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[57] ABSTRACT

An engine control device comprising has a processor which
receives a variety of operating state detection signals (such
as an engine crank angle signal and an accelerator opening
signal) and computes control quantities for an interrupt
routine on the basis of a predetermined signal such as the
engine crank angle signal or a signal generated at fixed basic
intervals, in accordance with a predetermined program dur-
ing a period of time between the predetermined signals. A
means is provided for counting and/or limiting the number
of times interrupt processing triggered by an activation
signal for the routine is executed during the period of time
between the predetermined signals whenever processing of
the routine exists.

9 Claims, 13 Drawing Sheets
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ENGINE CONTROL DEVICE HAVING AN
ARRANGEMENT FOR LIMITING
INTERRUPT PROCESSING

BACKGROUND OF THE INVENTION

The present invention relates to an engine control device
and an engine control method thereof.

In an engine control device of an automobile, a CPU of a
microcomputer carries out various kinds of control process-
ing on fuel injection by sensing detection signals represent-
ing a variety of operating states such as the engine speed of
the automobile, the accelerator opening and the air pressure
inside the intake pipe. In addition, the CPU also determines
the start of electrical conduction in the ignition system and
ignition timing in accordance with a crank angle signal in
synchronization with the rotation of the engine by invoking
an interrupt routine at predetermined time intervals. That is
to say, in the course of processing carried out by the CPU,
interrupt processing is triggered by an interrupt. The trig-
gering frequency of the interrupt processing can be limited
or the interrupt processing itself can even be inhibited.
Inventions for limiting the triggering frequency of such
interrupt processing are disclosed in the following patent
applications.

In Japanese Patent Laid-open No. Hei 2-86943, there is
disclosed an engine control device which comprises: a first
computation means for computing control data of an engine
by interrupt processing synchronized with the rotation of the
engine; an upper level interrupt processing means for com-
puting parameters such as an interrupt period and an inter-
rupt execution time in processing at a level higher than the
interrupt processing; a second computation means for com-
puting a ratio of an execution time of the interrupt process-
ing to an interrupt period of the first computation means; and
an interrupt inhibiting means for inhibiting a next interrupt
of the first computation means in case the ratio computed by
the second computation means exceeds a predetermined
value.

In Japanese Patent Laid-open No. Hei 6-249052, there is
disclosed an engine control method whereby: while process-
ing other than interrupt processing is being carried out a
predetermined number of times, a computation means 2
counts the number of times the interrupt processing syn-
chronized with the rotation of an engine is carried out; an
execution frequency determining means 3 determines an
execution frequency of the interrupt processing in accor-
dance with the number of times counted by the computation
means 2; and an inhibit means 4 inhibits computation of
control data by a computation means 1 activated by an
interrupt when the execution frequency determining means
3 determines to inhibit the computation of control data by
the computation means 1.

In addition, in Japanese Patent Laid-open No. Hei
4-228854, there is disclosed an input inhibiting means. To
put it in detail, in this application, there is disclosed an
ignition device for an engine which comprises: an operating
state detecting means for detecting the operating state of the
engine; a pulse generating means for outputting a pulse
signal at a predetermined crank angle of the engine; and a
control circuit which provides a driving circuit with a
command signal for executing various kinds of engine
control including control of an ignition system after a
predetermined period of time set in accordance with the
operating state of the engine has lapsed since a point of time
the pulse signal generated by the pulse generating means is
input, wherein the engine ignition system is provided with
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the input inhibiting means for inhibiting the pulse signal
from being input to the control circuit during a predeter-
mined period of time following an issuance of an ignition
command signal by the control circuit.

In Japanese Patent Laid-open No. Hei 4-228854, there is
disclosed the input inhibiting means for inhibiting the pulse
signal from being input to the control circuit during a
predetermined period of time following an issuance of an
ignition command signal by the control circuit. The inven-
tion disclosed in this application relates to timing advance
control. Ignition noise is generated only during a period of
about 50 microseconds following the issuance of an ignition
signal by a control unit. Thus, by inhibiting a crank angle
signal from being supplied to the control signal only during
a predetermined period of typically 100 microseconds, erro-
neous detection of the crank angle signal caused by ignition
noise can be avoided over the entire operating range, from
a low engine speed to a high engine speed, without regard
to what speed the engine is rotating at.

The two other inventions each relate to an interrupt
inhibiting method to inhibit processing of an interrupt which
occurs after processing with a higher priority has been
started.

If unnecessary processing to handle an inadvertent inter-
rupt that occurs due to noise or a software bug is carried out,
the operability and the gas exhaust performance deteriorate.
Thus, it is necessary to eliminate an inadvertent interrupt
that has potential as a cause of deterioration of the operat-
ability and the gas exhaust performance.

To put it in detail, the same routine may be activated again
as an inadvertent interrupt caused by noise or a software
bug. Execution of such unstable interrupt control will have
adversely affected the operability and the gas exhaust per-
formance.

SUMMARY OF THE INVENTION

It is thus an object of the present invention to provide an
engine control device and an engine control method that are
capable of eliminating adverse effects on operability and
exhaust gas performance by limiting the number of times an
inadvertent interrupt is allowed to be executed.

According to the present invention, instead of indiscrimi-
nately imposing a limit on the number of times an inadvert-
ent interrupt is allowed to be executed, an interrupt is
examined and diagnosed to determine whether or not it is
inadvertent.

According to inventors of the present invention, inadvert-
ent interrupts that are attributed to noise, a clock abnormality
or a software bug and may be accompanied by unnecessary
processing causing deterioration of the operability and the
gas exhaust performance can be classified into the following
two categories:

1. Interrupts occurring in a charge combustion state

Interrupts occurring in a uniform mixture charge com-

bustion state

Interrupts occurring in a stratified charge combustion state
2. Evaporative output comparison interrupts

To put it concretely, the present invention based on the
above classification provides an engine control device and
an engine control method thereof described as follows.

The present invention provides an engine control device
comprising: a processing means for receiving a variety of
operating state detection signals such as an engine crank
angle signal and an accelerator opening signal and for
computing control quantities of a routine on the basis of a
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predetermined signal such as the engine crank angle signal
or a signal generated at fixed basic intervals in accordance
with a predetermined program during a period of time
between the predetermined signals; and a means for limiting
or counting the number of times interrupt processing trig-
gered by an activation signal for the routine is executed
during the period of time between the predetermined signals
on condition that processing of the routine exists.

In addition, the present invention provides an engine
control device comprising: a processing means for receiving
a variety of operating state detection signals such as an
engine crank angle signal and an accelerator opening signal
and for determining fuel injection timing on the basis of the
engine crank angle signal in accordance with a predeter-
mined program during a period of time between the engine
crank angle signals; and a means for limiting the number of
times interrupt processing triggered by another activation
signal for fuel injection timing is executed during the period
of time between the predetermined crank angle signals to
zero on condition that at least processing to determine the
fuel injection timing exists in the period of time between the
predetermined crank angle signals.

Furthermore, the present invention provides an engine
control device characterized in that: a variety of operating
state detection signals such as an engine crank angle signal
and an accelerator opening signal are supplied to a process-
ing means; a fuel injection operation is determined by the
processing means on the basis of the engine crank angle
signal in accordance with a predetermined program during a
period of time between the engine crank angle signals; and
the number of times interrupt processing triggered by
another activation signal for the fuel injection operation is
executed during the period of time between the predeter-
mined crank angle signals in a lean burn operation is limited
or counted on condition that at least the fuel injection
operation exists in the period of time between the predeter-
mined crank angle signals.

Further, the present invention provides an engine control
device characterized in that: a variety of operating state
detection signals such as an engine crank angle signal and an
accelerator opening signal are supplied to a processing
means; an evaporative purge valve operation is determined
by the processing means on the basis of a clock timer signal
in accordance with a predetermined program; and the num-
ber of times interrupt processing triggered by another acti-
vation signal for the evaporative purge valve operation is
executed while a clock timer is counting is limited or
counted on condition that at least the evaporative purge
valve operation exists and the fact that contents of the clock
timer have not reached a value for the evaporative purge
valve operation.

In addition, the present invention provides an engine
control device comprising: a processing means for receiving
a variety of operating state detection signals such as an
engine crank angle signal and an accelerator opening signal
and for carrying out a control operation of a routine on the
basis of a predetermined signal such as the engine crank
angle signal or a signal generated at fixed intervals in
accordance with a predetermined program during a period of
time between the predetermined signals; and a means for
limiting or counting the number of times interrupt process-
ing triggered by an activation signal for the routine is
executed during the period of time between the predeter-
mined signals on condition that processing of the routine
exists, wherein at least a means for limiting or counting the
number of times is provided for a fuel injection setting
routine.

20

25

40

45

4

It is desirable to provide an engine control device wherein
the fuel injection setting routine comprises a uniform mix-
ture charge combustion setting sub-routine and a stratified
charge combustion setting sub-routine.

It is further desirable to provide an engine control device
wherein a time duration of control execution triggered by an
interrupt is measured by using a timer and, as a value of the
time duration equal to or greater than a threshold value set
in advance is detected, limitation is imposed on the number
of times.

It is still further desirable to provide an engine control
device wherein the number of times control triggered by an
interrupt is executed during a predetermined period of time
is measured and, as of a value of the number of times equal
to or greater than a threshold value set in advance is
detected, limitation is imposed on the number of times.

It is yet desirable to provide an engine control device
wherein, for interrupt control executed on the basis of clock
changes of CPUs, the clock changes are compared with each
other and, only if a set state is detected, the control is
executed.

By taking the countermeasures described above, no dete-
rioration of the operability and the gas exhaust performance
is expected even if the engine speed increases in the course
of processing. Based on this fact, the present invention also
provides a recording medium of an engine control device for
storing a predetermined program to be executed by a micro-
computer for: carrying out processing based on a variety of
operating state detection signals such as an engine crank
angle signal; carrying out a control operation in accordance
with a predetermined program during a period of time
between the engine crank angle signals; and limiting the
number of times interrupt processing triggered by an acti-
vation signal for the routine is executed during the period of
time between the engine crank angle signals on condition
that at least processing of the routine exists.

The technological scope of the present invention is not
limited to what is claimed in this specification: Instead, the
scope also includes engine control devices and recording
media that can be derived with ease from what is claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention will be described
with reference to the following diagrams wherein:

FIG. 1 is a diagram showing an example of an engine
system to which the present invention is applied;

FIG. 2 is a block diagram showing a control unit
employed in an engine control device provided by the
present invention;

FIG. 3 shows characteristics of an engine;

FIG. 4 is a functional block diagram showing an embodi-
ment implementing an engine control device provided by the
present invention;

FIG. 5 shows a general flowchart representing an example
of control to handle an inadvertent interrupt;

FIG. 6 shows a general flowchart representing conven-
tional control based on internal interrupts;

FIG. 7 is a typical timing diagram used for explaining an
example of execution of the conventional control;

FIG. 8 shows a general flowchart representing control to
handle an inadvertent interrupt;

FIG. 9 shows a time chart used for explaining execution
of control of interrupts which are normally generated at
predetermined intervals;

FIG. 10 shows a general flowchart representing control in
which the number of interrupts generated during a prede-
termined period of time shown in FIG. 9 is taken into
consideration;


















