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CAN FD is set, but
still new ideas are
popping up
In the automotive industry, CAN FD is well accepted. Nevertheless, there are
some new ideas to increase the throughput and to improve the physical layer.

T

he success story of CAN FD continues. Pre-developed by Bosch and standardized in ISO 11898-1:2015,
the CAN FD protocol has been implemented by all market-leading automotive chipmakers. The only drop of bitterness was the so-called CRC issue. But in the meantime
it is fixed by means of the additional stuff-bit counter integrated into the CRC field. Nevertheless, there are still some
non-ISO CAN FD controllers on the market. They are
already designed-in in some local, deeply embedded interfaces in ECUs (electronic control units). This hurts the
toolmakers, because they have to support ISO CAN FD
and non-ISO CAN FD in their network interfaces and
their analyzing software. For carmakers they are
invisible.
The good news: Nearly every major OEM (original equipment manufactures) including BMW will migrate
step-by-step to CAN FD. In the beginning, the carmakers were
thinking to run Classical CAN and CAN FD communication on
the same network segment. Except for a few Chinese brands,
this is not a real requirement anymore. The migration to CAN
FD will be in most cases a complete one or the OEM strictly
separates Classical CAN and CAN FD network segments.
This is, why the idea of Satheesh K. Kini (Mercedes-Benz India) has not been really discussed in the
CAN community. He proposed a small change in the
CAN FD protocol. His idea was to mute Classical CAN only
controllers during the transmission of CAN FD data frames.
But he was to late, the CAN FD protocol was already standardized in the ISO working group and first chipmakers had
implemented already the CAN FD protocol. So his proposal
was not considered.
By the way, there are other solutions to integrate Classical CAN only nodes into networks running CAN FD without impacts on the protocol level. One of them is the hiding of
CAN FD frames by means of a “smart” transceiver. NXP will
sample its CAN Shield transceivers by end of this year [2]. The
main market for such a product seems to be non-automotive
applications. Kvaser has developed a smart approach [3].
CAN FD is by some means a new protocol. Of
course, the current implementations support both Classical
CAN and CAN FD, because this is required by
ISO 11898-1:2015. CAN FD has many similarities with
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Classical CAN. This makes the migration easy and also
the acceptance. Nevertheless, CAN FD is a new protocol. All other statements are marketing. The still simple
data link layer protocol, the still inexpensive controller and
transceiver chips, and the low-power consumption of
CAN FD nodes made the new protocol so successful. It has
been adapted by the automotive industry very quickly. Robustness and reliability are also key features of the success. Experiences made in several CAN FD plugfests organized by CiA
have proved this.

TurboCAN: More than 100 Mbit/s
This is the promise of South Korean scientists. Suwon Kang,
founder and CEO of VSI, and his team have developed the
TurboCAN approach, which is backwards compatible with
Classical CAN supporting. It supports bitrates higher than 100
Mbit/s. This would be a real competitor to 10-Mbit/s Ethernet, even knocking at the door of 100-Mbit/s Ethernet. Suwon
Kang presented this solution on an IEEE conference and published it last year also in the IEEE Communications Magazine.
The research project was partly supported by the Institute for
Information & Communications Technology Promotion (IITP)
financially funded by the Korean government.
Suwon Kang sees the primary cause of the data
rate limitation of the CAN system coming from three factors. The first one is the constraint of the bus characteristics, which limits the minimum clock pulse width, which
then limits maximum clock rate. Secondly, due to the attenuation at higher frequency, higher clock pulse suffers from
severe edge degradation that could render received waveform hard to detect properly. Finally, only binary signaling is
allowed in the standard with very low bandwidth utilization.
Suwon Kang wrote: “The proposed scheme overcomes
these limitations by adding carrier modulation to the CAN
frame along with higher bandwidth utilization. One of the biggest advantages of using carrier modulation for data transmission is that the proposed system is no longer dependent
on edge detection using bit transitions. It also enables the use
of higher bandwidth modulation sending multiple bits for each
transmit symbol, providing higher data rate without transmission bandwidth increase.”
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Figure 1: Simulated net throughput of the proposed
multi-level modulation scheme on CAN signals
(Photo: IEEE Communications Magazine)
paradigm change. Still improving existing solutions is on the
agenda.

Ringing suppression
Another option to improve the data throughput in
CAN FD networks is the suppression of ringing. Today we
can achieve in bus-line topologies 2 Mbit/s in the data phase
without problems. In point-to-point links, 5 Mbit/s are realistic.
This could be used for software download, for example. Star
and hybrid topologies are more challenging. Even 2 Mbit/s
is sometimes a challenge. Ringing suppression as proposed
by Denso and specified in CiA 601-4 is a possibility [4]. In
Detroit at the WCX17 conference organized by SAE (Society
of Automotive Engineers), Denso presented simulation results
for 5-Mbit/s CAN FD networks. Still this is just simulation.
Recently, NXP pre-announced another ringing suppression solution. In opposite to the Denso approach based on
circuitry suppressing the ringing on the receivers, NXP proposed a ringing suppression on the transmitting node. This
saves some time, because you don’t have to detect the ringing; you can just avoid it. But NXP has published just a few
details in a presentation by Tony Adamson during the iCC
2017 in Nuremberg. He promised to provide more information in this summer, when discussions with OEMs have made
some progress.
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In contrast to the binary signaling of CAN, the use of
multi-level modulation can increase the throughput. The
transmitted CAN bits are used to form a complex symbol to
be modulated and transmitted on the network. The complex
symbol can be constructed using any modulation scheme,
including quadrature phase shift keying (QPSK), 16-quadrature amplitude modulation (QAM,) 64-QAM, etc. According to Kang, higher order modulation is preferred to achieve
higher data rates. However, the choice of modulation scheme
is related to the signal-to-noise ratio, frequency attenuation
characteristics of the channel, and receiver complexity.
The team of Suwon Kang has not yet implemented the
described multi-level modulation approach. But they have simulated it. The results are discussed in detail in the mentioned
IEEE paper and article [1]. The proposed carrier modulation
on top of the Classical CAN signals allows significant higher
bit rates. The performance of the scheme in the CAN environment has been evaluated in terms of BER (bit error rates) and
net throughput to show that the proposed scheme can provide
higher data rate, while keeping backwards compatibility with
the CAN protocols (Classical and CAN FD). With the use of a
longer frame supported by CAN FD, the net throughput can
be increased to 161,8 Mbit/s claims the researchers. “The proposed scheme can easily be applied to the existing CAN network without additional deployment of cabling to support the
need for high data rate links between devices, resulting in significant reduction of the cost and weight of the vehicle,” stated
Kang in his paper. The team of Suwon Kang is working on the
implementation of the multi-level modulation scheme now and
the key components including controller and transceiver are
said to be available next year.
It seems that the proposed multi-level modulation
approach can be implemented on top of the existing CAN protocols. Nevertheless, it is not proven that it can be used on
the topologies used by the OEMs. It looks like that the simulation results are based on a strict bus-line topology. But even
if just half of the simulated bandwidth can be achieved, this
would be an interesting approach, because the existing wiring harnesses for Classical CAN or CAN FD can be re-used.
The next step would be to prove the concept by means of a
prototype implementation. This could be submitted to one of
the CAN FD plugfests to see, if it has really no impacts on the
CAN communication and which throughput can be achieved
in practice.
Re-using is the key. Since years, new network architectures have been discussed, for example, the so-called domain
architecture, but none of the OEMs has made already the

