexible integration of 
drives for these tasks. 

The CAN-enabled 
gateway modules of 

Systeme Helmholz allow 
to control the CANopen 
drives from the S7 PLC 

(programmable logic 
controller) by Siemens.

CAN was originally de-
veloped to reduce ca-

ble looms in vehicles. Once 
semiconductor manufactur-
ers started developing in-
terface modules and mi-
cro-controllers, the system 
soon became established 
outside automotive applica-
tions. Thanks to the flexibil-
ity of CAN, special higher-
layer protocols have been 
developed for different ap-
plications. The CANopen 
protocol is the de facto stan-
dard in factory and process 
automation. The CANopen 
specifications developed 
and maintained by CAN in 
Automation (CiA) not only 
define the basic commu-
nication protocols but also 
a number of profiles for di-
verse devices and applica-
tions.

Drive control
A typical application area for 
CANopen is drive control. 
The CiA 402 device profile 
for drives and motion con-
trol specifies the CANopen 

PLC controls CANopen drives 
via gateway

Dietmar Buxbaum

communication interface 
for such devices. As the 
CANopen protocol uses 
CAN for the physical trans-
mission, it allows not only 
master-slave communica-
tion architectures. It permits 
communication at the level 
of process data (PDO: pro-
cess data objects), which 
are exchanged individual-
ly if required. The exchange 
of process data can either 
be triggered by a particular 
event (event-triggered), af-
ter a certain time (time-trig-
gered), or by a global syn-
chronization pulse (Sync 
triggered). This reduces 
overheads and response 
times on the CAN network. 
Synchronized process data 
exchange permits synchro-
nous closed-loop control of 
several drives. Only those 
process data are imple-
mented and exchanged that 
are required for the current 
application. If, for example, 
a drive is moved to a partic-
ular position, only the set-
point and actual position as 
well as the command and 

status information are ex-
changed with the PLC. In 
this operating mode other 
data is not necessary to be 
transferred.

Besides the process 
data communication used 
in cyclic operation, it is also 
possible to set individu-
al parameters. The SDO 
(service data object) trans-
mission is used for this 
purpose. All available pa-
rameters (called objects) of 
a CANopen device can be 
read or written by this trans-
mission method. The full list 
of objects of a CANopen de-
vice, also called object dic-
tionary, is usually listed in 
the manual of the device. 
The object dictionary can 
be accessed at any time, 
even in cyclic process oper-
ation. The CANopen speci-
fications define the objects 
and their features required 
for diverse devices and ap-
plications. The CiA 402 
CANopen profile defines 
parameters and closed-
loop control sequences for 
such standard applications 
as e.g. positioning, speed 
control, homing, and torque 
control. The specification 
also offers extension pos-
sibility for special functions 
and vendor-specific addi-
tions.

CAN products
The CAN product range of 
the automation specialist 
allows connection of CAN-
based devices directly to 
the S7 controllers of Sie-
mens. Besides the CAN 
300 PRO module, the family 
includes a CAN 300 module 
designed for use in offshore 
applications with DNV (Det Figure 1: Systeme Helmholz CAN product portfolio
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Norske Veritas) certifica-
tion. Both modules have 
been designed for integra-
tion in the S7 mounting rail 
and operate in the ambient 
temperature range from -25 
°C to +60 °C. A CAN inter-
face for the S7-400 control-
ler is available in two ver-
sions with one or two CAN 
ports. Beside the CANopen 
protocol, integration of de-
vices according to J1939, 
DeviceNet, or manufactur-
er-specific CAN protocols 
is also possible with com-
pany’s S7 CAN modules. 
Using the DP/CAN coupler, 
CAN devices are connect-
able to the Profibus applica-
tions. In addition, the manu-
facturer offers CAN connec-
tors in various versions.     

 

Implementation and 
support
Buxbaum Automation 
is the Systeme 
Helmholz distributor in  
Austria. Systeme 
Helmholz provides  
application examples  
for the CAN modules 
including example 
projects and function 
blocks, which 
demonstrate how a 
CiA-402-compliant 
drive is controlled. 
The examples 
shipped with detailed 
instructions include 
positioning, speed 
control, and homing 
functionality. Further 
example functions are 
on development. The 
company also offers 
knowledge about the 
CAN, CANopen, and 
the CiA 402 profile. 
Commissioning 
support and generation 
of customer-specific 
programs for complex 
control tasks is also 
possible.

Summary
CAN has become firmly 
established in the 
world of motors, drives, 
frequency converters, 
where it makes use 
of its advantages, 
and has by no means 
yet exhausted its 
possibilities. With its 
CAN-capable device 
portfolio, Systeme 
Helmholz offers a 
range of products 
for connecting 
automation devices 
to the Controller 
Area Network. Their 
capabilities may be 
extended further by 
additional functions 
and customer-specific 
features.

Figure 2: CAN 300 PRO 
module

Please submit your abstract (not more 
than 200 words) before

March 20, 2013.

The conference language is English.

Suggested topics for the MMC:
• Electronic control systems for:
 � Construction machines
 � Mining machines
 � Agriculture machines
 � Forestry machines
 � Truck-mounted body applications   
  (e.g. fork-lifts, straddle-carriers)
• Higher layer protocols and profi les for 
 mobile machinery
• Development and diagnostic tools for 
 mobile machinery
• Safety-related controlling and networking 
 for mobile machinery
• Security of electronic control in mobile 
 machinery

Nuremberg (DE), June 12 - 13, 2013

CiA
CAN in Automation

1st international
MMC conference

Call for papers

For more details please contact the CiA offi ce at
headquarters@can-cia.org

www.can-cia.org



R
ea

de
r 

Se
rv

ic
e

56 CAN Newsletter 1/2013

R
ea

de
r 

Se
rv

ic
e

CAN Newsletter
I hereby subscribe to the free-of-charge CAN Newslet-
ter for the next four editions (published in March, June, 
September, and December of every year).

Company

Name

Address

City, ZIP

Phone (Country code - Area code - Number)

Fax (Country code - Area code - Number)

E-mail

URL

Position (see A) Application (see C)

Business (see B) Size (see D)

Please send your subscription form to CAN in Auto-
mation (CiA) GmbH, Kontumazgarten 3, DE-90429 
Nuremberg, Germany, or fax it to +49-911-928819-79
or e-mail it to headquarters@can-cia.org. You may 
also subscribe online at www.can-cia.org.

Subscription
Please use the following classifications for filling in your 
subscription form:

 A Position in company
 0. Other position
 1. Director
 2. Technical manager
 3. Marketing manager
 4. Sales manager
 5. System designer
 6. Device designer
 7. Purchasing manager
 

 B. Company‘s CAN business
 0. Other business
 1. Semiconductor manufacturer
 2. Device manufacturer
 3. Software house
 4. System integration
 5. Service provider
 6. End-user
 7. Research
 

 C. CAN application interest
 1. Passenger cars
 2. Heavy-duty vehicles
 3. Rail vehicles
 4. Maritime vehicles
 5. Aircraft/Aerospace vehicles
 6. Power generation systems
 7. Factory automation systems
 8. Process automation systems
 9. Industrial machine control systems
 10. Construction machine control systems
 11. Embedded control systems
 12. Building automation
 13. Door control systems
 14. Lift control systems
 15. Medical devices and systems
 16. Science and research systems
 

 D. Company size
 1. 1 - 9 employees
 2. 10 - 49 employees
 3. 50 - 99 employees
 4. 100 - 999 employees
 5. 1 000 - 9 999 employees
 6. 10 000 - 99 999 employees
 7. more than 100 000 employees

Print version PDF version 

I like to receive CiA’s Weekly Telegraph



X
X

X

Solutions for open networks

from one source

Open CAN-based protocols are the basis of networking in com-

mercial vehicles, avionics and industrial control technology. 

Vector supports you in all development phases of these systems:

> Systematic network design with CANoe, ProCANopen  

 and CANeds

>  Successful implementation with source code for CANopen,  

 J1939 and more

>  Efficient configuration, test and extensive analysis

 with ProCANopen, CANoe and CANalyzer

Multifaceted trainings and individual consulting complete our 

extensive offerings.

Thanks to the close interlocking of the Vector tools and the 
competent support, you will increase the efficiency of your 
entire development process from design to testing.
  

 Further information, application notes and demos:  
 www.vector.com/opennetworks

Vector Informatik GmbH

Germany • USA • Japan • France •

UK • Sweden • China • Korea • India
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