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(57) Abstract: An electronic control unit of the present invention includes: a demand generation level that generates and outputs a
demand value concerning various kinds of functions; a physical quantity mediation level that aggregates and mediates the demand
value for each predetermined physical quantity; and a controlled variable setting level that sets a controlled variable of the actuator
based on the mediated demand value and transmits a signal in a single direction from a higher level to a lower level. A controlled
variable mediation level that aggregates and mediates demand values expressed with controlled variables of the actuators set on the
controlled variable setting level and a demand value transmitted from the demand generation level not through the physical quantity
mediation level, together with demand values mediated by the physical quantity mediation level is provided below the controlled
variable setting level.
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CONTROL OF AN INTERNAL COMBUSTION ENGINE

I. Field of the Invention
- [0001]  The present invention relates to an electronic control unit for achieving
demands concerning various kinds of functions of an internal combustion engine by

coordinative control of a plurality of actuators and a control method thereof,

2. Description of Related Art

[0002] | As disclosed :in, for example, Japanese Patent Application Publication
No. 2009-47101 (JP 2009-47101 A) and Japanese Patent Application Pnbhcetion No.
2009-47102 (JP 2009-47102“ A), there have been known electronic control units for the

_internal combustion engine including a hierarchical control structure in which a signal is -

transmltted in a s1ng1e direction from a higher level to a lower level. In the examples
descrlbed in the aforementloned respectlve literatures, a demand value. expressed with
three kinds of physical quantities is generated from a- demand about fundamental three
functlons in the internal combustion engine on the highest demand generatlng level.
The internal combustion engine is a vehicle internal combustion engine. The
fundamental three functions are drivability, exhatlst gas and fuel consumption and the
three physical quantities are torque, efﬁcieney and ,etir-fuel ratio. ‘

[0003] = A signal of a demand value generated on the highest demand generation
level is transmitted to a lower physical quantity mediation level. Here, the srgnals of the
aforementioned demand values are aggregated to, each physical quantity of torque,
efficiency and air-fuel ratio. Then, 'acco'rding to a predetermined rule, the demand value -
aggregated to each of torque, efficiency and air-fuel ratio is mediated to a single demand

value. The mediated demand value signal of each of .torqne, efficiency and air-fuel ratio

‘is transmitted to a lower controlled variable setting level. On the controlled variable
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setting level, each demand value is adjusted based on a relationship between respective
demand values, and according to the adjusted demand value, a controlléd variable for an
actuator is d'eterminéd. |

[0004] In this way, the demand for the internal combustion engine can be
expressed’with three kinds 6f physical quantities including torque, efficiency and air-fuel
ratio, and méd.iated. By mediating the demand for the internal combustion engine as
described above, an operation of the entire internal combustion engine which should be
achieved by controlling the internal combustion engine is determined fegardless of the
characteristic and kind of an 'actuafof, so that a,preferabie control 'which satisfies the
fundamental demands about drivability, exhaust gas and fuel consumption of the internal

combustion ehgine can be achieved.
SUMMARY OF THE INVENTION

[0005] During'an operation of the internal combustion engine, the 6perating

- state is often changed cofresponding to a demand with a high urgency such as fail safe,

part protection. In such a case, a processing for the internal combustion engine control

must be performed as quickly as possible. However, if a controlled variable of the

actuator is set after the demand with aihigh urgency is replaced with a demand value such
as the torque, efficiency or air-fuel ratio temporarily and mediated, an extra arithmetic
operation load océuré which is disadvantageous for the quick processing of the internal
combustion engine control.

[0006]  The reason is as follbws. For example, in case for controlling the
amount of intake air to prevent a rise in engine épeed, controlling of an opening amount
of a throttle (controlled variable of throttle actuator) is a simple measure. waev_er, a
limit value of the throttle opening amount is converted to a torque temporarily on the '

physical quarntity mediation level and the converted. torque is mediated together with

- other demands. Then, the throttle opening amouht must be calculated again based on -

this mediated torque.
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[0007] | Furthermore, the demand from the internal combustion engine is
sometimes made under only a specific condition ether than a regular operation condition
of the internal combustion engine. The specific condition includes, for example, a
startup time of the int¢rnal combuétion engine, a stop ’tim'e of fthe internal combustion
engine and an on-board-diagnostic time (OBD) of the internal cofnbustion engine. Th1s

demand is also s1mp1y expressed with a sequence for controlhng a throttle opemng

amount, an amount of fuel injection- and ignition timing. Thus, a meamng that the-

aforementioned demand is expressed with a combination of torque, efficiency and .
air-fuel ratio and then mediated is small, so that an extra arithmetic operation load occurs
like the aforementioned fail safe. | |

[0008] Furthermbre, if the internal combustion engine is a cylinder injection
internal combustion engme in which fuel is injected directly into a combustion chamber
in the cyhnder the freedom of injection control is high. Thus if the internal combustlon
engine is a cylinder injection internal c_ombus‘uon engine, there may be a demand for
changing injection tirﬁing of injection frequency as required to form an excellent fuel-air
mixture‘ in the cylinder The injection timing and injection frequéncy mean just an.
operation of an injector, that is, a controlled variable of the ihjector. ThuS, setting the
controlled variable of the injector directly as a controlled variable producés a lighter
arithmetic operation load than expressing the controlled variable of the injéctor with
physical quantity including torque, efficiency or aif—fuel ratio.

[0009] In views of the above-described problems, an object' qf the present
invention is to provide an electronic control unit with a hierarchical structure which
Satisﬁes’ fundamental demands for the internal combustion engine at an excellent balance
by mediating the physical quantities, in which preeferably a demand not suitable for
mediation of the physical quantity can be achieved without increasing the arithmetic
operétion load for the control.

[0010]  To achieve the above-déscribed object, the present invention provides an
electronic control unit which aggregates and mediates a demand value of a signal

transmitted from the demand generation level not through the physical quantity mediation
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level for each of the controlled variables to determine an actuator controlled variable, and
a method thereof. _ |

[0011] | Accofding to a first aspect of the presenl ‘inyentio,n, there is provided an
electronic control unit for an internal combustion engine conﬁgured to achieve demands
concerning various kinds of functions of the internal combusﬁon engine by coordinative
control of a plulality of actuators concerning an operation of the internal combustion
engine. The electronic control unit has a hierarchical control structure which includes
the demand - generation level, the physical quantlty mediation level the controlled
variable settmg level and the controlled Varlable mediation level. The demand
generation level generates and outputs a demand values concerning the functions of the
internal combustion engine. The | phy_sical _quanlity mediatlon level is provided jdst
below the demand generation level, and the physical qnantify mediation level aggregates
and mediates demand values explressed with predetermined physical quantlties of the
demand values. The controlled variable setting level is provided just below the physlcal
quantity mediation. level and the controlled variable settmg level sets controlled variables
of the actuators based on the mediated demand values. The controlled variable
mediation level is provided just below the c_ontrolled variable setting level. The demand
values expressed with the controlled variables of the actuators o.f‘ the demand values
output from the demand generation level' are transmitted to the controlled variable’ '

mediation level not throngh the physical quantity mediation level. And the controlled

' variable mediation level aggregates and mediates demand values expressed with

controlled variables of the actuators set on the controlled variable setting level and the

~ demand values expressed with the controlled variables of the actuators of the demand

values which are transmitted to the controlled variable mediation level not through the
physical quantity mediation level for each of the controlled variables. Of the demand
values output from the demand generation level, the demand values expressed with the
COntrolled variables of the actuators are transmitted to the controlled variable mediation
level not 'ghrough the physical quantity mediation level. The demand‘ values output from

the demand generation level are transmitted in a single direction from a higher level to a
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lower level in order of the demand generation level, the physical quantity mediation level

and the controlled variable setting level.

10012])  In the electronic control uhit, the demands output from the demand

generation level that is the highest level of the hierarchical control structure are

transmitted in a single direction in order of the lower physical quantity mediation level

then, the further lower controlled variable ‘settinglv level and the still further lower

controlled variable mediation level. Thus, exchariging signals between a higher level

and va‘lower level does not occur thereby reducing the arithmetic operation load for the
control. |
[0013]  The demand values concerning various kinds of functions of the internal

combustion engine are expressed with a predetermined physical quantities (e.g., torque,

" efficiency, air-fuel ratio) and the demands 'eSquessed with physical quantities are

mediated. Because the controlled Variablés of each actuator are set based on this
mediated demand values, the fundamental function demand's (e.g., drivability, exhaust
gas and fuel consumption) of the internal combustion ehgine are satisfied at an excellent
balance by coordinative control 6f a pluralitsl of the actuators.

[0014]  Further, for exainple, fail safe demand, startup demand or a demand
concerning the operatidn of an injector is expressed with the controlled variables of the
actuators and transmitted from the demand generaﬁon level to the lower controlled
variable mediation level not through the physical quantity médiation level or the
controlled variable setting levelf Then, because the demand values are aggregated and
medi\ated fdrl each of the controlled variables, demands about fail safe or thé operation of -
the injector which ére not suitable for physjcal quantity mediation are reflected on the
control of the internal combustion engine. |

[0015] - That is, the demands concerning the various kinds of functions of the
internal combustion engine are sorted toa suitable one of the'physical quantity mediation
and the actuator controlled variable mediation and processed. As a result, a preferable
control which all the demands are reflected on can be achieved without increasirig control

arithmetic operaﬁbn load.
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[0016]  Further, if a function for transmitting the demand directly to the

-controlled variable mediation level is added, it is not necessary to change control

processing of the physical quantity mediation‘ level or the controlled variable setting level.
As aresult, ‘there is such an advantageous effect that portions which should be changed in
the control program are a few théreby contributing to reduction of rﬁan—hours. _Thus,
demand for modification of thé control specification can be met easily.

[0017]  Here, on the controlled variable mediation level, the priority of the
demandé (signals) transmitted from the demand generation yle\‘/el to the controlled
variable mediation level not through the physical quantity mediation level may be higher |

than the priority of the fundamental demands (demands transmitted through the physical.

quantity mediation level) for example, different from the fundamental demands which are

required to be satisfied at an excellent balance during an operation of the internal

combustion engine as described above. Further, the demands (signals) transmitted from

. the demand generation level to the controlled variable mediation level not through the

physical quantity mediation level may be demands which are easier to express with the

~ actuator controlled variable than with the physical quantity.

.[0018] For example, a demand for fail safe or part protection has ufgency.

- Thus, if such a demand occurs, the priority of this demand is higher than the priority of

‘demands for drivability, exhaust gas or fuel consumption during a normal driving of a
vehicle. Therefore, by 'expressing these demand values with the controlled variables of
the actuators without replacing with the physical quantities témporarily for mediation and
transmitting them directly to the controlled variable mediatidn level, occurrence of an
extra arithmetic operation load can be prevented, thevreby‘ accelerating the processing.
[0019] | Further, demands only under a specific situation such as startup demand,
OBD demand have a high priority, and often they are easier to express with the actuator
control sequence than with the physical quantity. Thus, these demand values may be

expressed with the controlled variables of the actuators without being replaced with the

" physical quantities temporarily for mediation and transmitted directly to the controlled

variable mediation level
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[0020] | Further, injection timing and injection frequency of fuel in the cylinder

injection type internal combustion engine may be expressed with the controlled variable

of the injector as it is, and transmitted directly to the controlled variable mediation level.

- As aresult, an excess arithmetic operation load can be prevented.

[0021]  Then, an order of priority may be set preliminarily to each demands
(signals) on the demands of the demand values transmitted from the demand generation
level to -the controlled variable mediation level_ not through the physical quantity
mediation level and those demands may be mediated by. censidering such an order of
pr10r1ty on the controlled variable medlatlon level As a result, while demands with a
high priority are reflected on the control sufficiently, demands with a low prlorlty can be
reﬂected appropnately |

[0022] Accordlng to a first aspect of the present invention, the demand
generation level may 1nclude a ﬁrst demand output portion and a second demand output
portion. The first demand output portion ‘expresses demand values concermng the
functions of the internal combustion engine with the physical quantities and outi)utsthe
expressed demand values. And the second vdemand output portion expresses demand
values. concerning . the functions of the internal combustion engine with the controlled
variables of the actuators and outpufs the expressed demand values, the first demand
output portion and the second demand output portion being provided for each of the
functions. The physical quantlty mediation level may include a physmal quantlty
mediation portion for each of the phy51ca1 quantities, each phys1ca1 quantlty medlatlon :
portion existing for each physical quantities being configured to aggregate the demand
values of the physical quantities of which that physical quantity mediation portion is

charge of demand values output from the demand output portion and mediating to a

single demand value. The ’contvrolled variable setting level may adjust each demand

value mediated by the physical quantity mediation portion based on a relationship

between respective demand values mediated by the physical quantity mediation portions

and set the controlled variables for each of the plurality of the actuators.
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[0023]  The various kinds of the functions of the internal combuétion engine
include drivability function, exhaust gas functibn and fuel consumption function, which -
are fundamental derhands which should be satisfied at an excellent balance during an

operation of the internal combustion engine. On the other hand, as the 'outpﬁt of the

‘internal combustion engine, torque, heat and exhaust gas can be mentioned, and the

parameters for controlling these outputs can be aggregated to three kinds of physical
quantities, such as torque, efficiency and air-fuel ratio. Therefore, fhe demands
concerning the functions of the internallcombustion engine may be expressed with t‘hree
physical quanti;ies, such as torque, efﬁciency and air-fuel ratio.

[0024] In the meantime, the demand cohcerning drivability can be expreséed
with for exarhple, torque or efficiency. The demand concerning exhaust gas can be
expressed with efficiency or air-fuel ratio, for example. The demand concerning fuel
consumption can be lexpressed With 'efﬁcienéy or air-fuel ratio, for example.

[0025] On the other hand, as the plural actuators which the internal combustion
engine has in case of spark ignition type 1nterna1 combustion engine, for example, a
throttle valve for adJustlng intake air amount, an igniter for adjustmg an ignition timing,
an injecfor for adjusting fuel injection amount, and a fuel pump for supplying fuel to this
injector can be mentioned. The reason is that the demands concerning each function of
the internal combustion engine can be achieved easily by cohtroiling the intake air
amount, »ignition timing and fuel injectidn amount. | \

[0026] - Al_though the. controlled variables for those actuators are basically
aggregated and mediated for each actuator, the controlled variable mediation level may’
include an integrated mediation portion which mediates .the controlled variables of two or _
more actuators integrally by correlating them with each other. To mediate the plural
actuators integrally, they may be mediated in the same processing step of_ the control
program, for example. As a result, simultaneityv of the mediation of the controlled
variables of two or more actuators can be secured. |

' [0027]  For example, if the inj ector for injecting fuel into the internal combustion

engine and the fuel pump for supplying fuel to this injector are included in the plural
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acluators, the integrated mediation portion may be an injection function mediation
portion that mediates the controlled vafiables of the injector and the controlled variables
of the fuel pump by correlating the controlled variables with each other. As a result,
simultaneity in control of the injectioo amount, injection timing and fuel préssure which
affect largely formation and combustibility of fuel-air mixtﬁre in the combustion chamber
can be secured, so as to achieve format10n of excellent fuel-air mlxture securely.

[0028] As an example when med1at1ng the controlled variables of the injector to

“stop the operatlon of the 1nJector the 1nJect10n function mediation portion may be

mediate the controlled vanables of the fuel pump to stop the operatlon of the fuel pump

by relating to medlatmg the controlled variables of the 1nJector to stop the operation of

" the injector. As a result, when stopping an operation of the internal combustion engine

automatically with a stop of a vehicle, for example, the operatioh of the fuel pump is

- stopped at the same time when the fuel injection is stopped. Consequently, driving loss

of the pump can bé reduced thereby improving fuel consumption performancé.

[0029]  Further, according to the first aspect of the present invention, if the

‘injector injects fuel directly into a combustion chamber in a cylinder of the internal

combustion engine and the fuel pump is a high-pressure punip that suoplies the injector
with fuel with a higher pressure than a predetermlned level, the injection function
mediation portion may mediate the controlled variables of the high-preséure pump to
increase the oreésure of fuel with the high}pressure pump by relating to mediating the
controlled variable of the injéctor, when mediating the controlled variables of the
irlje'ctor to operate the injector in a compression stroke of the cylinder of the internal
combustion engine. -

[0030] As a result, when‘injecting fuel in the compression stroke in which the

pressure in the cylinder is increased, the fuel pressure can be increased with the

high-pressure pump thereby achieving formation. of excellent fuel-air mixture. On the

other hand, when injecting no fuel in the compression stroke, the fuel pressure is lowered

relatively to-reduce pump driving loss and improve fuel consumption performance.



10

15

20

25

WO 2014/140737 PCT/IB2014/000310

10

[0031] In addition, according td the ﬁrst as_pect of the prc;,sent invention, if the

-plurality of the actuators includes an igniter that adjusting the ignition timing of the

internal combustion engine, the controlled variable mediation level may include an
1gn1t10n timing mediation portlon that mediates the 1gn1t10n timing to be adjusted by the
1gn1ter and an ignition cut mediation portion that the controlled variables to stop ignition
by the 1gn1ter separately from the ignition timing mediation portion..

[0032] As a result, to accelerate processing for stopping ignition corresponding
to a demand concerning fail safe or part protectlon only the speed of the anthmetlc
processmg in the ignition cut medlatlon portion different from the ignition timing

mediation portion must be accelerated. Consequently, the arithmetic operation load can

~ be reduced compared to accelerating the speed of the arithmetic processing in the ignition

timing mediation portion.

[0033]  Likewise, according to the first aspect of the prese'nt‘ invention, if the
plurality of the actuators includes an i'nje-‘ctor' for injecting fuel into the internal
combustion engine, the controlled variable mediation level may include an injector

control mediation portion that mediates the controlled variables of the injector and an

- injection cut mediation portion that mediates the controlled variables to stop the operation -

of the injector separately from the injector control mediation portion. ‘

[0034]  Acceleration of the processing . for stopping the fuel injection
corresponding to a demand about fail safe in this way can be achieved by only
accelerating the arithmetic processing of the injection cut mediation portion separately
from the injector control mediation portion. Thus, the above-described configuration
can reduce the arithmetic operation load 'compared to acceleration of the arithmgt_ic
processing of the injector control mediation portion and the injection cut mediation
portion. By accelerating the arithmetic nrocessing of the injection cut mediation portion,
the processing for restarting the fuel injection after the fuel injection is stopped
temporarily is accelerated, which is advantageous for prevention of engine stall.

[0035] Achrd_ing to the pfesent invention, the control arithmetic operation load

can be reduced by transmitting signals in a single direction from the demand generation
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level to the lower physical quantity mediation level, controlled variable setting level and
controlled variable inediation level. Further, by expressing the fundamental fuiiction
demands of the internal combustion engine such as drivability, exhaust gas and fuel
consumption with physical quantities and mediating thern on the physical quantity
mediation levei, a preferable control in which the fundamental demands are satisfied at an
excellent balance can be achieved. | |

- [0036] F urther, by transmitting and mediating the demands concerning fail safe,

startup or the operation of the injector to the controlled variable mediation level not

through the physical quantity mediation level, the demands concerning various kinds of
the functions of the internal combustion engine can be preferably achieved without
increasing the control arithmetic operation load excessively. That is, by sorting the
dem_ands to a suitable mediation for the physical quantity mediation and the controlled
variable mediation for the processing, the demands concerning various kinds of the
functions of the internal .combus‘iion engine can be‘. preferably achieved without

increasing the control arithmetic operation load excessively.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037] Features, advantages, and technical and industrial significarice of exemplary
embodiments of the invention will be described belovi/ with reference to the
accompanying draWings, in which like numerals denote like elements, and wherein:
| FIG.1is a conﬁguration diagram showing an exa'mple of an internal oombustion
engine according to an embodirnent of the present inventio_n§
FIG. 2 is a configuration diagrarn snoWing an exampie of an electronic control unit
(ECU) according to the embodiment;
FIG. 3 is a block diagram showing a hierarchicai structure of an electronic control
unit according to the emi)odiment;
FIG. 4 is a block diagram showing an example of mediation of a startup demand in

the embodiment;
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FIG. 5 is a diagram equivalent to FIG. 4 concerning ’mediation of a demand fdr fail
safe and part protectron | | | |
FIG.6isa dragram equlvalent to FIG. 4 showing a demand for multl—lnjectlon as an
eXample of injection function mediation;

FIG. 7 is a diagram equlvalcnt to FIG. 4 showing a demand for stop of low pressure

, pump operation when stopping injection; and .

FIG. 8 is a diagram equivalent to FIG. 4 showing a demand for quick waﬁn-up of

catalyst.

DETAILED DESCRIPTiON OF EMBODIMENTS
[0038]  Hereinafter, embodiments of the present invention will be described with
refere_nce.to the accompanying drawings. The embodiments will be described about
cases in which the electronic control unit of the present invention has been applied to an
internal combustion engine (hereinafter referred to as engine) loaded on a Vehrcle
particularly to cases in whrch it is applied to a spark ignition type engine.

[0039] Hereinafter, referring to FIG. 1, an example of the structure of the spark

ignition type engine 1 according to an embodiment will be described. Although FIG. 1

illustrates only a structure of a cylinder 2 in the main body of the engine 1, the engine 1

_hasa plurality of cylinders like, for example, an in-line four-cylinder engine. A piston 3.

is accommodated i‘nthe cylinder 2 formed in a cylinder block 1a such that it reciprocates
in a vertical direction in FIG. 1. A cylinder head 1b is mounted on the top of the
cylinder block 1a, so that a combustion chamber is produced between a bottom surface
thereof and the tcp surface of the piston 3. | o

[0040] A piston 3 is connected to a crank shaft 5 via a connecting rod 4. The
crank shaft S is accommodated in a crank case of a bottom portion of the cylinder block

la. A rotor 30la is attached to the crank shaft 5 A crank position sensor 301

.composed of an electromagnetlc pickup, for example is disposed near the side of the

" rotor 301a. When threads on the outer periphery' of the rotor 30la pass, the crank
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position sensor 301 outputs a pulse signal. The engine speed can be calculated using the

» calculated pulse signal.

[0041)  Further, a water jacket is formed to surround the cylinder 2 on the side
wall of the cylinder block 1a. A Water temperature seﬁsor 303 is disposed in the w'a.ter'
jacket to detect a temperature of engine cooling:water w The bottom portion of the
cylinder bldck la is Vex.p‘anded downward in FIG. 1 to form an upper half of the crank
case. An oil pan 1c is\attached to the botfom of the' cylinder block 1a to form a lower - -
half of the crank case. Lubricant (engine oil) to be supplied to each part Qf the erigine is
stored in the oil pan 1c. |

[0042] An ignition plug 6 is disposed on the cylinder head 1b such that it faces

the combustion chamber in the cylinder 2. An electrode of the ignition plug 6 is

supplied with a high. voltage power from an igniter 7. Timing for supplying high
voltage powe;r to the ignition plug 6, namely, ah ignition ﬁming of the engine 1 is
adjusted by 'thve' igniter ‘7. That is, .the igniter 7 is an actuator which is cépable of
adjusting the ignition timing of the ehgine 1 and controlled by an electfonic control unit
(ECU) 500 described below. | | |

[0043]- An intake air port 11a and an exhaust air port i2a are formed in the |

cylinder head 1b suéh that they‘are open to the combustion chamber in the cylinder 2.

- An intake manifold 11b communicates with the intake air port 11a, so that the intake

manifold 11b forms a downstream side of intake air flow through an intake air passage 11.

~ An exhaust air manifold 12b communicates ‘with'an exhaust air port 12a, so that the -

exhaust air manifold 12b forms an upstream side of exhaust gas flow th_rough an exhaust
air passage 12. _ )

[0044]  An air flow meter 304 (see FIG. 2) forr detecting.én amount of intake air
is disposed in the intake air passage 11 A thrbttle valve 8 for adjusting the amount of
intake air is dispoéed on thé downstr_éam side thereof. An intake air terhperature sensor
307 (see FIG. 2) for detecting the témperatufe of air (intéke air temperature) before
sucked by the 'engine‘ 1 is also 'di]sposed in the intake air passage 11 (intake air manifold

11b).
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[0045]  In this example, the throttle valve 8 is disconnected mechanically from

an accelerator pedal (not ,' shown)‘ and driven by an electric thiottle motor 8a. The

~opening amount of the throttle valve 8 is adjusted by the electric throttle motor 8a. A

- signal from the throttle opening amount sensor 305 which detéects an opening amount of

the throttle valve 8 is transmitted to the ECU 500 described below. The ECU 500
controls the throttle motor 8a to obtain a preferable‘ amount of intake air depending on the
operating\ state of the engine 1. That is, the throttle valve 8 i is an actuator Wthh adjusts
the -amount of 1ntake air of the engine 1. The throttle valve 8 can be cons1dered to.-be -
one of a plurality of actuators concerned with an operation of the inte\mal combustion
engine of the present invention. ‘

[0046] The opening of the intake port 11a which faces the combustron chamber
is opened/closed by the intake air valve.13. That is, the intake air passage 11 and the
combustion chamber are connected or d1sconnected by the intake air valve 13.  Likewise,
the opening of the exhaust port 12a is opened/closed by the exhaust air valve 14. That is, |
the exhaust.a_ir passage 12 and the c’omhustion chamber are connected or disconnected by -
the exhaust air ‘val-Ve 14, The opening/closing drive of the intake air valve 13 and the
exhaust air valve 14 is.carried out by an intake air 'camshaf_t 15 and an exhaust air
camshaft 16 respectively. A rotation of the crank shaft is transmitted to the intake air -
camshaft 15 and the exhaust air camshaft 16 via a timing chain or the like.

- [0047] . ) In this example; a cam oosition sensor 302 is provided near the ‘intake air
Camshaft 15. When the‘ piston 3 of a specific cylinder 2 reaches its compression top
dead center, the cam position sensor 302 generates a pulse signal. The cam position
sensor 302 .18 constituted of an electromagnetic ‘.pickup, for example. = Like the
aforementioned crank position sensor 301, the cam position sensor' 302 outplits a pulse
signal with a rotation of a rotor providedon the intake air camshaft 15. o

| [0048] | As an example, a catalyst 17 composed of three-way catalyst is disposed
in the downstream of the exhaust air manifold 12b in the exhaust air passage' 12. This

catalyst 17 is an apparatus which oxidizes CO, HC in exhaust gas which is discharged
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from the combustion chamber in the. cylinder 2 into the exhaust air passage 12 and
reduces NOX to produce harmless CO, H,O, N, thereby purifying exhaust gas.

[0049] In this example, an exhaust air temperature sensor 308 and an air-fuel

: ‘(A/F) ratio sensor 309 are disposed'in the exhaust air passage 12 on the upstream side of

the catalyst 17. And an 02 sensor 310 is dlsposed in the exhaust air passage 12 on the
downstream side of the catalyst 17. /

[0050] Next, a fuel injection system of the engine 1 will be described.

[0051]’ A cylinder injection injector 21 which injects fuel directly into each

combustion chamber. is disposed in'each cylinder' 2 of the engine 1. The cylinder

injection injector 21 is connected to a high-ﬁressure fuel delivery pipe 20. An intake

port 1nJect1on 1nJector 22 which injects fuel into each intake port 11a is disposed in the

~ intake air passage 11 of the englne 1. The intake port 1nject10n mjector 22 is connected

'to a common low—pressure fuel dehvery pipe 23

.[0052] A low-pressure pump 24 which is a fuel pump supplies fuel to, the
low—pressure fuel dehvery pipe 23. A high- pressure pump 25 which is a fuel pump
supphes fuel to the high-pressure fuel delivery pipe 20. Hereinafter, the low-pressure
pump is also referred to as a fuel pump 24 and the high-pressure pump is also referred to
as a fuel pump 25.. Fuel in a fuel tank 26 is pumped by the low-pressure pump 2/4 and
that fuel is supplied to the low-pressure fuel del'ivery'pipe 23 and the high-pressure pump

25. Low-pressure fuel is pfeSsurized up to a higher pressure than a predetermined level

| by the high-pressﬁre pump 25 an’d‘the_, pressurized fuel is supplied to the high-pressure
fuel delivery pipe 20. ’

[0053] A higﬁ-pressﬁre fuel pressure sensor 311 (see FIG. 2) for detecting a
pressure (fuel pressure) of high-pressure fuel supplied to the cylinder injection injector 21
is disposed in the high-pressure fuel delivery pipe 20. A low-pressere fuel pressure
sensor 312 (see FIG. 2) for detecting a pressure (fuel. pressﬁre) of lovs}-pressﬁre fuel

supplied to the intake port 1nject10n 1nJector 22 is disposed in the low-pressure fuel

delivery pipe 23,
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[0054]  Both the cylinder injection injector 21 and the intake port injection
injectof 22 are volectromagnetically-driven actuators. When a predetermined Voltage' is
applied, this electromagnetically-driven actuator is opened to inject fuel. The

high—pfessure pump 25 and the loW-pressure pump 24 are actuators for supplying fuel to

~ the injectors 21, 22.

The operation (injection period, i.e., injecﬁon amourit Vanc‘l‘ ihjeo’tion timing) of the
injectors 21, 22 and tho dischafge quantity and discharge pressure of the fuel pumps 24,
25 are controlled by thé ECU 500 described below.’ , )

l [0055]  Then, fuel is injected from any one or both of the cylinder injeotion
injector 21 and the intake port injection injector 22 so that fuel-air mixture of air and fuel
gas is formed within the combustion chamber. The formed fuel-air mixture is ignited by
tho ignition. plug 6 so that it burns and e‘xplodes. The piston 3 is pressed down by
high-teolperaturé, high-pressure combustion gas produced at this time to rotate thé
crankshaft 5. With opening of the exhaust air valve 14, the combustion gas is
discharged into the exhaust air passage 12. |

[0056]’ As shown schematically in FIG. 2, the ECU 500 includes a central

“processing unit (CPU) 501, a read-only memory (ROM) 502, a random access memory

(RAM) 503 and a backup RAM 504.

o [0057] Various kinds of control programs énd maps to be referred in éxecuting
those various kinds of control programs are stored in the ROM 502. The CPU 501
executeo various kinds of arithmetic processing based on the various' kinds of control
programs and maps stored .in the ROM 502. The RAM 503 is a memory which stores
an arithmetic result in the"CPU 501 and data input from each sensor temporarily. The
backup RAM 504 is o nonvolatile memory which stores data which shoold be st_ored
when the ervlginevl is stopped, for example. |

[0058]  The CPU 501, the ROM 502, the RAM 503 and the backup RAM 504
are connected to each other via a bus 507 and are conoected to an inpuf iinterface 505 and

an output interface 506.
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[0059] ~ Various Sensors 'are‘ connected to the input interface 505. The various
sensors include a crank position sensor 301, a cam position sensor 302, a ‘water
temperature sensor 303, an‘ air ﬂow meter 304, a throttle opening sensor 305 an
accelerator opemng sensor 306, an intake air temperature sensor 307, an exhaust air
temperature sensor 308, an air-fuel ratio sensor 309, an O, sensor 310, a hlgh-pressure
fuel pressure sensor 311 and a low-pressure fuel pressure sensor 312.

[0060] An igniti.o“n‘switch 313 is connected to the input interface 505. When
this ignition switch 313 is turned ON, cranking of the engine 1 by a starter metor (not
shown) is started. On the other hand, the igniter 7 of the ignition plug 6, the throttle
motor 8a of the throttle valve 8, the cylinder injection 1nJector 21, the intake port
injection injector 22, the low-pressure pump 24, and the hlgh-pressure pump 25 are
connected to the output interface 506. '

v [0061‘]- Then, the ECU 500 exeeutes various conttols of the engine 1 based on

E | signals from ‘the aforementioned various sensors 301 to 312 and the switch 313. The

various controls of the engine 1 include energization control of the ignition plug 6 by the
igniter 7, control of the throttle valve 8 (throttle motor 8a), and fuel injection control by
operation control of the injectors 21, 22 and the pumps 24, 25. |
[0062] As a result, the operating state of the engine 1 is preferably controlled so
that demands about fundamental ftmctions including drivability, exhaust gas and fuel
consumption are satisfied at an excellent balance. That is, the ECU 500 achieves
demands about various functioné of the engine 1 by coordinative control of plural
actuators (igniter 7, throttle valve 8, injectors 21, 22, pumpe 24, 25). An electronic
control unit for the internal combustion engine ac.cording to an embodiment of the

present invention is achieved by the control program which is to be executed by the ECU

500.

[0063] Next, the configuration and the features of the electronic control unit of
the present embodiment will be described in detail. FIG. 3 shows respective elements of
the electronic control unit with blocks and transmission of a signal between the blocks is

indicated with an arrow. In this example, the electronic control unit has a hierarchical
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control structure compbsed of siX levels 510 to 560. | The demand generation level 510
is pro{/ided on the highe_st level of the six ones. A physical quah_tity mediation level 520
and a 'controlled variab1¢ setting level 530 are provided below the démand generation
level 510. A controlled variable mediation level 540 and an actuator driving amount
calculation level 550 are'provide‘dlbelow the controlled variable setting level 530. A
control output level 560 is’ provided on the lowest level of the six ones.

[0064]  Signal flowisina single direction between the aforementioned six levels
510 to 560. A ‘signal is transmitted from the ,d'emand genération ylevel 510 to the
physical quanﬁty mediation level 520, from the physical Quantity mediation level 520 to
the controlled variable setting level 530, and frorﬁ the controlled variable setting level
530 to the controlled variable mediation‘ level 540. In addition, a common sigrial
dis;cribution system is provided independently of the six levels 510 to 560 in which the
signal flow is in a single direction. Common signals are distributed in parallel to eaéh
bf the levels 510 to 550 by the common signal distribution System. Representation of
the rcvommon‘ signal distribution system is omitted here. |

[0065]  There is a following difference between a signal transmitted between the
six levels 510 to 560 and a signal digtributed through the commoh signa_ll dis‘Fribution
system. The signal transmitted between the six levels 510 to 560 is a signal of a demanéi
aBout‘_t.he.'function of the engine 1 which is‘ﬁnaliy converted to a controlled variable for
the actuators 7, 8, .... Tb fhe contrary, the signal distributed by the coﬁimon signal
distribution system is a signal which contains information'nece‘sséry for generating a
demand or calculating‘ a controlled variable. ,

[0066] More spééiﬁcally, the signals distributed through the commo‘n signal
distributioh system include information concerniﬁg the operating condition and the -
operating state of the engine 1 (engine speed, intake air amdunt, éstimation torque, real
ignition timing at this time, cooling water temperature, opérating mode).” The
information source thereof ié from varioﬁs sensors 301 to 312 provided in fhe engihe 1
and estimation funcﬁon inside the electronic control unit. If infbrmation concerning the

operating condition and the operating state of the engine 1 is distributed in parallel to the
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respective levels 510 to 550, not only communication amount between the levels 510 to
550 can be reduced, bdt also simultaneity of information between the levels 510 to 550
can be held. The reasdn is that information cohcerning the operaﬁng conditio.n'and the
oparating state of the engine 1 is common engine information uééd cominonly by the
respective levels 510 to 550. |

[0067] Hereinafter, the configuration of the Vrespecti‘ve levels 510 to 5.60 ‘and
pr.o‘cessing executed there will be described in."order from the highest level. A p‘lurality
of demand output Iaortions 511 to 518 are disposed on the demand generation level 510.
The dema‘nd output portions 511 to 518 are provided for each function of the engine 1. -
The demand mentidned here rerfers'to a demand concerning the function of the engine 1
(or a performance ’raquired in the engine 1). Because the function of the engine 1
diversifies, a content of the demand dutput ‘portion disposed on the demand generation

level 510 differs depending on what is demanded to the engine 1 or to which precedence-

is given.

- [0068] In the .present embOdim_'entQ the control must be 'performed‘ on the
premise of satisfying driyabil_ity, exhaust gas and fuel consumption at an,exce‘llént
balance in order to drive the engine 1 of a vehicle efficiently corresponding to a driver’a
driving operation and meet a defnand for natural environment protéétion. Drivabiliﬁy,
exhaust gas and fuel consumption are fundamental functions of the engine 1. Thus, the
demand output portion 511 corresponding to the function concerning drivability, the
demand output portion 512 corresponding to.the function concerning e){haust gas, and the
demand output portion 513 corresponding to’ the function of fuel. cpnsum;ition are
provided on the demand generation level 510. | | |

[0069] " In the ,f)resent embodimetllt;' other demands than the above-described

three fundamental functions are considered. For example, étartup demand, fail safe

demand, part. protection demand, OBD demand, and knocking prevention demand are
other demands than the demands concerning the three fundamental functions. Thus, as

shown in FIG. 3, the demand output portions 514 to 518 corresponding to each of those |
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demands are also provided on the demand generation level 510. A detailed description
of the demand output pertions 514 te 518 will be described below.
>[0070] The demand output portions 511 to 513 digitize and_outputs drivability,
exhaust gas and fuel consumption which are demands concerning fhe fundemental

functions of the engine 1. By digitizing a demand concerning the function of the engine

~ 1, the demand concerning the function of the engine 1 can be reflected on the controlled

wvariables of the actuators 7, 8, ... The arithmetic operation for determining the

controlled variables of the actuators 7, 8, ... will be described below.. -In the present

- embodiment, the demand concerning the fundarnental function of the engine 1 is

expfessed with a physical 'quantity concerning an operation of the engine 1.

[0071] . As the phyéical quantity concerning the operation ef the engine 1., only
three physical quantities, i.e., torque, efﬁeiency and air—fuel ratio are used. The output
of the engine 1 is mainly torque, heat and exhaust~ gas (heat and ingreciient). - The output
of fhe, engine 1'is related to the aforementioned fnndamental functions of the engine 1
such as drivability, exhaust gas, and fuel consumption. Thus, the thfee physieal ‘
quantities, torque, efficiency and air-fuel ratio must be ‘cvleter'mined to control the output

of the engine 1. That is, a demand concerning the fundamental function of the engine 1

. can be reflected on the output of the engine 1 by expressing the demand concerning the

fundamental -functions of the engine 1 with three physical quantities and controlling the
operations of the actuators 7, 8, | _

- [0072]  In FIG. 3, as an example, th'e’_ demand output norﬁon 511 outputs a
demand eenceming drivability (drivability demand). The demand -concerning
drivability is output as .a demand value expressed with torque or efﬁciency (indicated
with an arrow of solid line in FIG. 3). For example, if the demand is about acceleration
of a vehicle, that demand ce’m be expressed with torque. If the demand is about
prevention of engine stall,‘ that demand: can be expressed with efficiency ‘(raisving
efficiency). | | ; |

[0073]  The demand output portion 512 outputs a demand concerning exhaust

gas. The demand concerning exhaust gas is output as a demand value expressed with
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efficiency or air-fuel ratio (indicated with an arrow of solid line in FIG 3). For example,

if the demand is about warm-up of the catalyst 17, that demand can be expressed w1th

~ efficiency (decreasing efficiency) and it may be expressed w1th a1r-fue1 .ratlo also.

- Decreasing efficiency raises exhaust gas temperature and air-fuel ratio can form an

environment in which the catalyst 17 reacts easily.
» [0074]  In addition, the demand output portion 513 outputs a demand concerning
fuel consumption. The demand concerning fuel_eonsumption is output as a demand
value expressed with efﬁciency or air4fue1 ratio (indicated with an arrow of solid line in
FIG. 3). For example, if the demand is increasing combustion efficiency, that demand
may be'expressed \fVith efﬁciency (increasing efficiency). If the demand is decreasing
pumping loss, that demand may be expressed with air-fuel ratio (lean burn). |

[0075] In the meantime, tne demand values output from the demand output
portions 511 to 513 as described above are not limited to one demand about each physrcal" ‘
quantrty As an example, the demand output portron 511 outputs not only a torque
which a driver demands (torque calculated from an opening amount of accelerator) but

also a torque which various devices related to vehicle control demand at the same time.

~ The various devices related to vehicle control are vehicle stability control system (VSC),

traction control system (TRC), antilock brake system (ABS), and tranSmission; The
same thlng can be said of efficiency. -

[0076] Furthermore as indicated wrth an arrow of dotted lrne in FIG. 3, the

demand output portions 512, 513 of the present embodlment output a spe01ﬁc demand

concemmg operations of the actuators 7, 8, ... The specific demands concerning the

operations of the actuators 7, 8, ... are output as a demand value expressed with a

* controlled variable of the actuators 7,8, ... This will be described later.

[0077] Common engine information is distributed from the common signal
distribution system to the demand generation level 510. By 'referring to the distributed -
common engine information, the respective demand output portions 511 to 513 determine
a demand value which should be output. The reason is that the content of the demand

changes depending on the operating condition oroperating state of the engine 1. For /
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- example if catalyst temperature is.measured by the exhaust air- temperature sensor 308,

‘the demand output portion 512 determines a necessity of warm-up of the catalyst 17 -

based on temperature information o‘btained‘by the exhaust air temperature sensor 308.
Then, corresponding toa result of the aforementioned determination, the demand output
portlon 512 outputs a-demand value wh1ch is expressed with efficiency or air-fuel ratio.

[0078] As described above, the demand output portions 511 to 513 output a
pIurality of demands which are _expressed \;vit,h torque, efficiency or air-fuel ratio.
However, it is impossrble to achieve all the plural demands completely» at the same time.
The reason is that even if plural torques are demanded only one torque can be achieved.
L1kew15e even if plural efﬁmencres are demanded only one efficiency can be achleved
and even if plural air-fuel ratios are demanded, only one air-fuel ratio can be achieved.
Thus, proeessing for mediating such demands is necessary.

[0079]  The physical quantity mediation level 520 mediates a demand‘yalue_
output from the demand generation level 510. The mediation portions 521 to 523 are
provided on the physical quantity._ mediation level 520 ‘for each physical quantity which
corresponds to classification of the demand. The mediation portion 521 aggregates -

demand values expressed with torque and mediates to a torque demand value. The

“mediation portion 522 aggregates demand values expressed with efficiency and mediates

to an efficiency demand value. .Then, the mediation portion 523 aggregates demand
values expressed with air-fuel ratio and mediates to an a1r-fue1 ratio demand value.

[0080] These medlatron portions 521 to 523 perform medratlon accordmg to a
predetermined rule. The rule mentioned here refers to a calculation rule for obtaining a
numerical value from plural 'numeri'cal Valnes, for example, selection of a maximum
value, seiection of a minimum value, an average or.superposition and those plural
calculation- rnles may be combined appropriately. However, which rule _should. be
adopted depends on a design of the electronic control unit and the present invention does
not restrict the eontent of the rule.

[0081] Additionally, the common engine information is distributed from the

common signal distribution system to the physical quantity mediation level 520, so that
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the common engine information can be used by the respeétive mediation portions 521 to
523. For example, although the mediation rule may be changed depending on the

operating condition or the operating state of the engine 1, as described below, the

. .mediation rule is never changed considering a torque range which the engine 1 can

achieve.

[0082]  In the mediation po‘rtions 521 to 523, no upper limit torque or lower limit
torque, which the engine 1 can achieve is conside}ed in the mediation. F 1irther a result
of mediation performed by one of the medlatlon portions 521 to 523 is not con81dered in

the medlatlon of other mediation portions. That is, the respective mediation portions

521 to 523 perform mediation independently without considering the upper limit torque

or lower limit torque of the torque range which the engine 1 can achieve or an mediation
result by other mediation portions. This also contributes to reduction of arithmetic
operation load for the control.

[0083]  When the respective mediation portibns 521 to 523 perform mediation as

described above, a torque demand value, an efficiency respect value and an air-fuel ratio

derhand value are output from the physical quantity mediation level 520. © Then, on the
controlled variable setting level 530 which is a level just below the physical quantity
mediation level 520, controlled varlables for the actuators 7, 8, ... are set based on the
torque demand value, the efficiency demand value and the air-fuel ratio demand value
mediated by the physical quantity mediation level 520. ‘

 [0084] - According to the present invention, an adjustment converting portion
531 is provided on each one of fhe controlled variable setting level 530. The controlled
variable setting level 530 adjusts a magnitudé of a torque demand value, an efﬁcienéy

demand value and an air-fuel ratio démand value mediated by the physical quantity -

mediation level 520. Because the torque range which the engine 1 can achieve is not

considered on the physical quantity mediation level 520 as described above, the engine 1

* can be driven prop‘erly'depe'nding on the .mégnitude of each demand value. Then, the

~ adjustment converting portion 531" adjusts each demand value based on a relationship
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between the respective demand values in order to enable the engine 1 to be driven
properly. | |

[0085]  The torque demand value, the éfﬁciehcy demand value and the air-fuel
ratio’demand value are calculated independently 6n higher lévels than the controlled
variable setting level 530, so that calculated values are never used mutually or referred to
cach other betwéen factors related to the éalculation. That is, the torque demand value,
the efficiency demand value -‘and the air-fuel ratio demand value are referred to each other
for the first time on the controlled variable settiné level 530. Because the adjustmeni
targets are limited to three, i.e., the torque demand value, the efficiency derr_laﬁd value,
and the air-fuel ratio demand value, the arithmetic operation load requireci for the
adjustment may be small. |

[0086] How the aforementiohed’ adjustment should bé performed depends on the

‘ deéigri of the electronic control unit and the content of the adjustment is not lir'nit.ed‘ in the

present invention. .However, if there is an order of priority amohg. the torque demand

value, the efficiency demand value and the air-fuel ratio demand value, a demand value

having a lower priority may be adjusted (corrected). For example, a demand value

having a high priority is reflected on the controlled variables of the actuators 7, 8, ... as it -

-'is as much as possible. A demand value having a low priority is reflected on the

controlled variables of the actuators 7,.8, ... after adjusted.
| [0087]  As a result, within a range in which the engine 1 is driven appropriately,

a demand having a high priority can be achieved sufficiently while a demand having a

“low priority can be achieved to some extent. ~As an example, if the priority of the torque

- demand value is the highest, the efficiency demand value and the air-fuel ratio demand

value are corrected. When the efficiency demand value and the air-fuel ratio demand
value are corrected, of the éfﬁciency demand value and the air-fuel ratio demand value,
the degree of correction of a demand having a lower priority is made larger. If the order
of the pribrity changes depending on the operating condition of the engine 1 or the like,

the order of the priority is determined based on the common engine information
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diétributed from the common sigﬁal distribution system .and then, which demand value
should be corrected is détermined.
[0088]‘ On the controlled Qariable setting level 530, a new signal is generated.

using a demand value input from the physical quantity mediation level 520 _aﬁd the

common engine information distributed from the common signal distribution system.
"For example, a ratio between the torque demand value mediated by the mediation portion
521 and an estimation torque contained in the common engine information is calculated

by a division portion (not shown). The estimation torque is a torque which is output

when the ignition timing is set to MBT with a current intake air amount and a current
;dir-fuel ratio. The arithmetic operation for the estimation torqué is ‘Aperformed in a
différent task of the electronic control unit. |

[0089]  If the priority of the iqrque demand value isl the highest as described
above although a detailed descrir;tion is omitted, fhe tdrque demand value, a corrected
efficiency demand value, a corrected air-fuel ratio demand value and a torque efficiency
are calculated By the controlled variable setting level 530. Of the torque demand value,
the corrected efficiency demand value, the corrected air-fuel ratio value and the torque
efficiency, a throttle opening amount is calculated (converted) from the torque demand
value and the corrected efficiency demand value, and the calculatéd throttle opening
amount is transmitted to the controlled Variéble niediation level 540. |

{0090} Mofe specifically, first, the torque demand value is divided by the
corrected efficiency démand value. Because the corrected e,fﬁdienC}" demand value is 1
or less, dividing the torque demand value by the corrected efficiency demand value raises
the torque demand value. The raised torque demand value is converted to an amount of
air and a throttle opening amount ié calculated from the amount of air. In the meantime,
conversion from the torque demand value to the amount of air and calculation of the

throttle opening amount from the amount of air are carried out by reference to a

_predetermined map.

[0091]- Further, the ignition timing is calculated (converted) from mainly tbrque

efficiency. When the ignition tirhing is calculated, the torque demand value and the
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corrected air-fuel ratio demand'value are used as a reference signai. = More specifically,
by reference to the map, a retard amount of the ignition timing relative to MBT is
calculated from the torque efficiency. The smaller the torque “efﬁciency, the larger the
retard amount of the ignition timing is. As a result, the torque.- drops. The

aforementioned raising of the torque demand value is processing for compensating for a

reduction in the torque due to the retard of the ignition timing.

[0092] - According to the present invention both the torque demand value and

" the efﬁ01ency demand value can be achieved by the retard of the 1gn1t10n tlmrng based on

the torque efﬁc1ency and the raising of the torque demand value based on the efﬁcrency
demand value. In the meantime, the torque demand value and the corrected air-fuel
ratio demand value are used to select a map. for convertmg the torque efficiency to the
retard amount of the igriition timing. Then, final ignition timing is calculated frorn the
retard amount of the ignition timing and the MBT (or basic ignition timing).

[0093] - Further, a fuel injection amount is calculated from the corrected air-fuel

ratio demand value and an intake air amount into the cylinder 2 of the engine 1. The

intake air amount is contalned in the common englne 1nformat10n and distributed to the
adjustment convertrng portron 531 from the common signal d1str1but10n system.

[0094] As a result of the above processrng, the signals transmitted from the
controlled variable ‘éetting level 530 (adjustment corrverting portion‘53 1) to the controlled

variable mediation level 540 are a demand value of the throttle opening amount, a

demand value of the igrlition timing and a demand value of the fuel irljection amount.

These signals ‘are input to ‘mediation portions 541, 542, 545 of the controlled variable
mediation level 540 and then mediated as described in detail below.

[0095] . As shown in FIG. 3, the controlled variable mediation level 540 includes

" the mediation portions 541 to 545 (545a to 545c¢) for each controlled variable of the

actuators 7, 8, based on the classification of the demands. In the example of FIG. 3,
the mediation portion 541 aggregates the demand values of the throttle opening amount
and mediates the aggregated throttle opening amount demand values to a s1ng1e demand

value The medrat1on portion 542 aggregates the demand values of the ignition t1m1ng
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and mediates the aggregated ignition timing demand values to a single demand value. -

Further, the mediation portion 543 mediates the demand value which expresses an

~ ignition stop (ignition cutoff) and the mediation portion 544 mediates the demand value

which expresses a fuel injection stop (injection cutoff). -

[0096]  Further, the mediation portion 545 mediates a plurality of controlled

~ variable demand values concerning fuel injection collectively. In the example of FIG. 3,

the medi_ation bortion 545 is an injection function mediation portion (integratcd
mediation portion) in which an mediation portion 545a (injector controlled variable
mediation portion) for mediaﬁng the cént’rolled ‘variables of the injectors 21, 22, an
mediation portion_545b for mediating a controlled variable of the 10w-pres§ure pump 24,
and an mediation portion 545¢ for mediating the controlled variable of the high-pressure
pump 25 are integrated. |

[0097] ' The mediation portion 545 mediates the controlled variables of the plural
actuators including the injectors ‘21, 22, the low;préssure pump 24, and the high-pressure
pump 25 integrally by correlating to each other. Thus, the injection function mediation -
portion 545 is configured to achieve the functions of the three mediation portions 545a,
545b, 545c, for example, in the same processing step of the control prograrh. As aresult,

the simultane.ity of mediation of the controlled variables of the injectors 21, 22, the

" low-pressure pump 24 and the hlgh-pressure pump 25 can be secured

[0098] The respectlve mediation portions 541 to 545 (545a to 545c) perform
medlatlon according to a predetermmed rule like the respective mediation portions 521 to
523 on the physical quantity mediation level 520. The rule depends on the design of the -

electronic control unit and the present invention does not limit the content of the rule.

In the case of mediation performed on the controlled Variable_ mediation level 540, an

order of priority is set preliminarily about the signal demands transmitted and the
mediation is p_érforméd based on the order of priority. In the meantimé; the common |
engine information is distributed to the controlled variable mediation level 540 also from
the common signél distribution system, so that the respective mediation portions 54>1 to

545 can use the common engine information.
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. [0099]  As described above, the respective mediation _portions 541 to 545
perform mediation and as a result, the controlled variable mediation level 540 outputs a
throttle opening ambunt demand value, an ignition timing demand value (or ignition cut
demand value), a pair of injection amount demand values (or injection cut démand

value:s.) and a pair of injection timing demand values of the injectors 21, 22, a

low-pressure pump discharge amount demand value and a high-pressure pump discharge

pressure demand value.

'[0100] Controlied variables of the aétuétbrs 7, 8, ... are calculated as required
based on each demand value on the actuator driving amount calculat?on level 550 which
is a level below the cor{trolled Variablé mediation level 540. In thé example of FIG. 3, a
calculating pbrtfon 551 calcﬁlates an injection amount (injectipn pertod) from an
injection amount demand value transmitted from the injection function mediation- portion
545 (545a) of fthe controlled variable mediation level 540. Furfh_er, the calculating
portion 552 célculates a low;pressure pump driving duty from a low-pressure pump

discharge amount demand value transmitted from the mediation portion 545b. " The

calculating portion 553 calculates a high-pressure pump discharge amount from a

high-pressure pump fuel pressure demand value transmitted from the mediation portion
545c.

- [0101]  Then, contrdl output portions 561 to 565 are provided on the lowest

- control output level 560 corresponding to a signal transmitted from the actuator driving

amount calculation level 550. A throttle opening amount demand value is transmitted to .
the control output portion 561 (throttle drivir_lg. control portion) and a throttle driying
signal is output correspond'ing to .the transmitted throttle‘opening amount demand value.
An ignition timing demand value or an ignition cut demand value is transmitted to the
control output portion 562 (ignitér energization control portion) and an igniter
energization signal is output corresponding to the transmitted ignition timing demand
value or ignition cut demand value. i

[0102] Demand values of an injection amount and an injection timing, or an

injection cut demand value are transmitted to the control output portion 563 (injector
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- driving control portion) and an injector driving 'signal is outpﬁt corresponding to the

transmitted - demand values of the injeétion amount and injection timing or the injection
cut demand value. A low-pressure pump driving duty is transmitted to the control‘
output portion 564 (low-pressure pump driving control portion) and a low-pressuré pump -

driving signal is output corresponding to the transmitted low-pressure pump driving duty.

" A demand value of a high-pressure pump discharge amount is transmitted to the control

output portion 565 (high-pressure pump driving control portion) and a high-pressure
pump driving signal is output qorresponding to the transmitted high-pressure pump
discharge amount demand value. - |

[0103] . Next, the mediation of thg controlled variable of the act'uatér on the
controlled varia;ble mediation level 540 will be described speciﬁCélly with reference to

FIG. 3 and FIGs. 4 to 6. As described above, the electronic control unit of the>present

embodiment expresses the demands on the fundamental functions of the engine 1, i.e.,

drivability, exhaust gas and fuel consumption, with a combination of the three physical -
quantities including torque, efficiency and air-fuel ratio and mediates such a function

demand on the physical quantity mediation level 520. By expressing and mediating the

bfundamevntal function demands of the engine 1 with the three physical quantities, the

engine 1 can be driven in a preferable condition which .satisﬁes the fundamental function
demands at an excellent balance.
. [0104]  However, the functions demaﬁded to the engine 1 are not only the

fundamental functions such as drivability, exhaust gas and fuel consumption, but also a |

“demand with a high ufgency such as fail safe, a demand only under a specific condition

- such as startup and OBD, and a demand on the controlled variable of the operatioh of the

inje:ctors 21, 22. The functions demanded to the engine 1 othér than the fundamental
functions are not suitable for a method of expressing those with the three physical
quantities incfﬁding torque, efficiency and avtir-fuely ratio and mediatihg.

[0105]  For example, if the operating state is changed correspondingvto a demand
with a high ufgenéy such as fail safe, part protection, that pfocessing must be performed

as quickly as possible. If after such a demand is converted to a demand value about
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torque, efficiency or alr-fuel ratio- temporarily and then mediated, the controlled variable
of actuators such as the igniter 7 and the injectors 21, 22 is set, an excess arithmetic
operat1on load occurs which is d1sadvantageous for increasing the processing. speed
[0106] That is, restr1ct10n of the intake air amount to suppress a r1se in engine

speed can be performed by simply limiting the throttle opemng amount (controlled

variable of the throttle valve 8). If after converted to a physical quantity such as torque

temporarily, the throttle opening amount is mediated on the physical quantity mediation
level 520 and the throttle opemng amount is calculated agam based on the mediated
demand value an excess calculation must be performed.

[0107]  Further, for the engine 1, there are demands which occur under only

specific situations such as startup, stop, OBD as well as those under normal operatmg

- condition. Because these demands can be expressed srmply with a control sequence such

as throttle opening amount, fuel injection amount, 1gn1t1on timing, the meanmg of

expressing those W1th the physical quantity such as torque and med1at1ng it is small and
further, an excess ar1thmetlc operatlon load occurs as described aboye.

[0108]  Further, because the engine 1 .of the present embodiment can inject fuel
directly into the combustion chamber of the cylinder 2 from the cylinder injection
injecter 21, the freedom of injection contrel is high. There is a demand for changing the
injection timing or injection frequeney appropriately to fdrm an excellent fuel-air mixture.
Because the injection timing and the injection frequency mean just operations of the
lnjectors 21, 22, that is, the controlled variables of the injectors‘21, 22, the arithmetic
operation_ load is smaller when the injection timing and the lnjeetion frequency are set
directly as a controlled variable than when they are expressed with the physical quantity
such as torque. o | | | |

[0109] - From such a viewpoint, accdrding to the 'pre'sent embodiment,‘ the
demand output portlons 514 to 518 are provided on the demand generation level 510
corresponding to startup demand, fail safe demand, -part protection demand, OBD

demand, knocking prevention dernand, for example, as shown in FIG. 3. Then, these
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demand output portions 514 to 518 outputs demands as a d_emandvvalue expressed with

kthe controlled variables of the actuators 7, 8, ... not with the physical quantities.

[0110]  As indicated with arrows. of dotted line in FIG. 3, signals of these
demand values are transmitted directly to the controlled vériable mediation level 540 not
through the physical quantity mediation ievel 520 or the c;)nt;olled variable setting level
530. With the demand values of the throttle qpéning amount, the ignition timing or the
fuel injection amount transmitted from the controlled variable .setting level 530 to the

controlled variable mediation level 540 as described above, these demand values are

- aggregated about each controlled variable. The demand values aggregated about each

controlled variable are mediated to a single demand value of each controlled variable by

‘the respective mediation portions 541 to 545 on the controlled. variable mediation ievél |

540.

[0111] | As shown in FIG. 4, more specifically, a signal from the startup demand
output porfion 514 on the demand generation level 510 is transmitted to the throttle -
opening amount derﬁand mediation portion 541, the ignition timing demand mediation

portion 542 and the injection function mediation portions 545 (545a, 545b, 545¢) on the

- controlled Variablé; mediation level 540. Further, as shown in FIG. 5, a signal from the

fail safe demand output portion 515 is transmitted to the ignition cut demand mediation
portion 543 and the injection cut demand mediation portion 544. |

[0112]  Likewise, as shown in FIG. 5, a signal from the part protection demand
output portion 516 is transmitted to the ignition cut demand mediatibn portion 543, the
injectioh cut demand mediation portion 544, and the injection function mediation portion
545 (545a). As shown with arrows of dotted line in FIG. 3, a signal from the OBD
demand output portion 5 17 and a signal from the knocking prevention demand output
portion 518 are traﬁsmitted to the injection ﬁinction mediation poftion 545 (545a).

[0113]  Further, as shown with arrows of dotted line in FIG. 3 and as shown in.

' FIG. 6, signals of specific demands (e.g., multi-injections described later) about

operations of the injectors 21, 22 and.'the fuel pumps 24, 25 are transmitted from the

exhaust gas demand output portion 512 and the fuel consumption demand output portion
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513 on the demand generation level 510 directly to the controlled variable mediation

level 540 not via the physical quantity mediation level 520. The specific demands are

mediated by the injection function\ mediation poﬂidn 545 or the like describ.ed in detail
later.

[0114]  In the pfesent embodiment, the order of priority is set preliminarily about
signals output from the demand output portions 514 to 518. For example, if the engine
1 is stopped, the priority order of the startﬁp demand is the highest and if the engine after
startup is running, the priority ordef of the fail safe demand is‘the highest. After that,
the priority order. is set in order of part protection demand, OBD demand, and knocking

prevention demand. Further, the priority order of any one of those demands is set

~ higher than the fundamental demands during a driving of a v‘ehicle (drivability, exhaust

gas and fuel consumption).

[0115] As _shown in FIG. 4, if a startup demand occurs on the startup demand

| output portion 514 on the demand generation level 510 corresponding to an operation of

the ignition switch 313, a demand value expressed with the controlled variable of the
actuator is generated. The demand values expresSed with the coﬁtroll,ed variable of the
actuafor include demand values for startup throttle opening amount for startup of the
éngine, étartup ignition timing, startup injection amount and injection timing (operaﬁons
of the injectors 21, 22), startup fuel amount (discharge amount of the low-pressure pump

24), and startup fuel pressure (discharge pressure of the high-pressure pump 25). These

~ demand values are transnd_itted to the mediation portions 541, 542, 545 (545a, 545b,

545c¢) on the controlled variable mediation level 540. |
[0116] These demand values activate the actuators such és the igniterb7, the
throttle valile 8, the injectors 21, 22, the low-pressure pump 24, and the high-pfessure
pump 25 éccording‘ to a predetermined startup control sequence. In the respective
mediation portions 541, 542, 545 (545a, 545b, 545c) which have received signals of these
demand values, each demand value for stértup_ control is selected and output. For
examplé, the control ou;cput portion 561 to which the demand value of the throttle

opening amount is transmitted from the mediation portion 541 outputs a throttle driving
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s1gnal and the control output portion 562 to which the demand value of an 1gmt1on t1m1ng
is transm1tted from the mediation portion 542 outputs an igniter energization signal.

[0117] ~ An injection amount (injection period) signal is output from the
calculating portlon 551 by receiving the demand value of the injection amount from the
injection function mediation portion 545, and the control output portlon 563 to Whlch this
signal is transmitted outputs an injector driving signal. Further, the driving duty signal
of a low-pressure pump 24 is output from the calculating portion 552 which has
received the demand Value of a discharge amount of the low-pressure pump 24, and the
control output portion 564 to which this signal-is 'tran_sfnitted outputs a low-pressure |
pump driving signal. A fuel pfessure demand Vulue signal is output from the calculatiug

portion 553 which has received the demand value of a discharge pressure of the

_high-pressure pump 25, and the control output portion 565 to which this signal is

transmitted outputs a high-pressure pump driving signal. As a result, preferable engine
startup control is achieved. |

[0118]  As an example, according to the present embodiment, in an initial

_ predetermined combustion cycle at startup time except at extremely low temperatures

'ha{/ing a fear that an accidental fire may occur, fuel is injected by the cylinder injection

injector 21 in a compression stroke of the cylinder 2 in order to increase startup
responsiveness of the engine 1, so that the combustion stute of the engine 1 turns into the
stratified combustion state (ut this timé, fuel may be injected from the iutake port
injection i'njector 22 also.). To turn the combuStiun state of the engine 1 into the
stratified combustion state, not only fuel is supplied to the injectors 21, 22 by the
operation of the loW-‘pressure pump 24, but also the discharge pressure of fuel from the
high-pressure pump 25 is raised over a predetermined pressure. ,

[0119] At that time, if bubbles exist in a.pipe‘ which supplies fuel to the injectors
21, 22,'no fuel is fed by a first one or two revolutions of the high-pressure pump 25, but
the startup responsiveness may drop. Thus, the low-pressure pump 24 is activated
preliminarily. For example, if the power of a vehicle is turned ON, a discharge amount

démand signal of the low-pressure pumpy 24 is output and when the ignition is turned ON
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after that, demands about the throttle opening amount, the ignition timing, the injector
operation and the dlscharge pressure of the high-pressure pump 25 are output.
[0120]  As a result, before the startup control,of the engine 1 begins, the
operation of the low-pressure pump 24 starts, so that the pressure of fuel in the pipe

increases thereby eliminating the bubbles. Thus, at the same time when the rotation of

the high-pressure pump 25 starts, fuel is supplied to the cylinder injection injeetor 21

from the high-pressure fuel dellvery pipe 20 and 1n3ect10n of fuel is performed thereby
improving the startup responsweness ‘

[0121] For example, if any fault is detected during the operation of the engine 1
or an excessive temperature rise of a part is detected, fail safe demand or part protection
demand ocours in the demand output portions 515,516 on the demand generation level

510. As shown in FIG. 5,a demand value expressed with actuator controlled variable

. for stopping the operation of the engine 1 temporarily, that is, a demand value of ignition

cut and injection cut is transmitted to the mediation portions 543, 544 on the contfolled
variable mediation level 540. | | \

[0122]  Because these demand values have a high priority, an 1gn1tlon cut
demand value. and an injection cut demand value are output from the respective
mediation portions 543,-544. The control output port1on 562 (igniter energization
control ‘portion) on the control output level 560 to which this signal is-transmitted stops
output of the igniter energization 51gna1 and the control output portion 563 (injector
dr1v1ng control port1on ) stops output of an injector dnvmg s1gna1 As a result, ignition

by the ignition plug 6 and injection of fuel by the injectors 21, 22 stop so that the

| operation of the engine 1 is stopped soon.

[0123]  In the meantime, in the case of part protection demand, the operation of
the engine 1 is not nequired to be stopped depending on a case. In this case, a demand
value for decreasing the injection amount of fuel is tr_ansmitted from the demand output
portion 516 to the mediation portion 545a about the ¢ontrolled variabies of the injectors
21, 22 in the injec'tion‘ function mediation portion 545. Byl'receiving this demand, the

injection amount calculating portion 551 calculates an injection amount based on the |
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injection amount demand value transmitted frorrr the mediation portion 545a, and
corresponding to this, the conirol output portion 563 outputs en injeetor driving Signél :
which decreases fuel. ‘ |

[0124] In the present embodiment, the controlled variable mediation level 540

includes the ignition cut medlatlon port1on 543 separately from the med1at1on portion 542

for medlatlng an ignition t1m1ng and further 1ncludes the injection cut medlatlon port1on
544_ separately from the injection function mediation portion 545 (545a) for mediating the
controlled variables of the injectors 21, 22 This aims at allowing processing to be
executed under a situation with a high urgency to stop the eperation of the engine 1
corresponding to a demand for fail safe or part protect1on
[0125] That is, if the 1gn1t10n timing med1at1on portion 541 or the 1nJect10n
function mediation portion 545 is configured to medlate the demands about the ignition
'eut or 'the inject‘ion‘ cut, the Speed of all processing necessary for ignition and fuel
injection must be accelerated thereby increasing the arithmetic operatien load. Thus, the
rnediatiOn portions 543, 544¥ about the ignition cut and the rnjection cut are provided
independently to accelerate the speeds of those processing. In the meantime, if the
processing of the injection cut mediation portion 544 is accelerated, processing for
restarting the fuel injection after temporary stop is also accelerated which is advantageous
for preventlon of engine stall |
- [0126]°  As shown with an arrow of dotted line in FIG. 3, for example, if an OBD
demand for fault diagnesis ie generated in the demand output portion 517 on the demand

generation level 510, a controlled variable demand value for making the igniter 7, the

~ throttle valve 8§, the injectors 21,22 perfdrm a predetermined fault diagnostic eperation is

transmltted to the 1nject10n funct1on mediation portlon 545 By receilving this demand
value a fault diagnosis demand value is selected in the injection function mediation
portion 545 and a signal is output to the_ actuator driving amount calculation level 550.

As a result, the engine 1 turns into a predetermined operating state, thereby performing

“the fault diagnosis.
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[0127]  Further, for oxémple, if knocking is detected during an operation of the |
engine 1 so thata knocking prevontion demand is generated in the demand output portion
518 on the demand generation leVEI 510, a demand value for increasing the fuel injection
amount is transmitted to the injection function medlatlon portlon 545 on the controlled
varlable mediation level 540. To decrease the combustion temperature, it is necessary

to 1ncrease,the fuel injection amount. By receiving this signal, the 1nJect10n function

" mediation portion 545 selects increase of fuel for prevention of knocking and outputs a

signal to the actuator driving amount calculation level 550. As a result, prevention of

knocking is achieved. In the meantime the ignition period may be retarded.

[0128]> Further, as shown in FIG. 6, if the predetermlned condition is estabhshed

during the operation of the engme 1, a demand Value for ach1ev1ng multi- 1nject1on is

‘output from the demand output portions 512, 513 about exhaust gas or fuel consumption.

A demand value of the operation of the injectors 21, 22 (injection amount and injéction
timing) and a demand value of discharge pressure of the high-pressure pump 25 for

increasing fuel pressure are output from the demand outpuf portions 512, 513 about

. exhaust gas and fuel consumption. The multi-injection refers to fuel injection of

.eXCcuting' fuel injection in a single combustion cycle dividedly by plural times with both

the injectors of the cylinder injection injector 21 and the intake port injection injector 22

| activated.

[0129] As an exai’nplo, when removing deposit accumulated on an injection hole

of the cylinder injection injector 21 or suppressing dilution of oil by fuel, the demand

value about multi-injection is output. from the exhaust gaé demand output portion 512.
Further, if it is intended to reduce fuel consumption by increasing dispersibility of fuel -
injection in a dfiving state in which noise from the cylinder injection injector 21 is
difficult for a vehicle driver to hear, a demand value for multi-injection is output from the
fuel consumption demand output portion 513. |

[0130]  If there is no demand for the .aforementioned fail safe, part protection,
OBD or knocking prevention during the operation of the engine 1, these demand values

are transmitted. The injection function mediation portion 545 (mediation portions 545a,
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545¢) selects (mediates) demand values for multi-injection, that is, a controlled variéble

for activating the cylinder ijection injector 21 and the intake port injection injector 22

~ and a controlled variable for raising the fuel diséharge pressure of the high-pressure -

- pump 25 at the same time.

'[0131]  Then, by receiving the injection amount demand value transmitted from )
the mediation portion 545a, the calculating portion 551 on the actuator driving amount
calculation level 550 calculates an injection amount (injection period). The cal‘lc'ul‘ated‘
injection amount signal is traﬁsfnitted to the control output portion 563 on the control
output level 560 and at the same time, the injection ‘\[i‘ming signal is transmitted from the
mediation portion 545a directly to the control outbut portion 563. By receiving this
signal, the control output portion 563 outputs an injector driving signal to exécute
injection operation plural times in a single combustion cycle of the engine 1. _ |

| [0132] By receiving a demand Qalue about the discharge amount of the
high-pressure pump 25 transmitted from the mediation portion 545c, the calculating
portion 553 outputs a signal of a demand V‘élue.for‘édjusting the discharge amount froﬁl
the high-pressure pump 25 to meet this dem'and.‘ The control output portion 565 to

which this signal is transmitted outputs a high-pressure pump driving signal for raising

- the discharge amount. As a resuIt, the discharge amount and discharge pressure from

the high-pressure pump 25 increase, so that a higher préssure fuel than a predetermined
level is >supp1ied from the high-pressure fuel delivery pipe 20 to tﬁé cylinder injection
injector 21. .Consequently, injection of fuel into the high-pressuré éyliﬁder 2 is achieved
in the compression strdke. g

[0133]  As shown in FIG. 7, .operatibns of the injectors 21, 22 and an operation
of the 10w7pressure pump 24 are stoppéd at the same time by the demand output from the
fuel cvonsumption demand output portion 513 :under a predetermined state. Thét is, for
example, when stopping an operaﬁdn bf the engine 1 autoﬁiatically with a stop of a
vehicle (idle stop), a demand value for redﬁcing fuel injection amount by the injectors 21,

22 to zero (injection stop) and a demand value for reducing the discharge amount of the
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low-pressure pump 24 to zerov (operatien stop) .are output from the fuel consumption

demand output portion 513., |
[0134] By receivingthese signals, a demand value for reducing the injection '
amount to zero is output from the mediation portion 545a in the injection function
mediation portion 545. An injection operation signal for redueing the injection amo.unt
to zero is transmitted from‘the calculating portien 551 on the actuator driving amount
calculation level 550, and the control output portion 563 outputs an injeetbr driving sigrtal

for stopping the operation of the injectors 21 22. Further, a demand Value for reducmg

the dlscharge amount of the low—pressure pump 24 to zero is output from the med1at1on

p_ort10n 545b and a control duty signal for reducmg the discharge amount to zero is output
from the calculating portion 552. The control output portion 564 outputé a low-pres'sure
driving sigvnal‘ for stopping the operation of the low-pressure pump 24.

[0135] In this uvay, when the ‘eperation of the engine 1 is stopped, the fuel
injection by the ihj ectors 21, 22 is stopped and the operation of the low-pressure pump 24
is also stopped. As a result, power consumption due to waste operation of the
low-pressure pump 24 can be reduced, ‘which is advantageous for reduction of fuel
consumption of the engine 1. ‘ |

[0136] Further, as shown in FIG. 8, demand values about a throttle -opening
amount for quick warm-up of catalyst ignition timing, mjectlon amount and injection
tlmmg of fuel and dlscharge pressure of the hlgh-pressure pump 25 are transmitted from -
the exhaust gas demand output portlon 512 directly to the controlled variable mediation
level 540 not through the physical quantity mediation level 520, Usually, to raise the
temperature of the catalyst 17 for its activation, an efficiency demand value transmitted
from the demand output portion 512 to the mediation portions 522, 523 on the physical
quantity mediation level 520 is changed and as a result, exhaust gas temperature rises due
to the reduction of efficiency. |

[0137]  To the cbntr’ary, if it is intended to raise the exhaust air temperature toa
maximum extent in order to warm up the catalyst 17 in the shortest time like just after

cold start of the engine 1, the ignitiou timing must be retarded up to after the top dead
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center (TDC) so that the efﬁciency is reduced oompared to the aforementioned warm-up

~ of the catalyst Retarding the ignition timing- largely in thls way worsens the

combust1b111ty Thus, to prevent a001dent fire, the amount of air is increased and the
fuel 1nJect10n to be performed in the compression stroke is further retarded in order to
increase the concentratlon of fuel -air mixture around the ignition plug 6.

[0138]  For the reason, if a demand for quick warm-up of the catalyst occurs in
the demand output portion 512, signals about a demand value for increasing the throttle
opening amount (opening the throttle), a demand value for the ignition vretardation, a
demand value for the compression stroke injection, anda demand value for‘increaS‘ing‘

fuel pressure are transmitted to the mediation portions 541, 542, 545 on the controlled

variable mediation level 540: By receiving these signals, demand. values about the :

throttle opening amount the ignition timing, the operations of the injectors 21, 22

(injection amount and injection timing) and the dlscharge amount of the h1gh-pressure

- pump 25 are output from the respective arbitrary portions.

[0139] The control output portlon 561 to Wthh the throttle opemng amount .
demand value is transmitted from the mediation portion 541 outputs a throttle dr1v1ng
51gna1 for increasing the throttle opening amount. The control output portion 562 to
which the ignition timing demand value is transmitted from the mediation portion 542
outputs an igniter energization signal to retard the ignition timing. The calculating
portionv 551 which receives: the injection amount demand value from the injection
function mediation portion 545 outputs an 1nJect10n amount signal and the control output
portion 563 to which this 51gna1 is transmltted outputs an injector dr1V1ng signal to make

the,cyhnder injection injector 21 perform injection operation in the compression stroke of

“the cylinder 2.

[0140] ‘Further, the calculating portion 553 which receives. a discharge pressure
demand value of the high-pressure pump 25 from the injection function mediation portion-

545 outputs a discharge amount demand value necessary for obtaining the discharge

pressure. By receiving this signal, the control output portion 565 outputs a

high-pressure pump driving signal for increasing the discharge amount. By receiving
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this signal, the igniter 7, the threttle valve 8, the injectors 21, 22 and the fuel pumps 24,

~ 25 operate so that the exhaust. air temperature becomes as high as possible and the

temperature of the catalyst 17 riées quickly. Instability ‘of combustion due to large

retardation of the ignition timing is suppressed by increasing the amount of the intake air

 and richness of fuel-air mixture around the ignition plug 6.

- [0141] © As described above, in the electronic control unit of the present

embodiment, a signal is transmitted in a single direction from the demand generation

level 510 which is the highest level of the hierarchical strucfure, through the ldwer-lev'el

. ‘physical quantity mediation level 520, controlled variable setting level 530, and

10°  controlled variable mediation level 540 to the actuator driving amount calculation level

55 0 thereby reducing the control atithmetic operation load.

[0142] Furtheér, the fundamental function demands of the engine 1 such as
drivability,‘ exhaust gas and fuel consumptlon are expressed with a combination of three
kinds of \physicai quantities "iﬁcluding tofque,. efficiency and air-fuel ratio and mediated
on the physical quantity mediation level 520. Asa reeult, the ‘engine 1 can’ be driven in

a preferable state in which those fundamental demands are satisfied at an excellent

[0143] On the other hand, demands for fail safe, étartup er mdlti—injection are
transmitted directly to the controlled variable mediation level 540 not via the phys1cal
quantlty medlatlon and mediated. In other words, various s kinds of demands concerning
the functions of the engine llare sorted to a suitable one of the phyeical quantity
mediation and (thevcontrolled_variable mediation and proceséed. As a resuit, all the
function deménds can be preferably achieved without increasiné _contrdl_ arithmetic
operatlon load excessively. |
[0144]  Because the transmission of the signal from the demand generation level

510 to the physical quantity mediation level 520, the controlled variable setting level 530,

~ and the controlled variable mediation level 540 is in a single direction, if a function for

transmitting a demand directly to the controlled variable mediation‘llevel 540 is added, it

is not necessary to change processing of the physical quantity mediation level 520 or the
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controlled variable setting level 530. Thus, there is such an ad§antageous effect that
poﬁions which should be ¢hianged in the control bfogram are a few thereby contributing’
to reduction of man-hours. |

[0145]  Further, according to the présent embodiment, the injection function
mediation portion 545 is provided on the controlled variable mediation level 540 by
combining the mediation portion 545a for mediating the controlled variables of the
injectors 21, 22 and the mediation portions 545b, 545¢ for mediating the controiled
variables of the fuel pumps 24; 25 integrally and correlating them with each other. - As a
result,v simulfaneity in mediation of the controlled variablés for the fuel injectidﬁ is.
secured therebyvachievingan excellent combustion with an excellent fuel-air mixture.

[0146] F urther, according to the pfesent embodiment, on the controlled vari_able‘
mediation level 540, the ignition cut mediatio'niportion 543 is provided separately from
the ignition timing mediation pdrﬁon 542 and the injection cut mediation poxﬁon 5214 is
provided separately from the injection function' mediation ‘polrt.ion 545, thereby
accelerating only the speeds of processing of the ignition cuf and injection cut mediation
portions 543, 544. As a result, processing for fail safe and part protection can be
executed rapidly while suppressing an increase of the control arithmetic operation load.

[0147]  Although the embodiment of the present"invention has been described
above, the present invention is not restricted to the above-described embodiment, but may
be modified within a range not departirigvfrom the spirit of the invention. For e}{ample,
although the above-described embodiment 'has mentioned three kinds of functions
including ‘dﬁ§ability, exhaust gas and fuel consumption as the fundamental function
demand to the engine 1 and these fu’n_ctidn demands are expressed With three physical
quantities such as torque, efficiency and air-fuel ratio and mediated, the present invention
is not restricteci to this example. |

[0148]  Further, the fuhction demands which are expressed with the céntrolled

variables of the actuators 7, 8, ... and mediated instead of the three physical quantities are

‘not restricted to.the startup, fail safe, part protection, OBD and knocking prevention

described in the above-described embodiment. ~ As other function demands, for example,
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automatic stop of the engine .at the time of idle stop and récovery of the performance of
the catalyst 17 can be mentioned.
[0149])  Although according to the above-described émbodiment, the signals
related to the operating condition and operating state- of the engine 1 (common
iﬁformation) are distributed through the common signal distribution system, these signals

may be distributed from a higher level to a lower level in the hierarchical structure with

" the demand values.‘.-

[0150]  Further, the actuators of the engine 1 are not restricted to the'igniter 7,

the throttle valve 8, the injectors 21, 22 and the fuel pumps 24, 25 of the above-described

~embodiment. For example, a variable valve timing system (VVT), a variable valve lift

‘systéf‘n (VVL), and an outside EGR system may be selected as an actuator to. be

controlled. In an engine with a cylinder stop system or a variable compression ratio
system, those systems may be selected as an actuator to be controlled. |

[0151] | In an engine with motor-assisted turbo charger (MAT), the MAT may be
selected as an actuator to be controlled. Because thé output of the engine 1 can be

controlled indirectly with an engine auxiliary device such as an alternator, the auxiliary

device may be selected as the actuator to be controlled.

' [0152] Further, although in the above embodiment, the case in which the

electronic control unit of the present invention has been applied to the spark ignition type -

engine 1 mounted on a vehicle has been described, the present invention may be applied

to other engines than the spark ignition type engine 1, for example, a diesel engine or an

- . engine provided in a hybrid system with an electric motor.
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CLAIMS
1. An electronic control unit for an internal combustion engine, the electronic

control unit being configured to achieve demands concerning various kinds of functions |
of the internal combustion engine by coordinative control of a plurality of actuators
con.ceming .an operation of the internal combustion engine, |
the electronic control unit comprising:

a demand generation level that generates and outputs demand values concerning
the functions of the internal combustion engine; |

a physical quantity mediation level that is provided' just below the demand
generation level, the physical quantity mediation level aggregéting. and mediating
demand values expressed with predetermined physical quantities of the demand values“

a controlled variable setting level that is provxded just below the physical quantlty
‘medlatlon level, the controlled variable setting level setting controlled variables of the
actuators based on the mediated demand values; and |

a controlled variable mediation level that is provided just below the controlled
variable setting level the demand values eupressed with the controlled variables of the
actuators of the demand values output from the ‘demand generatlon level being
transmitted to the controlled vanable medlatlon level not through the phys1ca1 quantity
mediation level, the controlled variable mediation level aggregatlng and mediating
demand values expressed with controlled variables of the actuators set on the controlled
variable setting level and the demand values expressed with the controlled variables of
the actuators of the demand values that are transmitted to the controlled variable
mediation level not 'through the physical quantity mediation lével for each of the
controlled variables.; | .

wherein the electronic control unit includes a hierarchical control structure, and in
the hierarchical control structure, the demand values output from the demand generation
level are transmitted in a single direction from a higher level to a lower level in order of
the demand generation level, the physical quantity mediation level and the controlled

variable setting level.
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2. The electronic control unit according to claim 1 wherein

On the controlled variable mediation level, the priority of the | demand values
transmirted from the demand generation level to the controlled variable mediation level
not tnrough the physical quantity mediation level is</higher than the priority of the

demand values transmitted through the physical quantity mediation level.-

3. The electronic control unit according to any one of claims 1, 2 wherein

. an order of . priorify is set preliminarily on the demands of the demand Values ‘
transmltted from the demand generatlon level to the controlled variable medlatron level
not through the phy51ca1 quantity mediation level, and the controlled - varlables of the
actuators are mediated by considering the order of prrority on the controlled variable

mediation level.

4, The electronic control unit according to any one of claims 1 to 3 wherein
" the demand generation level includes a first demand outpnt porﬁon and a secend
"demand output portion, the first demand output portion expresses the\demand values
eonc‘erning the functions of the internal combustion engine with the physical quantities
and outputting the expres_sed demand values, the second demand output portion expresses
the demand values concerning the functions of the internal combustion engine with the
controlled variables of the actuators and outputting the expressed demand values, the first
demand output portion and the second demand ourput portion are provided for each of the
functions; |
the physical quantity mediation level includes a physical quantity medjation portion
for each of the physical quanfities,
each physical quantity mediation portion existing for each physical quantities being
conﬁgured to aggregate the demand values of the physical quantities of.which the
physical quantity medlatlon portion is charge of demand values output from the demand

output portion and mediating to a single demand value;
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the controlled variable setting level adjusting each demand value. mediated by the
physical quantity mediation -portion based on a relationship between respective demand
. values mediated by the physical quantity mediation portions and setting the controlled

variables for each of the plurality of the actuators.

5. The electronic control unit according to any one of claim 1 to 4 wherein
the controlled variable mediation level includes an integrated mediation portion, the
“integrated mediation portion mediating controlled variables of two or more actuators

integrally by correlating the céntrolléd variables with each other.

6. The electronic control unit éccbrding to claim 5 wherein ‘

the plurality of the acfuators-inciude an injector for injecting fuel into the internal
combustion engine and a fuel purmp for supplying fuel to the injector, and

the | integrated mediation portion is an injection function mediation portion that
mediates controlled variables of the injector and controlled variables of the fuel pump by

correlating the controlled variables with each other.

7. The electronic control _unit according to claim 6 whereih -
l wh_en rhediating the controlled variables of the injector to stop the operatiori of the
injector, the injection function mediation portion mediates the controlléd variables of the
fuel pump to stop the operation of the fuel pﬁmp by relating to mediating the controlled
variables of the injector to stop the operation of the injector.
8. The electronic control unit according to any one of claims 6 and 7 wherein .
the injector injects fuél directly into a combustion chamber in a cylinder of the
interhal combustion engine and the fuel pump is a high-pressuré pump that supplies the
injector with fuel with Aa higher pressure than a pfedetermined level, and | |
- when mediating the controlled variables of the injector to operate the injector in a

compression stroke of the cylinder of the internal combustion engine, the injection
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functlon mediation portlon mediates the controlled var1ables of the hlgh-pressure pump to
increase a pressure of fuel with the hlgh—pressure pump by relating to mediating the
controlled variables of the injector to operate the 1nJector in the compression stroke of the

, cyllnder of the internal combustion engine.

9. The electronic_ control unit'accor‘ding to any one of claims 1 to 8 wherein

the plurality of the actuators includes an igniter that adjusts the ignition timing of
the internal combustion englne and

"the controlled var1able medla‘uon level includes an 1gn1t10n timing med1at1on
portlon that mediates the ignition timing to be adjusted by the igniter and an 1gn1t10n cut
mediating portion that mediates the controlled variables to stop ignition by the igniter

separately from the ignition timing mediation porﬁon.

10. The eléctronic'cont_rol unit according to any one of claims 1 to 9.wherein

the plurality of the actuators includes an injector that injects fuel into the internal
combustion enginé, and -

the controlled Variahle mediation level includes an injector control mediation
portién'that mediates the controlled \fariablés of the ihjector and an injection cut
mediaﬁon portioh that mediates the controlled variables to siop the operation hf the

injector separately from the injector control mediation portion.

~ 11. A control method of internal combustion englne

the control method for ach1ev1ng demands concerning various kinds of functions of
the internal combustion engine by coordmatlve control of a plurahty of actuators
concerning an operatlon of the internal combustlon engine by an electronic control unit,
the control method,comprlsmg. |

1) generating and outputting a demand values concerning -the functions of the

internal combustion engine on demand generation level;
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2) of the demand values, aggregatmg and mediating the demand values expressed
with predetermmed physical quantities on physmal quantity medxatlon level;
3) setting controlled variables of the actuatofs based on the mediated demand values
ony controlled variable setting level, and |

4) of the demand values output from the demand generation level, aggregating and

-mediating demand values expressed with the controlled variables of the actuators for each

 of the controlled variables on the controlled variable mediation level, wherein of the

demand values output from the demand generation level, demand values expressed with
the controlled variables of the actuators 'are transmitted to the controlled variable
mediation level not through the physical Quantity mediation level;:

- wherein the demand values output from the demand generation level are transmitted

!
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 1-11(partially)

The subject matter of claim 1 is unclear (Article 6 PCT) to the extent
that it is impossible to determine exactly which subject matter is
important for the invention. The reasoning for this is given below.
Defining the different levels as being "below" is not clear. This
obviously refers to some hierarchical ordering, but in what sense? Is
this time dependent, or the order in which the different levels operate?
What determines at which level values are processed? What makes this
choice, and on which criteria is it based?

The subject matter of claim 1
defines the feature "the demand values expressed with the controlled
variables of the actuators of the demand values output from the demand
generation level". However, the generation lTevel outputs demand values,
not controlled variables of the actuators. What exactly is meant by this
term? Where are these values defined previously in the claim?

The

subject matter of claim 1 also defines the feature "demand values
expressed with the controlled variables of the actuators set on the
controlled variable setting level". The controlled variable setting Tevel
outputs controlled variables, not demand values. What exactly is meant by
this term? Where are these values defined previously defined in claim 1?
The subject matter of claim 1 also defines the feature "the demand values
expressed with the controlled variables of the actuators of the demand
values that are transmitted to the controlled variable mediation level
not through the physical quantity mediation Tevel". Which demand values
are being referred to? Where are they from?

Unfortunately, the nature of

the application is such that it is difficult, if not impossible, to
determine exactly which subject matter is important for the invention.
However, as far as can be interpreted form the claims and from the
description, the gist of the invention appears to concern a hierarchical
ordering of signal processing, and it is this subject matter which has
been searched, and for which an opinion to patentability is given.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.




International application No.
INTERNATIONAL SEARCH REPORT PCT/1B2014/000310
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. IXI Claims Nos.: 1'11(partia]].V)

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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