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@ Fuel Injection control apparatus for internal combustion engine.

@ A fuel injection control apparatus for an internal com-
bustion engine for supplying an additional amount of fuel in
addition to a basic amount of fuel when an acceleration
condition is detected in accordance with a throttle opening
change rate.

The apparatus calculates a compensation factor of
amount of fuel in acceleration on the basis of the present
value of the calculated throttle opening change rate and
modifies the compensation factor in accordance with the
operating condition of the engine to thereby determine the
amount of additional fuel on the basis of the modified
compensation factor.
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FUEL INJECTION CONTROL APPARATUS

FOR INTERNAL COMBUSTION ENGINE

CROSS REFERENCE OF RELATED APPLICATIONS

This application relates to the subject matter
of a copending U.S. Application Serial No. 471435 filed
on March 2, 1983.

The present invention relates to a fuel
control apparatus employing a microcomputer, and, more
particularly, to a fuel injection apparatus in which
additional fuel for acceleration compensation is
injected in accordance with the state of acceleration

detected on the basis of the opening of a throttle
valve.

Recently, general control for an engine is
performed by using a microcomputer for the purpose of
improvement in engine control performence.

Various functions are required for the engine
control depending on the kind or type/use of car, and,
therefore, in the engine control system utilizing a
microcomputer, a general purpose software, that is a
software in which correction, modification or addition
can be effected onto the various control functions
depending on the kind/use of car, is required in view
of improvement in cost and/or in controllability.

Conventionally, the amount of suction air in

an engine has been indirectly detected on the basis of
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the pressure in a suction manifold, or the total amount
of sucgtion air per suction stroke has been obtained by
directly detecting the air flow rate. 1In the former,
since it is a indirect method, there is a disadvantage
that the accuracy is poor, the variations and/or
deterioration in performence of engine may affect the
detection, and the responsibility is not so good. The
latter method also has a disadvantage that a flow rate
sensor having high accuracy (error: within + 1% of read
value) and a wide dynamic range (1:50) is required,
resulting in increase in cost. It is preferable to use
a so-called hot-wire type flow rate sensor (hereinafter
referred to as a hot-wire sensor) as the flow rate sen-
sor, becuase the hot-wiré sensor has a characteristic
allowing a wide dynamic range and reduction in cost can
be expected.

However, the suction air flow rate in engine
is not constant but has pulsations, so that the output
signal from a flow rate sensor has a non-linear
charactristic with respect to the suction air flow, it
becomes necessary to obtain the air flow rate in suc-
tion stroke in the form of integration of instantaneous
air flow rates, and complex operations are required for

the integration. That is, the hot-wire output voltages

v shown in Fig. 1 can be obtained according to the

following equation (1) :
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_v.= N/C1+C2 qu: ceees (1)

where qp represents the mass flow rate and C;, C3
represent constants determined by the shape of intake

manifold etc. This equation (1) can be changed into the

following equation (2) :

V2=C1+C2 ’J qA LN ) (2)

Assuming now that v = vg when the rotational number of
engine N = 0 and the mass flow rate gy = 0, the equation

(2) is expressed as follows:

LI B N Y S Y (3)

Thus, the following equations (4) and (5) are derived
from the equations (2) and (3) and an instantaneous

value of mass flow rate gp can be obtained from the

equation (5).

ve = vg + Cp ,)qA ceens (4)
1

dp = 5 (v2 - V0)2 ceese (5)
C2

Thus, the average or mean air flow rate in one suction

stroke Qp can be expressed as follows:
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where A® represents a crank angle between two adjacent
sampling points of ga.

Further, the amount of fuel injection Qp for
one suction stroke can be expressed by the following

equation (7) :

kQa

QF= LI B I R N Y (7)
N

where N represents the number of engine revolution and k
a constant. This means that the amount of fuel injec-
tion Qp for one stroke can be determined on the basis of
the obtained value of Qp and the number of engine revo-
lution N.

Although the basic fuel injection amount Qp
can be obtained in such a manner as described above,
acceleration can not be smoothly effected by using only
the thus-obtained basic fuel injection amount Qp when
acceleration becomes necessary, because of delay in com-
putation of the value Qp, etc. It has been effected,
therefore, to compensate the basic fuel injection amount

in accordance with the detection of the state of acce-~

leration on the basis of the change in the take-in

tw,
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amount of Q. However, the suction air flow rate Qp

has puls;tions as described above and an error may occur
in detection of the state of acceleration. This applies
to the case of decelerating operation. Therefore, the
state of acceleration or deceleration is detected on

the basis of the detection of the opening of the
throttle valve. That is, the throttle opening TH 1is
sampled at a predetermined regular interval of time, for
example every 10 msec, (by interval interruption) so
that the sampling value TH at present is compared every
10 msec with the sampling value TH(OLD) sampled before
30 msec to obtain the difference ATH therebetween and
judgement is made such that the engine is in the state
of acceleration when ATH > 0.

In response to the detection of this state of
acceleration, additional fuel for the compensation for
acceleration is additionally injected. Such a system
for detecting- the acceleration and injecting the addi-
tional fuel is shown in Japanese Patent Publication No.
49-45653 and U.S.P. No. 3,898,962,

In conventional systems, the additional fuel
injection has been pérformed at the time of acceleration
in accordaqce with the predetermined condition of the
throttle opening change rate regardless of the operating
conditions such as the engine speed or load.

The disadvantage is, however, that since the

intake manifold is still dry at low engine speeds or
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under_small load conditions, the additional fuel injec-
tion in acceleration determined on the basis of the
throttle opening change rate is not sufficient for
wetting the intake manifold, thereby making it impossible
to acheive sufficient acceleration.

Specifically, since the basic amount of fuel
injection under low loads is smaller than that under
heavy loads, it is difficult to accelerate the car
sufficiently when the load of the engine is small just
before acceleration.

This is because when the load is small before
acceleration, the intake manifold is not sufficiently
wetted due to small basic amount of fuel injection,
so that it takes sometime to wet the intake manifold
thereby making the fuel air mixture lean at the
beginning of acceleration.

Also, since the basic amount of fuel injection
at low engine speed is smaller than that at high engine
speed, it is difficult to accelerate the car sufficiently
when the engine speed is low just before acceleration.
This is because, at low engine speed, the basic amount
of fuel injection is so sméll that it takes some time to
wet the intake manifold well thereby making the fuel air
mixture lean at the beginning of acceleration. This is
also the case with the acceleration from an idle or
decelerating state.

Accordingly, it is an object of the present

(1%
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invention to provide a fuel injection control apparatus
which is capable of optimumly controlling the engine at
the time of acceleration regardless of the engine
operating conditions just before acceleration.

In order to achieve this object, according to
the present invention, the additional fuel injection
amount in acceleration is increased in accordance with
the engine operating conditions just before acceleration.

The above and other objects, features and
advantages of the present invention will become more
apparent from the following description taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a characteristic diagram of the
hot-wire sensor output voltage with respect to the crank
shaft rotational angle;

Fig. 2 is a schematic diagram of the control
device for the whole of the engine system;

Fig. 3 is a diagram for explaining the
ignition device in Fig. 2;

Fig. 4 is a diagram for explaining the exhaust
gas recirculation system;

Fig. 5 is a block diagram generally
illustrating the engine control system;

F{g. 6 is a block diagram illustrating the
basic construction of the program system for the engine
control process according to the present invention;

Fig. 7 is a diagram showing a table of task
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contral blocks provided in RAM controlled by a task
dispatcher;

Fig. 8 is a diagram showing a start address
table for the tasks actuatable by various interruptions;
Figs. 9 and 10 are flowcharts for the

processes of the task dispatcher;

Fig. 11 is a flowchart for executing a macro
processing program;

Fig. 12 is a diagram showing an example of
task priority control;

Fig. 13 is a diagram showing the transition of
state of the task in the above-mentioned task priority
control;

Fig. 14 is a particular flowchart in Fig. 6;

Fig. 15 is a diagram showing the timing for
taking-in the hot-wire output voltage;

Fig. 16 (A) - (C) is a diagram showing the
relation between the suction air flow rate and the
injection timing in the fuel injection system to which
the present invention is applied;

Fig. 17 is a flowchart for processing
interruptions;

_Fig. 18 is a diagram showing the alteration
of an air flow rate reference value with respect to the
temperatue of engine cooling water;

Fig. 19 is a flowchart showing the processing

of fuel injection control in acceleration according to

w

rfu

o

[ ]4



A

10

15

20

25

0106366
-9 -
an embadiment of the present invention;

Fig. 20 (A) =~ (¢) is time charts showing
the relation between throttle valve opening, injection
pulses and fuel air mixture according to the embodiment
of Fig. 19;

Fig. 21 is a flowchart showing another embodi-
ment of the present invention;

Fig. 22 is a three-dimensional map showing the
relation between the cooling water temperature, negative
pressure and compensation factor;

Fig. 23 is a flowchart showing still another

embodiment of the present invention;

Fig. 24 is a diagram showing the relation
between engine speed and compensation factor;

Fig. 25 is a flowchart showing a further
embodiment of the present invention;

- Fig. 26 (A), (B), (C),(D),(E) is time charts
showing the relation between the throttle valve opening,
injection pulse, aﬁount of additional injection, fuel
air mixture, etc. in the embodiment of Fig. 25;

Fig. 27 is a flowchart showing still another
embodiment of the present invention;

Fig. 28 is a time chart showing the relaiton
between the throttle valve opening and the injection
pulses in the embodiment of Fig. 27.

Fig. 29 is a diagram showing a soft timer

table provided in RAM;
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Fig. 30 is a flowchart for executing the
proceééing of interval (INTV) interruption;

Fig. 31 is a time chart showing various
states of start/stoppage of various tasks effected in

accordance with the engine state; and

L)

Fig. 32 is a block diagram of the interruption

)

request (IRQ) generating circuit.

Referring to the drawings, preferred embodi-
ments of the present invention will be described
hereunder.

In Fig.2, a control apparatus for the whole of
an engine system is illustrated. 1In Fig.2, suction air
is supplied to a cylinder 8 through an air cleaﬁer 2, a
throttle chamber 4, and a suction pipe 6. A gas burnt
in the cylinder 8 is dishcarged from the cylinder 8 to
the atomospher through an exhaust pipe 10. An injector
12 for injecting fuel is provided in the throttle
chamber 4. The fuel injected from the injector 12 is
atomized in an air path of the throttle chamber 4 and
mixed with the suction air to form a fuel-air mixture

which is in turn supplied to a combustion chamber of the

q’)‘

cylinder 8 through the suction pipe 6 when a suction

e

valve 20 is opened.

Throttle valves 14 and 16 are provided in fhe
vicinity of the output of the injector 12. The throttle
valve 14 is arragned so as to mechanically interlocked

with an accelerator pedal (not shown) so as to be driven
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by the driver. The throttle valve 16 is arranged to be
ariven by a diaphragm 18 such that it becomes its fully
close state in a range where the air flow rate is small,
and as the air flow rate increases the negative pressure
applied to the diaphragm 18 also increases so that the
throttle valve 16 begins to open, thereby suppressing

the increase of suction resistance.

An air path 22 is provided at the upper stream
of the throttle valves 14 and 16 of the throttle chamber
4 and an electrical heater 24 constituting a thermal air
flow rate meter is provided in the air path 22 so as to
derive from the heater 24 and_électric signal which
chanqes in accordance with the air flow velocity which
is determined by the relation between the air flow

velocity and the amount of heat transmission of the

heater 24. Being provided in the air path 22, the

heater 24 is protected from the high temperature gas
generated in the period of back fire of the cylinder 8
as well as from the pollution by dust or the like in the
suction air.

The outlet of the air path 22 is opened in

the vicinity of the narrowest portion of the venturi and

the inlet of the same is opened at the upper stream of

the venturi.

Throttle opening’ sensors (not shown in Fig.3
but generally represented by a throttle opening sensor
116 in Fig.5) are respectively provided in the throttle

valves 14 and 16 for detecting the opening thereof and
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the detiction signals from these throttle opening sen-
sors, that is the sensor 116, are taken ihto a
multiplexer 120 of a first analog-to-digitai converter
as shown in Fig.5.

The fuel to be supplied to the injector 12 is

w

first supplied to a fuel pressure regulator 38 from a

fuel tank 30 through a fuel pump 32, a fuel damper 34,
and a filter 36. Pressurized fuel is supplied from the
fuel pressure regulator 38 to the injector 12 through a
pipe 40 on one hand and fuel is returned on the other
hand from the fuel pressure regulator 38 to the fuel
tank 30 through a return pipe 42 so as to maintain
constant the difference between the pressure in the suc-
tion piée 6 into which fuel is injected from the injec-
tor 12 and the pressure of the fuel supplied to the
injector 12.

The fule-air mixture sucked through the
suction valve 20 is compressed by a piston 50, burnt by
a spark produced by an ignition plug 52, and the com-
bustion is converted into kinetic energy. The cylinder
8 is cooled by cooling water 54, the temperature of the <

cooling water is measured by a water temperature sensor

t}\

56, and the measured value is utilized as an engine tem-
perature. A high voltage is applied‘from an ignition
coil 58 to the ignition plug 52 in agreement with the
ignition timing.

A crank angle sensor (not shown) for producing
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a reference angle signal at a regular interval of prede-
termined crank angles (for example 180 degrees) and a
position signal at a regular interval of a predetermined
unit crank angle (for example 0.5 degrees) in accordance
with the rotation of engine, is provided on a not-shown
crank shaft.

The output of the crank angle sensor, the out-
put 56A of the water temperature sensor 56, and the
electrical signal from the heater 24 are inputted into a
control circuit 64 constituted by a microcomputer or the
like so that the injector 12 and the ignition coil 58
are driven by the output of this control circuit 64.

In the engine system controlled by the
arrangement as described above, a bypass 26 bypasging
the throttle valve 16 to communicate with the suction
pipe 6 is provided and a bypass valve 62 is provided in
the bypass 26. A control signal is inputted to a drive
section of the bypass valve 62 from the control circuit
64 to control the opening of the bypass valve 62.

That is, the opening of the bypass valve 62 is
controlled by a pulse current such that the cross-
sectional area of the bypass 26 is changed by the amount
of lift of valve which is in turn controlled by a drive
system driven by the output of the control circuit 64,
That 1is, the control circuit 64 produces an open/close

period signal for controlling the drive system so that

the drive system responds to this open/close period
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signal to apply a control signal for controlling the
amount of lift of the bypass valve 62 to the drive sec-
tion of the bypass valve 62.

In Fig.3, which is an explanatory diagram of
the ignition device of Fig.2, a pulse current is
supplied to a power transistor 72 through an amplifier

68 to energize this transistor 72 so that a primary coil

pulse current flows into an ignition coil 58 from a bat-

tery 66. At the trailing edge of this pulse current,
the transistor 74 is turned off so as to generate a high
voltage at the secondary coil of the ignition coil 58.

This high voltage is distributed through a
distributor 70 to ignition plugs 52 provided at the
respective cylinders in the engine, in synchronism with
the rotation of the engine.r

In Fig.4, which is an explanatory diagram of
an exhaust gas reflux (hereinafter abbreviated as EGR)
system, a predetermined negative pressure of a negative
pressure source 80 is applied to an EGR control valve 86
through a pressure control valve 84. The pressure
control valve 84 controls the ratio with which the pre-
determined negative pressure of the negative pressure
source is released to the atomosphere 88, in response to
the ON duty factor of the repetitive pulse applied to a
transistor 90, so as to control the state of application
of the negative pressure pulse to the EGR control valve

86. Accordingly, the negative pressure applied to the

)

w
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1 EGR control valve 86 is determined by the ON duty factor
of the transistor S0 per se. The amount of EGR from the
exhaust pipe 10 to the suction pipe 6 is controlled by
the controlled negative pressure of the pressure control

5 valve 84.

»

Fig.5 is a diagram showing the whole con-

N figuration of the control system which is constituted by
a central processing unit (hereinafter abbreviated as
CPU) 102, a read only memory (hereinafter abbreviated as

10 a ROM) 104, a random access memory (hereinafter abbre-~
viated as RAM) 106, and an input/output (hereinafter
abbreviated as I/0) circuit 108. The CPU 102 operates
input date from the I/0 circuit 108 in accordance with
various programs stored in the ROM 104 and returns the

15 result of operation to the I/O circuit 108, Temporary
data storage necessary for such an operation is per-
formed by using the RAM 106. Exchange of various data
among the CPU 102, the ROM 104, the RAM 106, and the I/0
circuit 108 is performed through a bus line 110 consti-

20 tuted by a data bus, a control bus, and an address bus.

The I/0 circuit 108 includes input means such
as the above-mentioned first analog-to-digital converter
(hereinafter abbreviated as ADCl), a second analog-to-
digital converter (hereinafter abbreviated as ADC2), an

25 angular signal processing circuit 126, and a discrete
I/0 circuit (hereinafter abbreviated as DIO) for

inputting/outputting one bit information.
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In the ADCl, the respective output signals of
a battery voltage sensor (hereinafter abbreviated as
VBS) 132, the above-mentioned cooling water temperature
sensor (hereinafter abbreviated as TWS) 56, an ato-
mosphere temperature sensor (hereinafter abbreviated as
TAS) 112, a regulation voltage generator (hereinafter
abbreviated as VRS) 114, the above-mentioned throttle
opening sensor (hereinafter referred to as 6THS) 116,
and a X sensor (hereinafter abbreviated as 1S) are
applied to the above-mentioned multiplexer 120
(hereinafter abbreviated as MPX) 120 which selects one
of the respective input signals and inputs the selected
signal to an analog-to-digital con?erter circuit ’
(hereinafter abbreviated as ADC) 122. The digital value
of the output of the ADC 122 is stored in a register
(hereinafter abbreviated as REG) 124.

An output signal of an air flow rate sensor
(hereinafter abbreviated as AFS) 24 is inputted to the
ADC2 in which tﬁe signal is A/D converted in an ADC 128
and set in a REG 130.

An angle sensor (hereinafter abbreviated as
ANGS) 146 produces a reference signal representing a
reference crank angle (hereinafter abbreviated as REF),
for example as a signal generated at an interval of 180
degrees of crank angle, and a position signal repre-

senting a small crank angle (hereinafter abbreviated as

POS), for example 1 (one) degree. The REF and POS are

jt i
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applied to the angular signal processing circuit 126 to
be waveform-shaped therein.

The respective output signals of an idle
switch 148 (hereinafter abbreviated as IDLE-SW) 148, a
top gear switch (hereinafter abbreviated as TOP-SW) 150,
and a starter switch 152 (hereinafter abbreviated as
START-SW) are inputted into the DIO.

Next, a circuit for outputting pulses in
accordance with the result of operation of the CPU 102
and an object to be controlled will be described
hereunder. An injector circuit (hereinafter abbreviated
as INJC) 134 is provided for converting the digital
value of the result of operation into a pulse output.
Accordingly, a pulse having a pulse width corresponding
to the amount of fuel injection is generated in the INJC
134 and applied to the injector 12 through an AND gate
136.

An ignition pulse generating circuit
(hereinafter abbreviated as IGNC) 138 includes a
register (hereinafter referred to as ADV) for setting
ignition timing and another register (hereinafter
referred to as DWL) for seﬁting initiating timing of the
primary current conduction of the ignition coil 58 and
these data are set by the CPU 102. The ignition pulse
generating circuit 138 produces a pulse on the basis of
the thus set data and supplies this pulse through an AND

gate 140 to the amplifier 68 described in detail with
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respect to Fig. 3.

The rate of opening of the bypass valve 62 is
controlled by a pulse supplied thereéo by a control cir-
cuit (hereinafter referred to as ISCC) 142 through an
AND gate 144. The ISCC 142 has a register ISCD for
setting a pulse width and another register 1SCP for
setting a repetitive pulse period.

An EGR amount controlling pulse generating
circuit (hereinafter abbreviated as EGRC) 180 for
controlling the transistor 90 which controls the EGR
control valve 86 as shown in Fig.4, has a register EGRD
for setting a value representing the duty factor of the
pulse and another register EGRP for setting a value
representing the repetitive pefiod of the pulse.' The
output pulse of the EGRC 154 is applied to the tran-
sistor 90 through an AND gate 156.

The one-bit I/0 signals are controlled by the
circuit DIO. The I/0 signals include the respective
output signais of the IDLE-SW 148, the TOP-SW 150 and
the START-SW 152 as input signals, and include a pulse
signal for controlling the fuel pump 32 as an output
signal. The DIO includes a register DDR for determining
whether a terminal be used as a data inputting one or a
data outputting one, and ahother register DOUT for
latching the output data.

A register (hereinafter referred to as MOD)

160 is provided for holding commands instructing various

W
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internal states of the I/O circuit 108 and arranged such
that, for example, all the AND gates 13§, 140, 144, and
156 are turned on/off by setting a command into the NOD
160. The stoppage/start of the respective outputs of
the INJC 134, IGNC 138, and ISCC 142 can be thus
controlled by setting a command into the MOD 160.

Fig.6 is a diagram illustrating a basic con-
figuration of a program system of the control circuit of
Fig.6.

In Fig.6, an initial processing program 202,
an interruption processing program 206, a macro pro-
cessing program 228, and a task dispatcher 208 are
programs for controlling various tasks. The initial
processing program 202 is for executing preprocessing
for causing a microcomputer to operate. According to
the initial processing program 202, for example, the
contents of storage of the RAM 106 is cleared, the
initial values of registers in the I/0 interface circuit
108 are set, and processing for taking-in data, such as
the cooling water temperature Tw, the battery voltage,
for performing- the preprocessing necessary for per-
forming the engine control is executed. The interrup-
tion processing program 206 receives various interrup-
tions, analyzes the factors of the interruptions, and
produces a request for causing a desired one of tasks
210 to 226 to the task dispatcher 208. The interruption

factors include an A/D conversion interruption (ADC)
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generated upon the completion of A/D conversion of the
input aata such as the power source voltage, the cooling
water temperature as described later, an initial
interruption (INTL) generated in synchronism with the
engine revolution, an interval interruption (INTV)
generated at a predetermined interval of time, for
example every 10 msec, an engine stoppage interruption
(ENST) generated upon the detection of the engine stop-
page, or the like.

Task numbers representing priority are
allotted to the tasks 210 to 226, and the respective
tasks belong to any one of the task levels "0", "1", and
"2"., That is, the task Nos. 0 to 2 belong to the task
ievel “0", the task Nos. 3 to 5 belong to the task level
"1", and the task Nos. 6 to 8 belong to the task level
2",

Upon the reception of the activation requests
by the above-mentioned various interruptions, the task
dispatcher 208 résponds to the activation reque.ts to
allot occupation time onto the CPU to the respective
tasks in accordance with the priority rank attached to
the respective tasks corresponding to the activation
requests.

The task priority éontrol by the task
dispatcher 208 is performed by the following method:

(1) The task of low priority rank is interrupted

and the displacement of the right of execution to the

¥
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task of higher priority rank is effected between dif-
ferent task levels. It is assumed here that the task
belonging to the level "0" has the highest priority
rank;
(2) In the case there is a task which is executing
or being interrupted at present in the same task level,
the task has the highest priority rank and other tasks
can not be operated before the task has been completed;
and
(3) In the case there are activation requests for
a plurality of tasks in the same task levels, a task
having a smaller task number has a higher priority rank.
In order to perform the above-mentioned priority
control, according to the present invention, a soft
timer is provided in the RAM 106 for each task and
control blocks for controlling tasks are set in the RAM
for each task level, while the contents of processing of
the task dispatcher 208 will be described later., Every
time each of the tasks has been executed, the task
dispatcher 208 is informed of the completion of execu-
tion of the task by the macro processing program.
Referring to Figs.7 to 13, the contents of
processing of the task dispatcher 208 will be described.
Fig.¥ shows task blocks of the same number as that of
the task levels, that is three in this embodiment since
there are three task levels "0" to "2", are provided in

the RAM controlled by the dispatcher 208. Eight bits
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are allotted to each control block. Three of the eight
bits, éiat is 0-th to 2nd bits (Qg ~ 0Q2), are the acti-
vation bits for performing activation request task indi-
cation and the 7-th bit (R) is used for execution bit
for indicating whether any one of the same task level is
being executed or being interrupted. The activation
bits Qp - Q are arranged in the order of decreasing the
priority rank. For example, the activation bit
corresponding to the task No.4 in Fig.6 is Qg in the
task level "1". When a task activation réquest is
issued, a flag "1" is set to any one of the activation
bits, and at the same time the task dispatcher 208
searches for the issued activation request in the acti;
vation bits in the order from the activation bit
corresponding to the task of higher level so that the
flag corresponding to the issued activation request is
reset and flag "1" is set to the execution bit to

thereby execute the processing for activating the task

- corresponding thereto.

Fig. 8 shows an activation address table pro-
vided in the RAM 106 controlled by the task dispatcher
208. SAO to SAS represent the activation addresses
correspond to the task Nos.0 to 8 of the tasks 210 to
226 as shown in Fig.6. Sixteen bits are allotted to
each activation address information which is used for
the task dispatcher 208, as described later, to activate

the task corresponding to the issued activation request,

It
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Figs. 9 and 10 show flowcharts for the pro-
cessing performed by the task dispatcher 208. Upon ihe
initiation of the processing by the task dispatcher 208
in a step 300 in Fig. 9 , judgement is made as to whether
the tasks belonging to the task level 2 are being exe-
cuted or interrupted in a step 302. That is, if flag
"1" is detected in the execution bit, the flag "1" indi-
cates the state that the macro processing program 228
does not yet issue the task completion information to
the task dispatcher 208 and the task which had been exe-
cuted is being interrupted because interruption of
higher priority rank has been generated. Accordingiy,
if flag hl" is detected iq the execution bit, the pro-
cessing is jumped to a step 314 in which the interrupted
task is reactivated.

In the case no flag "1" is detected in the
execution bit, on the contrary, that is when the
execution indication flag is reset, the processing is
shifted to the step 304 in which judgement is made as to
whether there is any task waiting for activation in the
level L. That is, the activation bits in the level
are searched for in the order of decreasing the priority
rank of the tasks corresponding to the activation bits!
that is in the order of Qy, 0; and Q. If no flag "1"
is detected in any one of the activation bits belonging
to the level &, the processing comes to a step 306 in

which the task level is altered. That is, the task

.-
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level 1 is incremented by +1 so as to be #+1. Upon
the alteration of the task level in the step 306, the
processing comes to a step 308 in which judgement is
made as to whether all the task levels have been
checked. 1In the case where all the task levels have
been not yet checked, that is, when 22 in this embodi-
ment, the processing comes back to the step 302 and the
above-mentioned processing is repeated. 1In the case
where the result of judgement proves that all the task
levels have been checked in the step 308, the processing
comes to a step 310 in which inhibit to interruption is
released because interruption has been inhibited during
the processing in the steps 302 to 308. Thereafter, in
the next step 312, next issued interruption is waited
for.

If there is a task waiting for activation in
the level ® in the step 304, that is if flag "1" is
detected in one of the activation bits belonging to the
task level 1!, the processing comes to a step 400. 1In
the loop constituted by the step 400 and the next step
402, search is made as to which one of the activation
bits in which one of the task levels is provided with
flag "1", in the order of decreasing the priority rank
of the task levels, that is in the order of Qp, 07, and
Q2. When the activation bit provided with flag "1" is
detected, the processing comes to a'step 404 in which

the activation.bit provided with flag "1" is reset and

1324
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flag "1" is set to the execution bit (hereinafter
referred—to R) of the same task level. 1In a step 406,
the number of the activated task is detected, and in a
step 408, the activation address information as to the
activated task is derived in accordance with the activa-
tion address table provided in the RAM as shown in
Fig.8.

In a step 410, judgement is made as to whether
the activated task be executed or not. 1In this case,
the necessity of the execution is judged on the basis of
the value of the activation address information. That
is, when the activation address information has a speci-
fic value, for example "0", the judgement is such that
the execution is not necessary. It is necessary to pro-
vide this judgement step in order to cause a car to have
a function of performing only a specific one of the task
functions for performing engine control selected
depending on the kind of the car. When judgement is
made in the step 410 such that the execution of the spe-
cific task is stopped, the processing comes to a step
414 in which the R-bit of the specific task level 2 is
reset. then, the processing comes back to the step 302
in which judgement is made as to whether the task level
* is being interrupted or not. This is because there
may be a case where a plurality of activation bits are

provided with flag "1".

In the case where the execution of the speci-
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fic task is not inhibited, that is when the specific
task 6; executed, the processing comes to a step 412 in
which jump is made to the specific task so as to execute
the task.

Fig.ll shows a flowchart for processing the
macro processing program 228. This program is consti-
tuted by steps 562 and 564. 1In these steps 562 and 564,
the task levels are searched in the order of increasing
the task level, that is in the order from the level "0"
so as to find completed task level or levels. Then the
processing comes to a step 568 in which the execution
(RUN) flag provided in the 7th bit in the task control .
block of the completed task is reset, thus, the execu--
tion of the task has been completed. Then, the pro-
cessing comes back to the task dispatcher 208 in which
the next execution task is determined.

Referring to Fig.12, the execution and
interruption of task will be explained as to the case
where the task §riority control is performed by the task
dispatcher 208. Assume that in the activation reguest
Npn: M represents the task level and n represents the
rank of priority in the task level m, and that the CPU

is executing the control program 0S. The, when an acti-

‘vation request Ny is generated in executing this

control program 0S, the execution of the task
corresponding to the activation request Npj, that is the

execution of the task No.6, is initiated at the time T;.

[}

iy
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If another activation request Ngj for the task having a
higher execution priority rank is issued at the time

To in executing the task No.6, the execution is shifted
to the control program O0S and after predetermined pro-
cessing has been performed as already described, the
execution of the task corresponding to the activation
request Ngj, that is the execution of the task No.0, is
initiated at the time T3. When a further activation
request Njj is issued at the Time T4 in executing the
task No.0, the execution is once shifted to the control
program OS and after a predetermined processing has been
executed, the execution of the task No.,0 which has been
so far interrupted is restarted at the time T5. When

the executio of the task No.0 is completed at the time

Té, the execution is shifted again to the control
program 0OS, the completion of execution of the task No.0
is reported by the macro processing program 228 to the
task dispatcher 208, and then the execution of the task
No.3 which correspoﬁds to the activation request Nj; and
which has been so far waiting for reactivation is ini-
ti;ted at the time T;. When an activation request Ny,
having a lower priority rank in the same task level "1"
is issued at the time Tg in executing the task No.3, the
executin of the task No.3 is once interrupted, the exe-
cution is once shifted to the control program 0S, and
after a predetermined processing.has been performed, the

execution of the task No.3 is restarted at the time Tg.
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Upon_the completion of the execution of the task No.3 at

the time Tjp, the execution of the CPU is shifted to the

control program OS, the completion of execution of the
task No.3 is reported by the macro program 228 to the
task dispatcher 208, the execution of the task No.4
corresponding to the activation request Nj; of lower
priority rank is initiated at the time Ty;, the execu-
tion is shifted to the control program OS upon the
completion of execution of the task No.4 at the time
T12, and after a predetermined processing has been per-
formed the execution of the task No.6 which corresponds
to the activation request Nzj and which has been so far
interrupted is restarted at the time T13.

The task priority control is performed in the
manner as described above.

The state of transition in the task priority
control is illustrated in Fig.13 "Idle" represents the
state in which activation is waited for and no task
activation request has been issued. Then, if an activa-
tin request is issued, flag "1" is set to the activation
bit of the task control block so as to indicate the
necessity of activation. The time required for shifting
from the state "Idle" to the state "Queue" is determined
by the level of the respective task. 1In the state
"Queue", the order of execution is determined on the
basis of the rank of priority. The specific task is

brought into the state of execution after the flag of

44
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the activation bit of the task control block has been
reset 5} the task dispatcher 208 in accordance with the
control program 0S and a flag "1" has been set to the R-
bit (7th bit). Thus the execution of task is initiated.
This is the state "Run". Upon the completion of execu-
tion, the flag of the R-bit of the task control block is
cleared and the completion report is terminated. Thus,
the state "Run" ends and the state "Idle" is recovered
to wait for the issuance of the next activation request.
If an interruption request IRQ is generated in executing
a task, that is in the state "Run", the execution of the
task has to be interrupted. For this, the contents of
the CPU is shﬁnted and the execution is interrupted.
This state is "Réady". Next, when the state in which
the task is to be executed is recovered, the shunted
contents is returned back to the CPU and execution is
restarted. That is, the state "Run" is recovered from

the state "Ready". Thus, the respective level program

repeates the four states of Fig.l13. Fig.13 shows a
typical flow. However, there may be a case where a flag
"1" is set to the activation bit of the task control
block in the state "Ready". This is the case, for
example, in the state of interruption of activation of a
task, the next activation request timing of the task is
reached. 1In this case the flag in the R-bit takes pre-
ference and the task which is being interrupted is ter-

minated, Thus, the flag in the R-bit is cleared and the
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state becomes "Quene" bypassing the state "Idle"™ due to
the glag in the activation bit. Thus, each of the tasks
Nos.0 to 7 is in any one of the four states of Fig.3.

Fig. 14 shows a particular embodiment of the
program system as shown in Fig.6. 1In Fig.l4, a control
program OS includes an initial processing program 202,
an interruption processing program 206, a task
dispatcher 208, and a macro processing program 228.

The interruption program 206 includes various
kinds of interruption processing programs in which an
initial interruption processing (hereinafter referred to
as an INTL interruption processin) 602 generates initial
interruptions in the number of half the number of the
enginé cylinders per revolution, for example twice per
revolution in the case of four cylinders, due to an ini-
tial interruption signal generated in synchronism with
the engine revolution. The date indicative of the fuel
injection timing computed by an EGI task 612 in response
to the above-méntioned INTL interruption is set in a
register INJD in the INJC 134 included in the I1I/0 inter-
face circuit 108 (Fig.5). Aan A/D conversion interrup-
tion processing 604 includes two kinds of iﬁterruption,
that is, an ADCl (Fig.5) interruption and an ADC2
(Fig.5) interruption. The' ADC1 (Fig.S) has the accuracy
of 8 bits, and is used for inputting data such as the

battery voltage, the cooling water temperture, the suc-

tion air temperature, the regulated voltage, etc.,

[£Y
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applied thereto. The ADCl starts the A/D conversion as
soon as t;e input point to the MPX 120 (Fig.3) is
assigned, and issues the ADCl interruption upon the
completion of the A/D conversion. The ADCl interruption
is used only before cranking. The ADC 128 in the ADC2
(Fig.5) is used for inputting the data indicative of the
air flow rate and generates the ADC2 interruption imme-
diately after the A/D conversion. The ADC2 interruption
is also used only before cranking.

In an interval (hereinafter abbreviated as
INTV) interruption proceSsing program 606, an INTV
interruption signal is generated at a time interval of a
predetermined time of, for example, 10 msec set in an
INTV register (not shown) and is used as a basic signal
for monitoring the activating timing of tasks to be
activated at a predetermined interval of time. This
INTV interruption signal updates the soft timer thereby
activating the mask now ready to be activated. 1In an
engine stoppage task (hereinafter referred to as an ENST
task) interruption processing program 608 is for
detecting state of ENST and starts counting in response
to the detection of an INTL interruption signal so as to
issue.an ENST interruption when no INTL interruption
signal can not be detected within a predetermined period
of time of, for example, 1 sec. When the ENST interrup-
tion is issued three times, that is, when no INTL

interruption can be detected within a period of time of,

)
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for "example, 3 sec, the engine is judged as having
stopped, and energization of the ignition coil 58 and
operation of the fuel pump 32 are ceased. After execu-
tion of these processing steps, the microcomputer stands
by until the START-SW 152 is turned on. Table 1 shows
the outline of processing executed in response to the

interruption signals described above.

L3
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Table 1

Interrupt Outline of processing

INTL Ignition timing is set in INJD in INJC 134.

ADCl Task ADIN1l is activated.

ADC2 Air flow-rate signal processing task AC is
activated.

INTV Activating timings of tasks ADIN2, EGI,
MONIT, ADIN1l, AFSIA and ISC to be activated
at predetermined periods are checked to
activate the task now ready to be activated.

ENST ENST interrupt processing is executed to

‘ initialize the system.

As to the INTL processing program 202 and the

macro processing program 228, the processing steps are

performed in the manner as described above.

The following tasks are activated in response

to the various interruptions as described above. Tasks

belonging to the task level "O0" include a fuel cutting

processing task (hereinafter referred to as an AC task),

a fuel injection control task (hereinafter referred to

as an EGI task), and a starting timing monitoring task

(hereinafter referred to as an MONIT task). Tasks

belonging to the task level "1" include an ADl input

task (hereinafter referred to as an ADIN1l task) and a

time coefficient processing task (hereinafter referred
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to as an AFCIA task). Tasks belonging to the task
level "2" include an idling rotation control task
(hereinafter referred to as an ISC task), a compensation
computation task (hereinafter referred to as an HOSEI
task), and a pre-starting processing task (hereinafter
referred to as an ISTRT task).

Table 2 shows the allocation of the task

levels and the functions of the individual tasks.

Table 2
Task Activa-~
Level | Program | No. Function tion
period
0 INTL | Engine-rotation- AT LEAST
interruption control S msec
0s
1 Other 0OS processing
AC 0 Fuel Cutting 10 msec

. Adjustment of integra-
EGI 1 tion flow-rate 20 msec
reference level

Monitoring of START-SW
(OFF), control of fuel
MONIT 3 injection time in 40 msec
starting stage, start-
stop of soft timers

(to be cont'd)
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Table 2 (cont'd)

Correction and filter-
ADIN1 4 ing of inputs to 50 msec
ADC 122

1 Control of after-
starting, after-
AFSIA 6 idling and after- 120 msec
acceleration time
factors )

IsC 8 Idling rotation speed 200 msec
control

HOSEI 9 Compensation factor 300 msec
computation

Computation of EGI
initial value, monitor-
ing of START-SW (ON),
ISTRT 11 start-stop of soft 30 msec
timers, starting of
fuel pump, starting of
I1/0 LsI

As will be apparent from Table 2, the activa-
tion periods of the individual tasks activated in
response to the various interruptions are previously
determined, and this information is stored in the ROM
104.

Discription will.-now be directed as to the
processing of the output signal from the hot-wire type
flow rate sensor and the fuel injection control. Fig. 15

shows the manner of processing of the output signal from
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the hot-wire type flow rate sensor employed in the pre-
sent “invention. The instantaneous air flow rate gp can
be computed from the hot-wire sensor output voltage v
from the equation (5). Since the instantaneous air flow
rate ga is an instantaneous value in the pulsating
state as shown in Fig.15, it is sampled at a predeter-
mined time interval At. The mean air flow rate Qp can
be computed from the respective sampled values of the
instantaneous air flow rate Qp according to the

following equation:

qu.At+qA2.At+ R R +qAn'At

Q =
A ne At

_n=1 (8)

Thus, the air flow rate sucked into the
cylinder can be obtained as % dan from the equation (8).
Thus, the integrated air floz—iate can be obtained by
the above-mentioned signal processing.

The control of fuel injection will be next
described. According to the present invention, the fuel
injection may be performed in such a manner that the

amount of fuel injected per revolution of the engine is

computed on the basis of the equation (7), to thereby
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perform fuel injection once per one suction stroke in
each evlinder, for example, once every 180° rotation of
the crank in the case of engine provided with 4 cylin-
ders. Alternatively, the fuel injection may be per-
formed when the integrated air flow rate actual value
attains a given level. Although an embodiment in which
the present invention is applied to the latter fuel
injection system, the present invention can be applied
to the former one.

Fig.16 shows the timing of fuel injection
according to the above-mentioned latter fuel injection
system. The instantaneous air flow rate gp is
integrated for a predetermined period of time, and, when
the integrated air flow rate actdal value attains or
exceeds an integrated air flow rate reference level Qy,
fuel is injected for a predetermined period of time t as
seen in Fig.16. That is, fuel is injected at the timing
at which the integrated instantaneous air flow rate
actual value has attained the integrated air flow rate
referece level Q4. 1In Fig. 16, there are shown three
integrated air flow rate reference levels Qy;, Qg and
Q3. When the integrated air flow rate reference level
is shifted from Qg to Qgo, the fuel-air mixture becomes
richer, while when it is shifted from Qy to Q3, the
fuel-air mixture becomes leaner. According to this
system, the integrated air flow rate reference value

Qg is suitably shifted so as to adjust the air-fuel
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ratio (A/F) as described. A rich fuel-air mixture is
requirea during warming-up in the engine starting stage,
and this can be achieved by reducing the integrated air
flow rate reference level Q,;. For the optimized control
of the air-fuel ratio, the integrated air flow rate
reference level Qg can be suitably adjusted by the
ON-OFF of the output from an O sensor (not shown).
Fig. 17 is a flowchart for processing the
taking-in of the output signal of the hot-wire type flow
rate sensor and the timing of the fuel injection.
Referring to Fig.l17, judgement is made in a
step 801 as to whether the interruption is an INTL
interruption or not. When the result of judgement in
the step'801 proves that the interruption is an INTL
one, the ADV REG in IGNC 138 is set so as to complete
the INTL interruption processing program. When the
result of judgement in the step 801 proves, on the
contrary, that the interruption is not the INTL one,
judgement is made.in a step 805 as to whether the
interruption is the Qp timer interruption or not. When
the result of judgement in the step 801 provés that the
interruption is a Qp timer interruption, activation is
made for taking-in the output of the hot-wire type flow
rate sensor in a step 806,- and taking;in of the output
of the hot-wire type flow rate sensor is performed in a
step 807. The instantaneous air flow rate ga as shown

in the equation (5) is computed in a step 808 and the
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integration processing is performed in a step 809,
Judgement is made in a step 810 as to whether the
integrated value of instantaneous air flow rate has
reached the integrated air flow rate reference level,.
When the result of judgement in the step 810 proves
that the integrated air flow rate reference level has
been reached, a period of time of fuel injection t
corresponding to the integrated air flow rate reference
level is set in a step 81l into the INJD REG of INJC 134
(Fig.5), and basic injection pulse is produced in a step
812 from the INJD REG of INJC 134 to the injector 12

through the AND gate 136 to initiate the injection with

the basic fuel amount Tp, At this time, the width of

the basic injection pulse is determined by the period of'
time t for injection, and the amount of basic fuel
injection Tp is determined by the integrated air flow
rate reference level. 1In a step 813, the difference
between the integrated air flow rate actual value and
the integrated air flow rate reference level is computed
to regard it as the present integrated air flow rate.
When the result of judgement in the step 805 proves that
the interruption is not a Qp timer interruption, judge-
ment is made in a step 815 as to whether the interrup-
tion is an ADC interruption or not. When the result of
judgement in the step 815 proves that it is an ADC one,
judgement is made in a step 816 as to whether or not the

IST flag is in the state "1". When the result of judge-
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ment in the step 816 is "YES", the hot-wire type flow
rate sensor is activated and the output of the same is
taken-in in a step 817. The thus taken-in value of the
air flow rate is used for detection of the engine start
due to rotation torque of wheels. When the result of
judgement in the step 815 proves that the interruption
is not an ADC one, as well as when the result of judge-
ment in the step 816 is "NO", the processing is shifted
to the INTV interruption processing 606 in Fig.1.

Fig.18 shows the relation between the tem-
perature TW of engine cooling water sensed by the
cooling water temperature sensor 56 and the air flow
rate reference level., That is, Fig.18 shows how the
reference level is varied relative to the outpué signal
of the water temperature sensor 56. The temperature
range of from —-40°C to 40°C corresponds to the warming-
up level in which the engine is started from its cold
state. The temperature range from 40°C to 85°C
corresponds éo the normal starting level, and the tem-
perature range higher than 85°C corresponds to the hot
re-starting level. As soon as the engine key is turned
on to start the engine, the sensor output signal indica-
tive of the temperature of the engine cooling water is
taken into to the ADCl so that the air amount reference
level corresponding to the sensed temperature can be set
by comparison according to the relation shown in Fig.18,

The INTST program 624 shown in Fig.l4 is executed for

sets

1

s
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this purpose.

Now, the fuel iniction control processing in
acceleration using a fuel injection controll apparatus
according to the present invention will be explained
with reference to Figs. 19 to 28.

Fig. 19 shows a fuel control processing flow
in acceleration from an idle or deceleration state.

In the embodiment under consideration, the
amount of additional fuel injection is increased when
the engine is accelerated from an idle or deceleration
state. This process is executed at intervals of the
10 msec.

Firét, step 901 decides whether or not the
idle switch 148 shown in Fig. 5 is turned on, and if it
is on, in step 902 the idle switch flag "1" is set in
RAM, followed by step 903, 1If it is proved that the
idle switch is off in step 901, on the other hand, the
process is passed to step 903, where the throttle valve
opening TH is detected by the throttle valve opening
sensor 116 and is stored in RAM. Then, the throttle
valve opening TH detected at step 904 is comapred with
the throttle valve opening TH (OLD) which has been
detected and stored in RAM 30 msec before, and it is
decided whether the thottle opening change rate ATH
(ATH = TH - TH (OLD)) is positive or not, that is, the
acceleration state is involved or not. 1If ATH ¢ O,

that is, the acceleration state is not involved, the
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process proceeds to step 910. 1If it is decided that ATH
1s lardér than zero, by contrast, the compensation
factor K for acceleration injection is computed on the
basis of ATH in step 905. Then, in step 906, it is
decided whether or not the idle switch flag is "1".

If the flag is ﬁl", it is decided that the acceleration
from idle or deceleration state is involved, and in step
907, the product of the compensation factor K and a pre-
determined value n (n > 1) is determined, so that the
factor nK is multiplied by the basic amount of injection
T determined in step 812 in Fig. 17, thus computing the
additonal amount of fuel injection TO' When the flag is
not "1", on the other hand, the additional amount of
fuel injection TO is computed from the compensation
factor K.

In step 909, the additional amount of fuel
injection TO is injected. ©Namely, an interruption
injection pulse ¢ is produced after the basic pulse a
and an additional injection pulse b in addition to th
basic injection pulse a is produced.

Step 910 decides whether or not the idle
switch is off, and if the switch is off, the flag "1" is
reset. Thus, in the acceleration just after an idle or
deceleration ‘state, a greater amount of fuel injection
than at other acceleration states is injected.

"This obviates the disadvantage of the conven-

tional systems that the basic amount of fuel injection
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in an idle or deceleration state is so small that the
intake manifold is not sufficiently wetted and there-
fore it takes some time to sufficiently wet the intake
manifold in acceleration in spite of the additional fuel
injection, resulting in an insufficient acceleration.

If it is decided at time point tl that the
throttle opening change rate ATH is positive as shown in
the time chart of Fig. 20, interruption injection pulses
c are produced at step 909 at intervals of 10 msec after
the basic injection pulse a produced at step 812 of
Fig. 17. Further, an additional injection pulse b is
produced in addition to the basic injection pulse a.

The pulse widths of the interruption injection pulse ¢
and the additional injection pulse b are determined by
the additional injection amount T0 and are set to a
value larger than in the conventional systems.

Thereafter, as long as it is decided that ATH

is larger than zero, the additional injection amount

T, is computed on the basis of ATH so that an interrup-
tion injection pulse and an additional injection pulse
with the pulse width determined by the additional
injection amount T0 are produced.
After that, in response to the decision at
time point £3 that ATH £ 0, the additional injection is
stopped and only the basic injection pulse a is produced.
In this way, as shown in Fig. 20 (C), the fuel

air mixture is prevented from being lean near the start
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of qgceleration (initial stage of acceleration
corresponding to a period tl - t2) thereby improving
acceleration.

In each embodiment of the present invention,
additional injection may be performed either by the
interruption injection pulse or by the additional
injection pulse.

Another embodiment of the present invention
will be explained with reference to the flowchart of
Fig. 21. 1In this embodiment, the amount of additional
injection in acceleration is changed in accordance with
the engine load thereby to prevent the mixture from
being lean near the start of acceleration from sm%ll
load state. This flowchért is executed at intervals of
10 msec.

In this diagram, step 921 fetches and subjects
the throttle opening TH to A/D conversion and the result
is stored in the RAM. 1In next step 922, the difference
ATH between tﬁe value TH fetched presently and the value
TH (OLD) introduced 30 msec before is determined,
followed by step 923 for deciding whether or not the
difference ATH is larger than zero, that is, whether or
not an acceleration is involved. "If it is decided that
an acceleration is involved, step 924 computes the

compensation factor K, for acceleration injection from

1
the throttle opening change rate ATH.

Then, step 925 multiplies the compensation

o

.
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factor Ky for acceleration injection by the basic
injecti;n amount T, to compute the additional fuel
amount TO for acceleration.

In next step 926, a value representing the
engine load, that is, the negative pressure Pn at or
about the throttle valve is detected from the output of
the negative pressure sensor 119 (Fig. 5). 1In this way,
the embodiment under consideration uses the negative
pressure as a value representing the load so that the
smaller the negative pressure, that is, the nearer to
the atmospheric pressure, it is decided that the opening
of the throttle valve is larger, that is, the load is
larger. 1In a system for producing the basic injection
pulse at each 180° in crank rotation according to
equation (7), on the other hand, the load may be
measured from the basic fuel injection amount (K %).

Step 926 determines the compensation factor K
for additional fuel injection from the three-dimensional
map as shown in Fig. 22 on the basis of the negative
pressure Pn and the cooling water temperature Tw,
followed by step 927 where the compensated additional
fuel injection amount T is determined from the addi-
tional fuel injgction amount TO for acceleration and
the compensation factor K as T = Ty x K. In step 928,
the compensated additional fuel injection amount T for

acceleration is injected.

In other words, an interruption inejction
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pulse ¢ and an additional injection pulse b, the pulse
widths of which are determined by the additional injec-
tion amount T, are produced.,

In Fig. 22, the X-axis represents the negative

pressure Pn and the Y-axis the cooling water temperature

[¢:7

Tw and the 2Z-axis the compensation factor K for

h,

acceleration.

In this embodiment, the compensation factor K
is determined continuously for all the load conditions
by use of a three-dimentional map. The additional fuel
injection amount alternatively be increased only when
the load is below a predetermined value (such as when
the negative pressure Pn is more than a predetermined
value). 1In this case, step 906 decides whether or not
the load is smaller than a predetermined value, and only
when it is decided that the load is smaller than the
predetermined value, the compensation factor K deter-

mined by the cooling water temperature Tw may be read

from a two-dimensional map. Alternatively, when it is

decided that the load is not smaller than the predeter-
mined value, the additional injection amount 'I‘0 may be
injected in step 928. 1In this eﬁbodiment, the addi-
tional injection amount may be obtaihed without regard
to the cooling water teﬁperature Tw.

In this way, according to the present embodi-
ment, a sufficient amount of additional fuel is injected

in acceleration from small load state, so that the
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mixture is prevented from being lean near the start of
acceleragion, thus achieving a superior acceleration.
Fig. 23 is s flowchart for achieving a satis-
factory acceleration by preventing the mixture from
being lean near the start of acceleration from low
engine speed by changing the amount of additional fuel
injection in accordance with the engine speed. 1In this
embodiment also, the flowchart of Fig. 23 is executed at

intervals of 10 msec.

In this diagram, step 941 fetches a throttle
opening and subjects the value TH thereof to A/D conver-
sion and the result of conversion is stored in the RAM.
Then, in step 942, the difference ATH between the value
TH presently fetched and the value TH (OLD) fetched 30
msec previously, that is, the value ATH = TH - TH (OLD)
is determined.

Step 943 determines whether or not this value
ATH is larger than zero, and if it is decided that it is
larger than zero, that is, an acceleration is involved,
then step 944 computes the compensation factor Kl for
acceleration injection from the throttle opening change
rate ATH. Then, step 945 computes the additional fuel
injection amount TO for acceleration from the basic fuel

injection amount TP and the compensation factor Ky for

accelerating injection. That 1is, T0 is determined from

TP x K.

In next step 946, the compensation factor K is
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retrieved from the map as shown in Fig. 24 on the basis
of the engine speed N, followed by the step 947 for
computing the additional fuel injection amount T for
acceleration, from T0 X K = T. Then, in step 948, the
additional fuel injection amount T for acceleration is
injected.

In the embodiments of Fig. 21 and 23, the
amount of additional fuel injection is large near the
start of acceleration and decreases with increase in the
load or engine speed, thereby maintaining a proper air-
fuel ratio and performing satisfactory acceleration.

As seen from the above description, according

" to the present invention, the amount of fuel injection

is increased in order to prevent the mixture gas from
being lean near the start of acceleration.

Now, assuming that as in the embodiment of
Fig. 19, the additional fuel injection amount is main-
tained constant during the acceleration period (namely,
during the time points between t1 and t3 in Fig. 20),
the air-fuel ratio is likely to be reduced, that is,
the mixture is likely to become rich near the end of
acceleration (i.e., during the period from t2 to t3).
The air-fuel ratio can be maintained at a proper value
by increasing the additional fuel injection aﬁount near
the start of acceleration and then by reducing the same
gfadually.

An embodiment for processing the fuel control

73
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in this manner will be explained with reference to the
£lowchart of Fig. 25.

The operation of this flowchart is activated
by the interruption at intervals of 10 msec. First,
step 950 decides whether or not the throttle opening
change rate ATH is positive, that is, an acceleration
is involved. 1If it is decided that an acceleration
is involved, step 951 determines the number of compensa-
tions for additional fuel injection amount on the
basis of ATH and sets the number in a soft counter in
the RAM. This number of compensations is proportional
substantially to the value ATH.

Next in step 952, the compensation factor
K1 for acceleration injection is computed on the basis
of ATH, followed by step 953 for computing the initial
value T0 of the additional fuel injection amount for

accerelation by multiplying the basic fuel injection
amount T by Kl.

Step 954 computes the additional fuel injec-
tion amount T from the initial value T0 and the content
of the counter for counting the number of compensations
provided in the RAM. The additional injection amount T
is substantially proportional to the product of the
initial value T0 and the content of the counter, and is
reduced with the decrease of the content of the counter.

In next step 955, the additional fuel injec-

tion amount T is set in the register 134, and an
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additional injection pulse and an interruption injection
pulse ;re produced on the basis of the value T.

In step 956, it is decided whether or not
the data in the counter is zero, and if it is zero, the
additional injection is ended, while if the data in the
counter is not zero, the process is passed to step 957.
In step 957, it is decided whether or not a predeter-

mined time (10 msec in this case) has passed, and if the

predetermined time has passed, the data in the counter

is reduced by one in step 958.

On the basis of the data in the counter after
this subtraction, the additional fuel is injected.

In this way, the amount of additional fuel injection is
steadily reduced from the start of acceleration as shown
in Fig. 26 (C) thereby to prevent the mixture from being
rich near the end of acceleration. As apparent from
Fig. 26 (D), the width of the additional injection pulse
and the interruption injection pulse is reduced with the
lapse of time of-acceleration.

In the case where the basic injection pulse is
produced at the crank revolution of each 180 degrees,
the counter data may be reduced in accordance with the
reference angle pulse REF produced for crank revolution
of each 180 degrees in steps 957 and 958.

In this embodiment, in the event of a slow
acceleration, wherein the value ATH is relatively small

and the acceleration time is almost in a range of 200

an
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msec to 500 msec, the fuel air mixture is likely to be
rich because the additional fuel injection responding to
the interruption injeciton pulse ¢ is performed each 10
msec even though the suction air flow rate increases
very slowly. Thus, in the case where the acceleration
involves a small value of the throttle opening change
rate ATH, it is proposed that only the first additional
injection is effected for one acceleration, but no addi-
tional injection is performed thereafter even if the
throttle opening change rate is detected to be positive
every 10 msec, to thereby prevent the mixture from being
rich.,

In this embodiment, unlike in the afore-
mentioned embodiments, the additional injection compen-
sation factor Kl is not computed according to the value
ATH, but is determined according to the opening range to
which the value ATH belongs. Further, when the value
ATH is less than a predetermined value, it is decided
that it is a show acceleration to thereby perform the
additional injection only once for one acceleration.
Alternatively, when the value ATH is not less than the
predetermined value, it is decided that it is a normal
acceleration to thereby perform the additonal accelera-

tion every 10 msec.

The flowchart of this control is shown in Fig.

27. Specifically step 1001 fetches the throttle opening

TH by interruption at 10 msec intervals, which throttle
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opening TH subjected to A/D conversion and is stored in
the~RAM. Next, the difference ATH between the presentlyﬁ
fetched throttle opening TH and the throttle opening TH
(oLD) fetched 30 msec befor is determined in step 1002.
Step 1003 decides whether or not the value ATH is larger
than a predetermined value & . it is decided that it is
not an acceleration state so that step 1004 resets the
flag 1 for non-execution of additional injection. 1If
the value ATH is % Or more, on the other hand, step
1005 decides whether or not ATH is a predetermined value
ay (az > ul) or more. If step 1005 decides that ATH is
smaller than @ it is decided that the wvalue ATH
belongs to a throttle opening range "1", that is a >
ATH 2 . Further, it is decided thét it is a slow
acceleration state, so that the value of the compen-
sation factor K1 determined from the opening range "1"
and water temperature Tw is retrieved from the map in
step 1006. Then in step 1007, the amount of additoinal
fuel injectioﬁ for acceleraiton commensurate with the
compensation factor K1 is computed, followed by step
1008 for deciding whether the flag 1 is "0" or not. 1If
it is decided in step 1008 that the flag 1 is not "Q",
that is, the flag is set, then the decision is that one
additional injection based.on the range "1" has already
been completed and therefore no additional injection is

effected any more.

If it is decided that the flag 1 is "0", on

3
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tﬁe other hand, step 1009 effects additional injection
once, followed by step 1010 for setting the flag 1.
As a result, the additional injeciton for the range "1"
is indicated.

When step 1005 decides that the value ATH is
a, or larger, step 1011 decides whether or not ATH is
oy (a3 > “2) or more. If it is decided at this step
1011 that ATH is less than oy, the resulting decision is
that ATH is belongs to an opening range "2", that is,
ay > ATH > ay. Further, it is decided that it is a slow
acceleration and so in step 1012, the compensation fac-
tor K1 is determined from the water temperature Tw and
the range'“2". The additional fuel injection amount for
acceleration based on this compensation factor Kl is
computed at step 1013, folloed by step 1014 where it is
decided whether or not the flag 2 is "0". If step 1014
decides that the flag 2 is not "0", that is, the flag
is set, then no additional fuel injection is effected.
When it is decided that the flag 2 is "0", by contrast,
step 1015 performs additional fuel injection once so
that the flag 2 is set to in step 1016.

When step 1011 decides that the value ATH is
a; Or more, on the other hand, step 1017 decides whether
or not ATH is not less than a predetermined value o,
(04 > a3). If step 1017 decides that ATH is smaller
than Xy the resulting decision is that ATH belongs to

an opening range "3", that is, a, > ATH 2 q. Further,
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it is decided that it is a slow acceleration, so that
step 1018 retrieves the map for the compensation factor "
Kl determined from the range "3" and the water tempera-
ture Tw, followed by step 1019 where the additional

fuel injection amount for acceleraiton is computed.

Next, in step 1020, it is decided whethér or not the
flag 3 is "0", and if it is decided that the flag 3 is
"0", step 1021 effects an additonal injection, followed
by step 1022 for setting the flag 3.

When step 1020 decidesrthat the flag 3 is not
"0", on the other hand, no additional fﬁel injection is
effected.

If step 1017 decides that ATH is @, or more,
the resulting decision is that ATH belongs to an opening
range "4". Further, it is decided that it is not a slow
acceleration but a normal acceleration, so that step
1023 retrieves the map for the compensation factor
K1 determined from the range "4" and the water tem-
perature Tw,»followed by step 1024 for computing the
additoinal fuel injection amount for acceleration,
further followed by step 1025 for additional injection.

As seen from above, in the case where a, > ATH
2 oy, the additional fuel injection according to the
range "1", "2" or "3" is effected once as shown in Fig.

28 (B), while when ATH 2> « it is decided that the slow

4'
acceleration is not involved, so that the additional

fuel injection is repeated as long as the relation
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ATH 2 @, is maintained.,

The amount of additional fuel injection is
larger, the higher the range. 1In the embodiments of
Figs. 19, 23 and 25, like in the embodiments of Figs. 21
and 27, the compensation factor K may be modified in
accordance with the cooling water temperature Tw.

Now, in any embodikments, the additional fuel
injection amount T, may be obtained from a map.

Referring to Figs.29 to 31, the INTV interrup-
tion processing will be now described. Fig.29 shows a
soft timer table which is provided in the RAM 106 and
which is provided with timer blocks in the same number
as that of different activation periods activated by
various kinds of interruptions. The term "timer block"
is defined as a storage area into which time information
with respect to the activation period of the task stored
in the ROM 104. 1In Fig.29, "TMB" described at the left
end represents the head address of the soft timer table
in the RAM 106. Into each «. the timer blocks of the
soft timer table, the time information with respect to
the above-mentioned activation period is stored from the
ROM 104 in starting the engine. That is, when the INTV
interruption is performed, for example, at a regular
period of time of 10 msec,.a value which is integral
multiples of 10 msec and which represents the respective

activation period is transferred and stored in the

respective timer block.
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- Fig.30 shows a flowchart for executina the
INTV interruption processing 606. In Fig.30, if the
program is activated at a step 626, the soft timer table
provided in the RAM 106 is initialized in a step 628.
That is, the contents i of the index register is made 0
(zero) and the residual timer T; stored in the timer
block of the address TMB+0 in the timer table is
checked. 1In this case T;=Tg. Next, judgement is made
in a step 630 as to whether the soft timer checked in
the step 628 is in the state of stoppage or not. That
is, when the residual time T1 stored in the soft timer
table is 0 (zero), the judgement is concluded that the
soft timer is in the state of stoppage and thaé the
corresponding task to be activated by the specific soft
timer is in the state of stoppage, so that processing is
jumped to a step 640 in which the soft timer table is
renewed. That is, the above-mentioned judgement is made
on the basis .of the fact that when the task is stopped,
the residual timer is left it as it is without being
initialized when it becomes 0 (zero).

In the case where the residual timer T;%0,

the processing is shifted to a step 632 in which the

residual timer in the time block is renewed. 1In par-
ticular, the residual timer T; is decremented by 1
(one). Next, judgement is made in a step 634 as to
whether the soft timer has reached the activation period

or not. When the residual timer Tj;=0, the judgement is
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concluded that the activation period has been reached
and the peressing is shifted to a step 636, If the
judgement is concluded that the soft timer has not
reached the activation period, on the contrary, the pro-
cessing is jumped to the step 640 in which the soft
timer table is renewed. When the soft timer table has
reached the activation period, the residual time Ty of
the soft timer table is initialized in the step 636.
that is, the timer information with respect to the acti-
vation period of the specific task is transferred from
the ROM 104 to the RAM 106. After the residual timer T)
of the soft timer table has been initialized in the step
636, an activation request for the task corresponding to
the soft timer table is issued in a step 638. Then, the
soft timer table is renewed in the step 640. That is,
the contents of the soft timer table is incremented by
1 (one). Further judgement is made in a step 642 as to
whether all the soft timers have been checked or not.
That is, since (n+l) soft timer tables are provided in
this embodiment as seen in Fig.30, the judgement is
concluded that all the soft timer tables have checked
when the contents i of the index register is i=n+l and
the INTV interruption processing program 606 is ter-
minated in a step 644. when the judgement is concluded
in the step 642 that not all the soft timer tables has
been checked, on the contrary, the processing is

returned back to the step 630 so that the above-
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mentioned processings are performed.

As described ébove, in accordance with various“
kinds of interruptions activation requests for specific
tasks corresponding to the interruptions are issued and
the specific tasks are executed in response to the acti-
vation requests. However, all the tasks listed up in
Table 2 are not always executed, but pieces of time
information with respect to actrivation periods of the
respective tasks provided in the ROM 104 are selected on
the basis of the running information as to the engine
and the selected time information is stored in the RAM
106. Assuming that the activation period of a given
task is, for example 20 msec, the task is activated at
the regular period of time of 20 msec, and if the acti;
vation of the task is necessary to be continuously
effected in accordance with the running condition of
engine, the soft timer table corresponding to the speci-
fic task is always renewed so as to be initialized.

Next, the status in which the activation of
tasks is stopped due to various interruptions in accor-
dance with the running condition of the engine will be
described by referring to the time chart of Fig.31.

Upon the actuation of the START-SW 152 (Fig.5), the CPU
102 is actuated and "1" is.set to each of software flags
IST and EM. The software flag IST is provided for indi-
cating that the engine is in its pfe—starting state and

the software flag EM is provided for the inhibition of
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ENST interruption. In accordance with these two flags,
juééement is made as to whether the engine is in its
pre-starting state, in its starting state, or in its
post-starting state. When the START-SW 152 is actuated
to turn on power, the task ADINl is first activated so
that the data, such as the cooling water temperature,
the battery voltage, necessary for the starting of the
engine are taken from the various sensors into the ADC
122 through the MPX 120, and every time all these data
have been successively inputted, the task HOSEI, that
is, the compensation task, is activated so that compen-
sation is computed on the basis of the inputted data.
Further, every time all the data from the various sen-
sors have been successively inputted to the ADC 122 in
accordance with the ADIN1, the task ISTRT is activated
so that the fuel injection amount necessary in starting
of the engine. The above-mentioned three tasks, that
is, the task ADIN1l, the task HOSEI and the task ISTRT
are activated>in accordance with the initial processing
program 202.

Upon the turning ON of the START-SW 152, the
three tasks, that is, the task ADINl, the task HOSEI and
the task ISTRT are activated by-the interruption signal
Qf the task ISTRT. That 1is, these tasks have to be exe-
cuted only in the period in which the START-SW 152 is in
its ON state (in the period of cranking of the engine).

In this period, pieces of time information with respect
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to the predetermined activation periods are transferred
from the ROM 104 to the soft timer tables corresponding
to the respective tasks provided in the RAM 106.
Further, in this period, the residual time T; in the
respective soft timer table is initialized and the
setting of activation period is repeatedly performed.
Being provided for computing the fuel injection amount
in the starting of the engine, the task MONIT becomes
unnecessary after the engine starting, and therefore
after the task has been executed predetermined times,
the activation of the soft timer is stopped and tasks
necessary in the post-starting state of the engine other
than the task MONIT are activated in response to a stép—
page signal producéd upon the termination of the task
MONIT. 1In order to perform the stoppage of the task by
the soft timer, "0" is stored in the soft timer table
corresponding to the task in response to a signal indi-
cating the termination of the task at the judgement
point of time at the end of the task. That is, the
stoppage of task is effected by clearing the contents of
the soft timer corresponding to the task. Thus arrange-
ment is made such that the stoppage of task activation
can be simply attained by the soft timer and therefore a
plurality of tasks having different activation periods
from each other can be controlled effectively and
reliably.

Fig.32 shows an IRQ generating circuit. An
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INTV IRQ generating circuit is constituted by a register
735: a counter 736, a comparator 737, and a flip-flop
738, and a period for generating INTV IRQ, for example
10 msec, is set into the register 735. A clock pulse is
set into the counter 736, and when the count of the
counter 736 becomes coincident with the contents of the
register 735, the flip-flop 738 is set. 1In this set
state of the flip-flop 738, the counter 736 is cleared
and the counting is restarted. Therefore, the INTV IRQ
is generated at a predetermined regular interval of time
(10 msec). An ENST IRQ generating circuit for detecting
engine stoppage is constituted by a register 741, a
counter 742, a comparator 743, and a flip-flop 744.
The register 741, the counter 742 and the comparator 743
operate in the same manner as described above in the
INTV IRQ generating circuit so that when the count of
the counter 742 has reached the contents of the register
741, an ENST IRQ is generated. However, since the
counter 742-is>cleared by an REF pulse generated by a
crank angle sensor at a predetermined interval of crank
angles during the rotation of engine, the count of the
counter 742 can not reach the contents of the register
741 so that no ENST IRQ is generated.

An INTV IRQ generated by the flip-flop 738,
an ENST IRQ generated by the flip-flop 744, and IRQOs
generated by the ADCl and ADC2 are set into flip-flops

740, 746, 764, and 768 respectively. A signal for
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generating/inhibiting IRQ is set into each of flip-flops
739, 7&%, 762, and 766. If "H" is set in any one of the
flip-flops 739, 745, 762, and 766, corresponding one of
AND gates 748, 750, 770, and 772 is enabled so that an
IRQ is immediately generated through an OR gate 751.
Thus, an IRQ can be generated, inhibited, or released
from inhibition by setting "H" or "L" into the respec-
tive flip-flops 739, 745, 762 and 766. The cause of
generation of IRQ is removed by taking the contents of
the flip-flops 740, 746, 764 and 768 into the CPU.

when the CPU begins to execute a program in
response to an IRQ, it is necessary to delete the IRQ
signal and therefore specific one of the'flip-flops 740,
746, 764 and 768 concerned with the specific IRQ is

cleared.
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CLAIM
1. ' A control apparatus for an internal combustion
engine comprises:

sensor means for producing signals represen-
tative of operating conditions of said engine;

actuator means for controlling respective
energy conversion functions of said engine in response
to control signals applied thereto;

an input/output unit coupled to receive
signals produced by said sensor means and to deliver
control signals to said actuator means; and

a data processing unit, coupled to said
input/output unit, for carrying out engine control
data processing operations in accordance with signals
produced by said sensor means and thereby generating
engine control codes that are coupled to said
input/output unit;

said,actuator means including a fuel injector
(12) for supplying fuel to said engine in response to a
control signal applied thereto,

said sensor means inlcuding a throttle opening
sensor (116) for detecting the opening of a throttle
valve, said déta processing unit successively fetching
output signals of said throttle opening sensor with a
predetermined interval through said input/output unit
(108) and calculating a throttle opening change rate of

said throttle valve on the basis of the output signal of
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said throttle opening sensor to thereby determine that
said engine is in an acceleration state when the calcu-
lated throttle opening change rate is positive,

said fuel injector supplying a basic amount
of fuel to said engine in a steady operation condition -
of said engine and supplying an additonal amount of
fuel in additon to said basic amount of fuel in response
to the control signal from said input/output unit when
an accerelation condition is detected by said data
processing unit, said additional amount of fuel bieng
determined in accordance with the calculated throttle
opening change rate, wherein said data processing unit
calculates a compensation factor of amount of fuel in
acceleration on the basis of the present valve of the
calculated throttle opening change rate and modifies the
compensation factor in accordance with the operating
condition of said engine to thereby determine the amount
of additional fuel on the basis of the modified compen-
sation factor.

2. A control appartus according to Claim 1,

R

sation factor when the operating condition of said
engine just before the acceleration is an idling
operaton,

3. A control apparatus according to Claim 2,
wherein said data processing unit determines the amount

of additonal fuel injection calculated at the start of
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acceleration as an initial amount of additional fuel
injection, and decreases gradually the initial amount of
additional fuel injection after the start of accelera-
tion, the amount of additional fuel injection being
determined on the basis of the decreased amount of
additional fuel injection.

4, A control apparatus according to Claim 3,
wherein said data processing unit includes a counter the
content thereof being determined in accordance with the
initial value of the throttle opening change rate at the
start of acceleration, the content of said counter is
decremented one by one with a lapse of time after the
start of the acceleration, and the amount of the addi-
tional fuel injection is determined in accordance with
the content of the counter.

5. A control apparatus according to Claim 1,
wherein said data processing unit modifies said compen-~
sation factor in accordance with the rotational speed of
said engine.

6. A control apparatus according to Claim 5,
wherein said compensatin factor is modified in a manner
that the amount of additional fuel injection is
increased with the decrease of the engine rotational
speed.

7. A control apparatus according to Claim 1,
wherein said data processing unit modifies said compen-

sation factor in accordance with the load of said

engine,
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8. A control apparatus according to Claim 7,
wherein said compensation factor is modified in a manner
that the amount of additional fuel injection is
increased with the decrease of the load.
9. A control apparatus according to Claim 8,
wherein said load is detected on the basis of a negative
pressure at the throttle valve.
10. A control apparatus according to Claim 1,
wherein said additional fuel injection is performed once
for one acceleration when the throttle opening change
rate is larger than zero but less than a predeterminéed

value,
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