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[57] ABSTRACT

A distributed processing system in an automotive envi-
ronment achieves enhanced noise immunity and re-
duces the processing burden and background loop time
of the master controller by providing for communica-
tion of signals between a master controller and a slave -
controller by pulse width modulated communication
signals. In a preferred embodiment, the communicated
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4,562,812 1/1986 Chauvel ..oeecrrrcecssccce 123417  Which simplifies decoding of the spark advance infor-
4,644,284 2/1987 Friedline et al. 364743112 x ~ mation in the ignition module.
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AUTOMOBILE ELECTRONIC CONTROL
MODULES COMMUNICATING BY PULSE WIDTH
MODULATED SIGNALS

BACKGROUND OF THE INVENTION

The present invention relates in general to electronic
controls in an automobile, and more specifically to the
transmitting of spark timing target values from an en-
gine controller to an ignition module using pulse width
modulation.

Distributed processing is a commonly used technique
in computer based systems wherein information pro-
cessing devices are interconnected so that data can be
exchanged and the processing furrctions are shared.
Such distributed systems are employed to achieve in-
creased capacity, increased speed, and improved flexi-
bility for making modifications.

Distributed processing systems have been used to
advantage in automobile control systems, especially
electronic engine controls. For example, a main con-
troller monitors engine conditions from a plurality of
sensors. Based on engine conditions, the main controller
calculates various settings for setting a plurality of en-
gine control parameters. A separate engine control
parameter may be controlled by a separate programma-
ble control module which receives signals from the
main controller and performs its own calculations prior
to implementing a control function over the engine
parameter. By way of example, separate control mod-
ules, responsive to a main controller, can supervise
operation of fuel injectors, spark timing, exhaust gas
recirculation (EGR), and other automotive systems.
Furthermore, systems other than the engine can be
controlled using distributed processing systems, such as
the transmission system or the suspension system in a
vehicle.

In order to successfully operate a distributed process-
ing system, data must be accurately communicated be-
tween the separate processors. However, an automobile
engine is a noisy’electrical environment, especially due
to electromagnetic interference generated by spark
events in the cylinders. If noise signals are picked up by
the communication line connected between processors,
corruption of transmitted data can result. The corrup-
tion of data is likely to cause improper operation of the
controlled system (e.g., engine).

Moyer et al, U.S. Pat. No. 3,969,614, discloses an
electronic engine control which monitors engine pa-
rameters and in response commands settings of fuel
injection, exhaust gas return valve, and spark advance.
A main central processing unit determines a proper
spark advance value for the current condition of the
engine. Commanded values are communicated to imple-
menting circuits via a digital bus. U.S. Pat. No.
4,231,091 issued to Motz, and U.S. Pat. No. 4,351,306
issued to Luckman et al, provide additional examples of
the use of a digital bus to communicate ignition signals
from a master unit to an ignition unit, but the units are
tied together by an address bus and a data bus within a
single module.

Noise on a digital data line can cause random errors
in the digital value transmitted. Thus, the resulting error
in the communicated data can occur in either high order
or low order bits. Therefore, the error introduced by a
single noise pulse can be very large.

U.S. Pat. No. 4,661,778 issued to Anderson includes a
further communication technique wherein the master
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control provides a pulse to an ignition module for di-
rectly commanding spark and ignition timing in real
time. In this case, the pulse has a first transition at a time
corresponding to the beginning of a dwell period
wherein an ignition coil is supplied with current. A
second, reverse transition in the pulse occurs at the time
when a spark is desired and when current to the ignition
coil is turned off. Noise signals occurring during the
period of the ignition timing pulse can cause the spark
event to occur at a random time, rather than at a desired
spark advance.

SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the present
invention to provide method and apparatus for commu-
nicating data between a master engine controller and a
slave controller, wherein the effects of noise on the
communicated data are minimized.

It is another object of the invention to provide a
method and apparatus for communicating data between
coprocessors which requires a minimum of processor
time to supervise the data transfer.

It is a further object to improve engine performance
and responsiveness to changing conditions.

It is still another object to provide a data communica-
tion scheme for spark advance information from a mas-
ter engine controller to an ignition module using data
encoding which simplifies calculation of the time at
which a spark event is to occur.

These and other objects are achieved by the present
invention which employs a pulse width modulated sig-
nal for communicating between processors. The master
controller supervises operation of an automotive sys-
tem. A slave controller implements control of a portion
of the automotive system in accordance with informa-
tion exchanged with the master controller. A signal
communication line is coupled between the master con-
troller and the slave controller for communicating sig-
nals therebetween. One of the controllers includes
means for generating a signal on the signal communica-
tion line during a predetermined communication time
period, the signal being generated as a pulse having a
duration representative of the exchanged information.
The other controller includes means for accumulating
the pulse during the predetermined communication
time period and for fixing a value for the exchanged
information upon termination of the predetermined
communication time period.

The invention further includes a method for commu-
nicating information between electronic engine control
modules in which the rotational position of the engine is
monitored. The occurrence of a communication period
is detected with the engine position being within a first
predetermined range of positions. A pulse width modu-
lated pulse is transmitted from a first module to a second
module during the communication period. The pulse is
integrated in an accumulator in the second module dur-
ing the communication period. Occurrence of a read
portion is detected with the engine position being
within a second predetermined range of positions. The
integrated pulse is read from the accumulator during
the read period. The accumulator is cleared prior to a
succeeding communication period.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with
particularity in the appended claims. The invention
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itself, however, both as to its organization and method
of operation, together with further objects and advan-
tages thereof, may best be understood by reference to
the following description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram showing an electronic
engine control and ignition module coupled to an en-
gine as may be employed in the present invention.

FIGS. 2a-c provides waveform diagrams for illus-
trating the effects of noise on a spark command signal.

FIG. 3 is a transfer function according to a preferred
embodiment of the present invention.

FIG. 4 is a part schematic, part block diagram of
apparatus according to the present invention.

FIG. 5 is a plan view of a timing wheel and position
sensor employed in a preferred embodiment of the pres-
ent invention.

FIGS. 6a-c are diagrams showing bit values accord-
ing to a preferred embodiment for decoding communi-
cated spark information in the ignition module.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, an electronic engine control
(EEC) 10 is a master controller for an engine 14 and is
connected to an ignition module 11. EEC 10 provides a
spark advance word (SAW) on a communication line 12
for indicating the engine crankshaft angle at which
spark should occur. Module 11 provides a profile igni-
tion pulse (PIP) on a line 13 for indicating rough posi-
tion of the engine crankshaft in order to allow EEC 10
to determine such engine parameters as engine speed in
rpm and engine acceleration. The PIP signal occurs at
10° before top dead center (BTDC) for each cylinder to
additionally provide a default spark timing. An ignition
ground line (IGN GND) 18 is connected between EEC
10 and module 11 to provide a reference level for com-
municating PIP and SAW signals.

A crankshaft position sensor 15 is located in close
proximity to the crankshaft of engine 14 and provides a
sensor output to module 11. Coils 16 are coupled to the
spark plugs of engine 14, to a battery 17, and to module
11. Coils 16 are energized under control of module 11,
both as to duration of current flow through coils 16 (i.e.,
dwell) and the time of termination of current flow (i.e.,
spark timing). EEC 10 is coupled to other sensors and
actuators for controlling other aspects of the operation
of engine 14 such as fuel injector pulses, exhaust gas
recirculation, and air/fuel mixture.

In its role as the master engine controller, EEC 10
processes many active environmental sensor signals to
determine a desired spark advance value. Variables,
such as manifold absolute pressure, engine speed, engine
coolant temperature, and engine knock, are monitored
and their values are used by a computerized engine
control strategy employing various calculations and
multi-dimensional data tables in order to determine the
proper spark advance.

The commanded values for spark advance, fuel pulse
width, exhaust gas recirculation, and other controlled
parameters are normally calculated by EEC 10 in a
background loop. The time between updating of engine
parameters is dependent upon a background loop time
required to execute all control calculations. A shorter
background loop time results in more frequent updates
and improved engine performance. At high engine
speed, the background loop time increases due to the
need for a faster real time response required for critical
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output functions to implement the spark timing and fuel
ejection timing.

Due to the need for reduced background loop times,
distributed processing is employed, whereby module 11
performs the timing functions for implementing a spark
advance. For the same reason, a high data rate sensor 13
is coupled to module 11 for processing the high data
rate signals. A lower data rate PIP signal is provided
from module 11 to EEC 10 thereby reducing the load
on EEC 10.

In response to the spark advance word (SAW) re-
ceived over line 12, ignition module 11 determines a
time, referenced to crankshaft position, for initiating
coil current flow and initiation of a spark by switching
the coil current provided from battery 17 through the
coils and to ground.

It is known from the prior art to perform ignition
timing functions within EEC 10 such that an output
signal on line 12 directly controls the spark timing. This
signal has been called SPOUT for spark output. As
shown in FIG. 2a, a SPOUT signal can indicate a begin-
ning of a dwell period by a negative transition of a pulse
shown at 20. A rising transition occurs at 21 to indicate
the beginning of a spark event. However, a noise signal
22 may occur during the dwell period which introduces
a rising transition and causes an early spark event. If
noise signals are random, the possibility exists that the
spark error will be great in response to a single noise
pulse.

In prior art distributed processing systems, the de-
sired angle of spark advance has been transmitted from
a master controller to a slave ignition module in digital
format, over either a parallel or a serial bus. A single
noise pulse occurring during transmission of a digital
word has the possibility of greatly affecting the spark
angle since either high order bit or a low order bit can
be effected. Thus, a single noise pulse in prior art sys-
tems can dramatically advance the occurrence of a
spark event. Other problems are also noted, including
reduced energy output in a spark and multiple misfires.

According to the present invention, the possible ef-
fects of noise on a transmitted spark advance value are
reduced by transmitting the spark advance word using
pulse width modulation. This SAW pulse is provided by
master EEC 10 over line 12 to ignition module 11. The
pulse is accumulated by module 11 during a predeter-
mined communication time, after which the accumu-
lated pulse value is fixed and read out from an accumu-
lator. As shown in FIG. 25, a SAW pulse can include a
rising edge 23 and a falling edge 24, wherein the length
of the SAW pulse is algebraically related to the amount
of spark advance. A noise pulse 25 occurring during the
SAW pulse causes a loss of the SAW pulse for a brief
interval thereby causing a reduced amount of pulse
width to be accumulated. Likewise, in FIG. 2¢, a noise
pulse 26 occurring outside of the SAW pulse introduces
a small error into the final spark advance value corre-
sponding to an increased SAW pulse virtue. However,
in each case the total error introduced in the accumu-
lated SAW value is small.

Synchronization between EEC 10 and the ignition
module 11 is achieved by establishing communication
periods and read periods according to engine position
within the engine cycle to ensure that transmission of a
SAW pulse does not occur simultaneously with the
reading out of a pulse from the accumulator within
module 11. In fact, a communication period in which a
SAW pulse is transmitted can occur substantially at any
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time during a cylinder event other than when a previous
spark advance word is being read or the accumulator is
being cleared. Preferably, a read period is established as
a fixed time segment of approximately 10 microseconds
at or near 10° after top dead center (ATDC). A read
period at 10° ATDC is preferred since most spark activ-
ity is absent during that period which might otherwise
cause interference.

Thus, spark advance is calculated in EEC 10, the
SAW pulse is communicated to ignition module 11 via
pulse width modulation, and ignition module 10 exe-
cutes the spark timing and controls ignition dwell.
Background loop time of EEC 10 is reduced since the
SAW pulse width and the determination of the occur-
rence of a communication period are computed through
simple algebraic methods. Since the real time require-
ment of spark timing and dwell are handled by ignition
module 11, background loop time for EEC 10 is short-
ened and overall engine performance is improved.

A preferred transfer function for relating pulse width
to spark advance angle is shown in FIG. 3. As engine
speed increases, the time available for transmitting a
SAW pulse decreases. Furthermore, a advance in spark
angle is associated with increased engine speed. Thus, a
transfer function is shown in FIG. 3 such that as SAW
pulse width decreases, spark advance before top dead
center increases. Thus, a valid SAW pulse width region
30 shows the valid operating region of spark advance
while regions 31 and 32 of the SAW transfer function
relate a SAW pulse width outside the valid region to a
default spark advance value of 10° BTDC. Valid SAW
pulse region 30 includes a pair of guard bands 33 to
protect against erroneous reading of a pulse as being
outside the valid range.

The preferred embodiment of the SAW pulse width
transfer function provides a spark target range of from
57.5° BTDC to 10° ATDC (i.e., minus 10° BTDC). The
specific range from 64 microseconds to 1792 microsec-
onds associated with the valid range of SAW pulse
width results in a SAW pulse width value which is an
integer exponent of 2 of the ignition module clock ticks.
This simplifies conversion of SAW pulse width to spark
time (i.e., location of the crankshaft), as will be dis-
cussed below.

" Referring now to FIG. 4, apparatus for transmitting
and receiving a SAW pulse is shown in greater detail.
Master controller or EEC 10 includes a microprocessor
34. An output data line Dy is connected to communica-
tion line 12 which is connected at its other end to a pulse
accumulator 35 in slave/ignition module 11. Line 12 is
connected to the input of a threshold detector with
hysteresis 36, such as a Schmitt trigger. The output of
detector 36 is connected to an input of a 3 input AND
gate 37. A clock signal 38 is coupled to another input of
AND gate 37. The output of AND gate 37 is connected
to a clock input of a counter 39. Counter outputs Q1 to
Q9 are coupled to a microprocessor 40. The next high-
est order output bit of counter 39, such as Q10, is con-
nected as an overflow signal to an inverter 41 which has
its output connected to the remaining input of AND
gate 37. Microprocessor 40 has an output connected to
a reset input of counter 39. Further outputs of micro-
processor 40 are connected to the driving inputs of a
pair of transistors 42 and 43 for driving the ignition
coils. In an alternative embodiment, the elements of
accumulator 35 could all be implemented within a mi-
crocontroller 40.
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In operation, microprocessor 34 in EEC 10 calculates
a desired spark angle and the corresponding SAW pulse
width for transmission on line 12. Microprocessor 34
provides an output signal at its output Dg for the time
corresponding to the SAW pulse width. The signal on
communication line 12 is detected by detector 36 which
provides a high output signal during the SAW pulse to
enable AND gate 37 for the transmission of clock signal
38. Thus, counter 39 counts the pulses of gated clock
signal 38 during a SAW pulse such that the output of
counter 39 is a digital accumulation of the SAW pulse.
If a SAW pulse is accumulated greater than the valid
pulse width, an overflow signal from Q10 causes the
output of inverter 41 to go low, thus preventing further
clock signals from passing through AND gate 37.

When microprocessor 40 detects a crankshaft posi-
tion corresponding to the time for reading the accumu-
lated pulse width (e.g., 10° ATDC), it reads the count
output from counter 39 and sends a reset pulse to the
reset input of counter 39 to prepare for accumulating
the next SAW pulse. The next communication time
period begins when the reset signal is removed from the
reset input of counter 39. Microprocessor 40 next recon-
verts the SAW pulse width to a spark advance angle
according to the method described below. Based on the
reconverted spark advance angle and a dwell deter-
mined by microprocessor 40, a pair of transistors 42 and
43 are energized to provide the appropriate coil current
to coils 16 (FIG. 1).

In order to simplify conversion of the SAW pulse
width into a spark advance angle and to minimize spark
conversion error, the SAW transfer function is related
to the pulse accumulator clock period by a factor of two
to an integer power, and to the engine crank marker
interval supplied to the ignition module. By including
the pulse accumulator clock period and an exponent of
two in the equation for finding SAW pulse width from
spark angle, the ignition module can rapidly convert the
SAW pulse width back to a spark angle while reducing
round off errors. The use of the crank marker interval
(measured in crankshaft rotation degrees per position
locating signal) in the equation for finding SAW pulse
width provides a reliable means for comparing a com-
manded spark advance with sensed position signals
when implementing a spark interval. This method re-
duces computing time and increases dynamic spark
accuracy within the ignition module. The formula for
calculating SAW pulse width from a desired spark ad-
vance angle is as follows:

SAW=2ZTDC-
—(ST*T*
2% /CMD)

where

SAW is the calculated pulse width (in microseconds);

ZTDC is the pulse width offset corresponding to the
SAW pulse width for a spark advance of 0° TDC;

ST is spark advance in degrees, and is negative for spark
angles after top dead center (ATDC);

T is the pulse accumulator clock period (in microsec-
onds);

2% is the number of steps between position signals for a
desired spark resolution and x is a whole number; and

CMI is the engine crank marker interval, i.e., the num-
ber of degrees of crankshaft rotation between signals
from the position sensor.
An appreciation of the crankshaft position signals and

the crank marker interval will be obtained from an












