








In addition to the FR interface, the nodes are also fitted
with CAN bus. By means of the CAN, the measured values
can be transmitted to a PC for subsequent data processing.
A diagram representing the rate and offset correction values
as well as time deviations in dependence on communication
cycle can be displayed for each FR node. This possibility
of observing SM functioning versus time base disturbing is a
great contribution in this work. No similar FR educational
system has been equipped with a feature like this until now.

Channel resection

The FR standard supports data transmission by force of
two independent channels. One channel is redundant and
serves in communication in the case of the other channel
failing. Behaviour as a reaction on channels resection can be
observed. The system is able to cope with one missing
channel. After elimination of one of the channels,
communication continues by means of the second channel
without any interruption in data transmission. The channel
resection can be made by disconnection of an appropriate
connector.

4. SOME PRACTICAL RESULTS

Data observation

As an example there is a part of the FR frame in fig. 4
where the data related to steering-wheel angle are captured.
First waveform (A) represents a situation where the steering
wheel is in the extreme right position, and the second (B)
shows extreme left position. Fig. 5 depicts the headers of
previous frames. They differ in cycle number because they
were taken in dissimilar communication cycles.

Waveform A — extreme right position
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Waveform B — extreme left position

Start-up observation

Fig.6 shows a successful start-up procedure. There is one
CAS symbol followed by start-up frames transmitted by
a cold-start node in every communication cycle in the
appropriate time slot.

On the other hand, fig.7 represents an unsuccessful start-
up process. In this case the other cold-start node is not able
to join to the communication for some reason. The figure
depicts waveform consisting of repetitive group containing
CAS symbol and set of start-up frames from the leader. In
other words the leader constantly repeated attempts to join
with other cold-start nodes, but always unsuccessfully.
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Fig.6. Successful start-up procedure
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Fig.7. Unsuccessful start-up procedure

Modification of time base frequency

By modification of time base frequency the behaviour of
SM can be shown. This is the most interesting observation
in this work. For this purpose a case study has been made on
the FR network consisting of 10 nodes. Each node in the
network has been set with time parameters according to
Tab.1.

Tab.1. Used time parameters
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Fig.5. Headers of frames

Duration of one uT 25 ns

Nominal number of uT per 1 MT 40 uT/MT

Length of communication cycle 5 000 MT (5 ms)

Number of pT per 1 bit 4 pT/bit (10Mbit/s)

The nodes had constant clock frequency (nominal value
40 MHz) given by its internal crystal oscillator with the
exception of node no. 4. This node had a clock source
provided by an external generator allowing sweep frequency
by a modulation signal. In this study the period of all sweeps



is supposed to be quite long. It covers hundreds of
communication cycles. The study focuses on following
cases of sweeping:

L. Sweeping by sinus

The clock frequency of node no. 4 has been set to 40
MHz and being swept by sinus shape with the amplitude
equal to 100 kHz (f,;, = 39.9 MHz, f,.x = 40.1 MHz) with
the period 200 communication cycles. This situation is
shown in fig. 9 depicting the dependency of frequency
deviation (Af) on communication cycle number (CN). All
measurement has been performed within a range of 500
communication cycles. Dependency of correction
parameters computed in node no. 4 on CN is depicted in
fig. 10, 11, 12. Fig. 10 represents rate correction parameter
(RC in uT) and fig. 11 shows offset correction parameter
(OC in uT). A detail of OC in CN range 220 - 320 can be
seen in fig. 12.

II. Linear sweeping

In this case a linear shape has been used for sweeping
the clock frequency in node no. 4 with nominal value
40 MHz. In the same way as in the previous case, the
frequency deviation has been set to 100 kHz (see fig. 13)
and dependency of correction parameters (RC, OC) in uT on
CN has been measured (see fig. 14, 15, 16).

In a simplified view, both of the previous cases show RC
to be directly proportional to the frequency deviation
function, and envelope of OC to be directly proportional to
first derivation of frequency deviation function.

II1. Multiple sweeping by sinus

In contrast to the first case, in this case the frequency
sweeping by sinus has taken place in two nodes (node no. 4
and no. 5). In addition, the frequency in node no. 5 had
twice value of node no. 4. Deviations (At in uT) between the
presumed and actual arrival time of sync frames coming
from node no. 5 have been measured by node no. 4. These
deviations in pT are depicted in fig. 8 as a dependency on
CN. The figure shows these deviations to be influenced by
the superposition of two sinus signals used for frequency
sweeping in node no. 4 and no. 5.

A t[uT]

Fig.8. Time deviations between node no. 4 and node no. 5
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Fig.9. Sinusoidal modulation signal for node no.4
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Fig.11. Offset correction parameter computed in node no.4
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Fig.12. A detail of offset correction parameter
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A mathematical model of SM has been created. It is
expected to be published in the near future. Future research
will then verify the model with the aid of the practical
results in this article. If the verification proves the model to
be credible enough, the model will be used for studying the
behaviour of SM mechanism under conditions where some
parts of SM fail to work correctly.

CONCLUSION

This educational system for training in FR technology
has been developed to be suitable for demonstrating
fundamental and advanced FR features. The great benefit is
in the possibility to influence the frequency of the time base
in each node. In this way the robustness of SM can be
tested. The behaviour of SM in connection with time base
disturbing can be observed and the dependence of
synchronization correction values on the communication
cycle can be displayed. No previous similar FR educational
system has supported the ability to demonstrate the FR SM,
as well as other FR features, in such a clear way.
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