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MICROCONTROLLER WITH CAN BUS MODULE AND AUTO SPEED DETECT

TECHNICAL FIELD

The present invention relates to microcontrollers having a Controller Area Network

(CAN) module.

BACKGROUND

Controller Area Network (CAN) is a serial communications protocol which efficiently
supports distributed real-time control with a high level of security. Applications of CAN
range from high speed digital communications networks to low cost multiplex wiring. CAN
is a high-integrity serial data communications bus for real-time applications. CAN operates
at data rates of up to 1 Megabits per second, has excellent error detection and confinement
capabilities, and was originally developed for use in automobiles. The motivation behind
CAN was to make automobiles more reliable, safe and fuel-efficient by improving the
interoperability of automotive electronics, engine control units, sensors, anti-skid brake
systems, etc., while decreasing wiring harness weight and complexity. Since CAN's
inception, the CAN protocol has gained widespread popularity in industrial automation and
automotive/truck applications. The robustness of the CAN bus in noisy environments and the
ability to detect and recover from fault conditions makes CAN suitable for use with,
industrial control equipment, medical equipment, test equipment, mobile and portable

machines, appliances, etc.

CAN is an asynchronous serial bus system with one logical bus comprising for
example two wires. It has an open, linear bus structure with equal bus nodes. A CAN bus
consists of two or more nodes. The number of nodes on the bus may be changed dynamically

without disturbing the communication of the other nodes.

The CAN logic bus corresponds to a "wired-OR" mechanism, "recessive” bits
(mostly, but not necessarily equivalent to the logic level "1") are overwritten by "dominant"
bits (mostly logic level "0"). As long as no bus node is sending a dominant bit, the bus line is
in the recessive state, but a dominant bit from any bus node generates the dominant bus state.
Therefore, for the CAN bus line, a medium is chosen that is able to transmit the two possible

bit states (dominant and recessive). A common physical medium used is a twisted wire pair.
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The bus wires are then called "CANH" and "CANL," and may be connected directly to the

CAN controller nodes or via a connector thereto.

In the CAN bus protocol it is not bus nodes that are addressed, but rather the address
information is contained in the messages that are transmitted. This is done via an identifier
(part of each message) which identifies the message content, e.g., engine speed, oil
temperature, etc. The identifier additionally indicates the priority of the message. The lower

the binary value of the identifier, the higher the priority of the message (more dominant bits).

In a CAN controller the architecture is similar to a simple UART, except that
complete frames are sent instead of characters: there is (typically) a single transmit buffer,
and a double-buffered receive buffer. The CPU puts a frame in the transmit buffer, and takes
an interrupt when the frame is sent; the CPU receives a frame in the receive buffer, takes an
interrupt and empties the buffer (before a subsequent frame is received). The CPU must

manage the transmission and reception, and handle the storage of the frames.”

During initialization the transmitting device and the receiving device generally
program their respective CAN modules to use a predetermined CAN frequency. However, in
many applications this frequency may not be known. Also, the length of each CAN bit can
vary by approximately 20% around some nominal length. Moreover, in a running system,
there are no “known initialization transmissions” to which a system can be synchronized. In
other words, if a device is coupled to an already established CAN bus system, the content of
the transferred messages is unknown. Thus, in conventional systems, a trial and error method
may be used to determine the correct operating frequency of the CAN Bus which can result in
a very long set-up time or may even fail entirely. In other serial bus systems, an initialization
phase may be performed using synchronizing character sequences such as “5555” or
“AAAA”. However, such initialization routines may not be available in particular if a CAN

bus is already be in operation.

Hence, there is a need for an improved auto-speed detect system and method for a
microcontroller with a CAN module which allows for a quick determination of an operating

frequency used in a CAN system.
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SUMMARY OF THE INVENTION

According to an embodiment, a method for initializing a Controller Area Network
(CAN) module in a microcontroller, may comprise: measuring the period times between a
plurality of falling or rising edges of a CAN signal; sorting the period times; determining
difference values between adjacent period times of the sorted period times; sorting the
difference values; selecting a first difference value from the sorted difference values and
determining a first frequency from the first difference value; initializing the CAN module
using the selected frequency; receiving a CAN signal frame; determining whether an error
occurred; if an error occurred selecting a next frequency and repeating initializing the CAN

module until a valid CAN frequency has been found.

According to a further embodiment, the method may also comprise: coupling an
external CAN line with an input of a capture module of the microcontroller to measure the
period times. According to a further embodiment, the method may further comprise: feeding
a CAN signal internally to an input of a capture module of the microcontroller to measure the
period times. According to a further embodiment, the method may further comprise: after the
step of sorting the difference values, the step of: discarding difference values that result in
invalid frequencies. According to a further embodiment, a timer and capture unit can be used
to measure the period times. According to a further embodiment, ten period times between
falling edges of a CAN signal may be measured. According to a further embodiment, the
method may be repeated if no valid frequency is found. According to a further embodiment,
the step of determining a frequency from the difference value may be performed using a
look-up table. According to a further embodiment, the step of determining a frequency from
the difference value may use rounding or truncation to calculate a frequency. According to a
further embodiment, the microcontroller may be programmed to perform the method.
According to a further embodiment, the microcontroller may comprise a state machine that

performs the method.

According to another embodiment, a microcontroller may comprise: a central
processing unit (CPU), a Controller Area Network (CAN) module, a timer, a capture module
coupled with the timer, wherein the microcontroller is configured to automatically detect a
CAN frequency by: measuring the period times between a plurality of falling or rising edges

of a CAN signal; sorting the period times; determining differences between adjacent period
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times of the sorted period times; selecting a first difference and determining a first frequency
from the first difference; initializing the CAN module using the selected frequency; receiving
a CAN signal frame; determining whether an error occurred; if an error occurred selecting a
next frequency and repeating initializing the CAN module until a valid CAN frequency has

been found.

According to a further embodiment of the microcontroller, the microcontroller may be
further configured to discard difference values that result in invalid frequencies. According
to a further embodiment of the microcontroller, the capture module may comprise an edge
detector controlling a driver which couples the timer with a capture register. According to a
further embodiment of the microcontroller, the microcontroller may comprise a controllable
driver coupled between an input of the CAN Bus module and the input of the capture module.
According to a further embodiment of the microcontroller, the microcontroller may be
configured to determine a frequency from the difference value by using a look-up table.
According to a further embodiment of the microcontroller, the microcontroller may be
configured to determine a frequency from the difference value using rounding or truncation.
According to a further embodiment of the microcontroller, the microcontroller may be
programmed by software to determine the CAN frequency. According to a further
embodiment of the microcontroller, the microcontroller may comprise a state machine to
determine the CAN frequency. According to a further embodiment of the microcontroller,

the microcontroller may comprise a special function register to control the state machine.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of an embodiment of a microcontroller with

integrated CAN module.
Figure 2 shows a timing diagram of an exemplary CAN signal.

Figure 3 shows a principle according to an embodiment to determine a CAN
operating frequency .

Figure 4 shows a flow chart according to an embodiment.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, a microcontroller 100 is indicated by the dotted line. The
microcontroller 100 comprises a central processing unit (CPU) 110 and a CAN Bus module
or peripheral device which is coupled with the CPU 110. External pins 130 and 135 are
provided through which the CAN Bus module 120 can connect its separate transmit and
receive lines CANTX, CANRX to the twisted pair CANH and CANL lines of the external
CAN Bus 180. This is usually done via an external interface driver 105 that converts the
separate internal signals CANRX and CANTX to respective CAN Bus signals CANH and
CANL. However, other embodiments may provide internally for such an interface device to

allow direct connection to a CAN bus.

Furthermore, the microcontroller comprises a capture/compare/pulse  width
modulation (CCP) module 140, a timer module 170 and a clock system 160, all coupled with
CPU 110. The CCP unit 140 is coupled with another external pin 150 for evaluating external
signals. To this end, according to an embodiment, a controllable driver 146 inside the CCP
module 140 may be connected to external pin 150. However, the exemplary device shown
in Fig. 1 may also be capable of evaluating/processing internal signals as shown by the dotted
lines. For example, in one embodiment, the internal CAN signal CANRX can be fed through
a controllable driver 185 to the CCP module 140. This embodiment may be considered in
particular when an internal CAN Bus interface 105 is present to allow for an evaluation of the
internal CANRX signals. However, as will be appreciated by a person skilled in the art, other
embodiments may allow to evaluate the CAN Bus lines directly. In such a case a differential
driver/converter unit which is arranged internally or externally may be used to convert the

signals on the CAN Bus into a single digital signal and feed them to the CCP module 140.

CCP module 140 may comprise a prescaler 142 which receives the output of drivers
146 and 185 and any other controllable driver that may be implemented to select an internal
or external input signal. The output of prescaler 142 is coupled with an edge detector 148
which can programmably either detect a rising or falling edge of the incoming signal. The
output signal of this edge detector controls a further driver 145 which couples a timer register
175 of timer module 170 with capture register 144 of CCP module 140. Edge detector 160

may receive a clock signal from, clock system 160.



10

15

20

25

30

WO 2012/121881 PCT/US2012/026010

To provide for a auto-speed detect function, the input of the CCP module, or one of its
inputs in case the CCP module comprises multiple inputs, is coupled with the CANRX line as
available on pin 130. As shown in Fig. 1, this can be done either by connecting external pin
150 with the CANRX pin 130 or selecting an internal coupling via controllable driver 185.
This setup is necessary only during the auto-speed detect phase. Once the speed has been

determined, the CCP input can be used for processing other signals.

Figure 2 shows an exemplary signal on external CAN Bus 180. The CCP module 140
is programmed to analyze the falling edges of the CAN signal 200. However, in other
embodiments, different signal characteristics may be analyzed to determine a period.
According to Fig. 2 every time a falling edge occurs, the CCP module 140 captures the timer
value from timer module. Exemplary timer values that have been captured are shown. Values
are rounded to the nearest 100 merely to facilitate understanding the principle of the method.
In the example shown in Fig. 2, ten falling edges are investigated. However, more or less
edges can be processed. The more edges are captured the more precise the auto-speed
detection will become. The timer may be initialized with a resolution of 100 ns. To this end,
the timer may be clocked at I0MHz or any other suitable clock frequency. The timer values
can be for example 16-bit values as shown in Fig. 1. Thus, depending on the clock source,
different resolutions can be obtained. The better the timer resolution, the more exact the
measurements. Using the fastest possible timer source is the preferred method as it increases
the resolution of the timer. For example, a 40MHz clock can be used to improve the timer

resolution to 25ns. These timer values can then be stored in an array.

Fig. 3 shows how the captured timer values are further processed. In a first step, the
array with the ten captured timer values is sorted from smallest to highest values as shown in
the most left column. Then, the difference between each two adjacent timer values is
calculated as shown in the second column. Next, the different difference values are sorted
again as shown in the third column. In another step, invalid differences may be discarded.
For example, values that are clearly below 1ps or any predetermined maximum period or
over a predetermined maximum frequency may be discarded as shown in the third column in
Fig. 3. For the remaining values as shown in the fourth column in Fig. 3, the resulting
frequencies for the remaining period values are determined. The first value is then used for
setting the frequency of the CAN module. To this end, according to an embodiment, a

window may be used to round the frequency to the nearest number that makes sense in a
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CAN system. For example, 250kbps or 275kbps but not 263kbps. Once this frequency has
been determined, for example 500kbps as shown in Fig. 3, the CAN module 120 is initialized
using this frequency and set into a “Listen Only” mode so that normal bus traffic is not
disrupted. Then, the system waits and determines whether a received message is valid or an
error message is produced by the CAN module. In case of an error message, the auto-speed
detect method selects the next available frequency as shown in Fig. 3, for example, 450kbps.
These steps are repeated until the correct frequency is set. Thus, the method repeats
initializing the CAN module 120 using the different frequencies as determined in the last
column shown in Fig. 3. If none of these determined values is produces a correct setting, the

method starts again and evaluates another ten edges of a CAN signal.

The timer difference values as shown in the fourth column in Fig. 3 may be directly
used to access a table that contains the actual frequency values. Such a method would allow

to easily perform a truncation or rounding to obtain useful frequency values.

Fig. 4 shows an exemplary flow chart of the above described method. In Step 400, the
CAN signal is evaluated using the CCP module by detecting falling or rising edges and
storing the associated timer values (1) to t(n). These values are then sorted into values ts(1) -
ts(n) in step 410. In step 420 the A values d(1) - d(n-1) are determined by calculating
d(x)=ts(x+1)-ts(x), for x=1..n-1. The A values are sorted again into ds(1)..ds(n-1) in step
430. Then, optionally in step 440, values ds() that do not form valid frequencies are
discarded. The remaining values are used to determine frequency values f(x) = 1/ds(x) in
step 450. In step 460 the first value (1) is used to initialize the CAN module 120. Then, in
step 470 a frame is received. Correct timing is determined in step 480 by checking whether
the CAN module generated any error messages. If not, then the routine ends. In case an
error was generated then the routine proceeds by obtaining the next value f(i), for example,
by using a look-up table in step 490. In step 500 it is determined whether there are no more
values available. IF so, the routine jumps to step 500, other wise, the routine jumps to step

460.

According to an embodiment, the above described sequence can be performed by
software. However, according to another embodiment, a state machine 190 may be used to
control the specific sequences as described above. Fig. 1 shows the state machine 190. This

state machine would in particular be advantageous in a microcontroller 100 that is capable of
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selecting the input signal to the CAN Bus module 120 internally, for example through
controllable driver 185 as shown in Fig. 1. The state machine could be started through setting
a bit in a special function register 195. Once started, State machine 190 couples the internal
CAN bus signal via driver 185 to the CCP module 140, performs the initialization of CAN
module 120 as described above and disconnects the CAN signal from the CCP module 140.

A user may then use this module for the evaluation of other signals.

The invention, therefore, is well adapted to carry out the objects and attain the ends
and advantages mentioned, as well as others inherent therein. While the invention has been
depicted, described, and is defined by reference to particular preferred embodiments of the
invention, such references do not imply a limitation on the invention, and no such limitation
is to be inferred. The invention is capable of considerable modification, alteration, and
equivalents in form and function, as will occur to those ordinarily skilled in the pertinent arts.
The depicted and described preferred embodiments of the invention are exemplary only, and
are not exhaustive of the scope of the invention. Consequently, the invention is intended to
be limited only by the spirit and scope of the appended claims, giving full cognizance to

equivalents in all respects.
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CLAIMS
What is claimed is:

1. A method for initializing a Controller Area Network (CAN) module in a

microcontroller,

the method comprising:

- measuring the period times between a plurality of falling or rising edges of a CAN
signal;

- sorting said period times;

- determining difference values between adjacent period times of said sorted period
times;

- sorting said difference values;

- selecting a first difference value from said sorted difference values and determining
a first frequency from said first difference value;

- initializing said CAN module using said selected frequency;

- receiving a CAN signal frame;

- determining whether an error occurred;

- if an error occurred selecting a next frequency and repeating initializing the CAN

module until a valid CAN frequency has been found.

2. The method according to claim 1, further comprising coupling an external CAN line

with an input of a capture module of said microcontroller to measure said period times.

3. The method according to claim 1, further comprising feeding a CAN signal internally

to an input of a capture module of said microcontroller to measure said period times.

4. The method according to claim 1, further comprising after the step of sorting said

difference values, the step of:
discarding difference values that result in invalid frequencies.

5. The method according to claim 1, wherein a timer and capture unit is used to measure

the period times.
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6. The method according to claim 3, wherein ten period times between falling edges of a

CAN signal are measured.

7. The method according to claim 1, wherein the method is repeated if no valid

frequency is found.

8. The method according to claim 1, wherein the step of determining a frequency from

said difference value is performed using a look-up table.

9. The method according to claim 1, wherein the step of determining a frequency from

said difference value uses rounding or truncation to calculate a frequency.

10.  The method according to claim 1, wherein the microcontroller is programmed to

perform the method.

11.  The method according to claim 1, wherein the microcontroller comprises a state

machine that performs the method.
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12. A microcontroller comprising:
a central processing unit (CPU)
a Controller Area Network (CAN) module,
a timer;
a capture module coupled with said timer;

wherein the microcontroller is configured to automatically detect a CAN frequency

by:

- measuring the period times between a plurality of falling or rising edges of a CAN
signal;

- sorting said period times;

- determining differences between adjacent period times of said sorted period times;

- selecting a first difference and determining a first frequency from said first
difference;

- initializing said CAN module using said selected frequency;
- receiving a CAN signal frame;
- determining whether an error occurred;

- if an error occurred selecting a next frequency and repeating initializing the CAN

module until a valid CAN frequency has been found.

13.  The microcontroller according to claim 12, wherein the microcontroller is further

configured to discard difference values that result in invalid frequencies.

14.  The microcontroller according to claim 12, wherein the capture module comprises an

edge detector controlling a driver which couples said timer with a capture register.

15.  The microcontroller according to claim 12, comprising a controllable driver coupled

between an input of the CAN Bus module and the input of said capture module.
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16.  The microcontroller according to claim 12, wherein the microcontroller is configured

to determine a frequency from said difference value by using a look-up table.

17.  The microcontroller according to claim 12, wherein the microcontroller is configured

to determine a frequency from said difference value using rounding or truncation.

18. The microcontroller according to claim 12, wherein the microcontroller is

programmed by software to determine said CAN frequency.

19. The microcontroller according to claim 12, comprising a state machine to determine

said CAN frequency.

20.  The microcontroller according to claim 19, comprising a special function register to

control the state machine.
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