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(57) Abstract: An electronic control unit for an internal combustion engine configured to achieve demands concerning various kinds
of functions of an internal combustion engine by coordinative control of a plurality of actuators concerning an operation of the in -
ternal combustion engine. The electronic control unit of the internal combustion engine is provided with a demand generation r
level, a physical quantity mediation level, a controlled variable setting level, and a controlled variable mediation level. The con-
trolled variable mediation level is provided just below the controlled variable setting level and includes a fundamental injection con -
trol mediation portion which mediates demand variables transmitted from the demand generation level not through the physical
quantity mediation level and mediates controlled variables of the injections during a driving of the engine and a startup injection
control mediation portion which mediates an, injection controlled variable upon startup.
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CONTROL OF AN INTERNAL COMBUSTION ENGINE

 BACKGROUND OF THE INVENTION

1. 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 exampi‘e, Japanese Patent Application Public_atidn,
No. 2009-47101 (JP 2009-47101 A) énd Japanese Patent Application Publication No.
2009-47102 (JP 20‘09-47102 A), there have been known electronic control units for the
internal combustion engine including a hierarchical control structure in which a signal is
transmitted in a single direction from a higher’levc;,l to a lower“level. In the examples
described in the afo}ementioned respective literétures, a demand value is generated by
expressing fundamental three functions in the intefnal combustion engine for a vehicle
with three kinds of physical quantities on the highest demand generation level. The
fund‘amentabl three functions of 'fhe 'internél combustion engine for a vehicle are
drivability, exhaust gas and fuel consumption. The three kinds of physical quantities are
forque, efficiency and air-fuel ratio. | | |

[0003] A signal of a demand value génerated on the highest démand generation
level is transmitted to a lower physical quantity mediation level. On the physical
quantity mediation level, the trans'mittéd demand values are aggregated to each of torque,
efficiency and air-fuel ratio and mediated to each demand Value; according to a
predetermined }’ule. The ‘demand value signal of each of the torque, efficiency and
air-fuel ratio mediated in the above way is transmitted to a lower controlled variable

setting level. On the controlled variable setting level, each demand value is adjusted

CONFIRMATION COPY
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based on a relationship between respective derﬁand values and then, a controlled variable

of each actuator is set up. |
[0004] In this way, ‘the demand for the internal combustion engine can be
expressed with a combihation of three kinds of physical quantities of torque, efficiency
and aif—fuel ratio, and mediated. By mediating the demand for the internal combustion
“engine as described above, an bperation of the entire internal combustion engine which
shduld be achieved by controlling the internal combustion engine is determined
re;gardless of the characteristic and kind of an actuator, so.that a prefe;able control wﬁich
| satisﬁes the fundamental demands about drivability, exhaust_ gas and fuel consumption of

the internal combustion engine at an excellent balance can be achieved.

SUMMARY OF THE INVENTION
[0005] A cylinder ignition type internal sombustion engine in which fuelv is

injected directly into a cylinder of the internal combustion engine ensures a high freedom

“in injection c‘ontrol. ~ Thus, there is a demand for changing injection timing or injection

frequency appropriately to form an excellent fuel-air mixture in the internal combustion

engine cylinder by making the best use of the freedom in injection control of the cylinder
injection type internal combustion engine.’ The controlled variable which expresses a
demand for changing injection timing or injection frequency is directly related to an

operation of a fuel injection valve. Converting just the operation of the fuel injection
valve to physical quantities such as torque, efficiency temporarﬂy, mediating those values

and recalcule{tiﬁg the controlled variable is a . waste arithmetic operation thereby

generating an excess a‘rithmetic operation load. |

[0006] | ‘Usually, during a driving .of the internal combustion engine, a real intake

air amount is calculated according to a signal from a sensor and then, the amount of air to

be charged into the cylinder s calculated using the calculated intake air amount so as to

determine a fuel injéction arhou_nt s0 that a predetermined target air-fuel ratio is achieved.

Because the amount of air charged into the cylinder of the interhal combustion engine

cannot be calculated precisely upon startup of the internal combustion engine, a fuel
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injection amount upon startup of the internal combustion engine is set to an appropriate
wvalue. - That is, calculation for injection control upon startup of the internal combustion
engine is diffefent from calculation for injection control during a driving of the internal
combustion engine. |

[0007] With fespect to fuel injection control during the driving of the internal
combustion engine as- well as fuel injection control upon' startup of the intemal‘
combustion engine which is different from during the driving of the internal combustion
engine, there are various different kinds of denﬁands depending on the state of the internal
combustion engine. Therefore, the'vir'ljection timing and injection frequency of the
internai combustion enginé or an injectién amount of each injection of the internal
combustion engine cannot be determined uniformly, and ’the injectioh timing and
vinjvection frequenéy of the internal combustioh engine and a‘ demand for an injection
amount must be mediated. | |

[0008] | In views of the above-described problefns, an .object of the present
invéntion is to i)rovide an electronic éontrol unit with a hierarchical structure which
satisfies fundamental demands for the internal combustion engine through physical
quantity mediation at an excellent baiance by mediating various kinds of demands
concerning injection control without increasing arithmetic opcraﬁon load for the control,
in which a preferable injection control suitable for a state of the internal combustion
engine including upon startup is achieve. |

[0009] To achieve the above-described object, the presént invention provides an
electronic control unit Which includes a controlled_ variable mediation level to which a
demand value concerning fuel injection control is fransmitted not through 'phyrsical
quantity mediation level, the controlled variable mediation level being configured that the
demand Valués of the internal combustion engine, that is, the controlled variables of the-
injection are sorted to during a driving of the internal combustion engine and upon startup
-thereof and that the sorted 'demand values, that is, the coﬁtrolled variables of the injection

are mediated.
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[0010] ..More specifically, a first aépecf of the present invention provides an
electronic control unit for an internal combustion engine, the electronic control unit being
configured to achieve Lde‘mands coﬁceming various kinds of functions of the internal
- combustion engine by coordinative control of a plurality of actuators concerning an ‘
operation of ‘the internal combustion engine. The electronic control unit includes a
demand generation level, a physical quantity mediation level that is provided just below
the demand generatidn level, a controlled variable setting level that is provided just belbw
the physical quantity mediation level, and a controlled variable mediation level that is
provided just below the controlled variable setting level. The demand generation level
generates and outputs a request value cohcerning the function Qf the internal combustion
engine. The physical quantity mediation level aggregates and mediates demand values
expressed with predetermined physical quantities of the demand values. The controlled
» variable setting level sets controlled variables of the actuators based on the mediated
demand values. Th; controlled variable mediation level is provided just below the
controlled Variablé setting level. The demanci values expressed with the controlled
_ variables of the actuators of fhe demand values output from the demand generation level
are transmitted to the controlled f/ariable, mediation level not through the physical
quantity mediation level. The controlled variable mediation level aggregates and
mediates demand values expressed with coﬁtroiled Variables of the actuators set on the
controlled variable settihg level and the dé’rnand values expressed with the controlled .
variables of thé actuators of the demand values which are transmitted to the controlled
”va.riable mediation level not through the physical quantity mediation level for each of the
controlled variables. The electronic control unit includes a hierarchical control
structure. In the hierarchicél control structure, the demand values output from the '
demand generatioh level are transmifted in a single direction from a higher level to a
lower level in order of thq demaﬁd generation level, the physical quantity mediation level
“and the controlled bvariable setting level. The controlled variable mediation level
includés a fundamental injection control mediation portion and a startﬁp ,injection control

mediation portion. The fundamental injection control. mediation portion mediates
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controlled varia_bles\vof injectioné concerning an 0pération of at least one of fuel injection -
valves which is one of the actuators during a driving of the internal combﬁstion engine.
The startup injection control mediation portion mediates the cdntrolled variables of the
injections upon stal;tup of the internal combustion engine.

[0011] Inthe electronic control unit of internal combustion engine conﬁgured in
the abdve-deséﬁbed structure, a dgmands concerning various kinds of functions of the
internal éombustion engine are expressed‘with a predétermi_ned physical quantities (e.g.,
t’drque, efficiency, air-fuel ratio) and mediated. A controlled variable of each actuator‘\is
set based on this mediated demand value. As a result, 2 plurality of actuators is
controlled .covordinatively. so that fundamental functionk demands of the internal
combustion engine (e.g., drivability, exhaust. gas, fuel consumption) are satisfied at an
excellent balance. | |

[0012] At that tirﬁe, a demands concerning an operation of at least one of the -
fuel injection valves may be expressed With a predetermined controlled variables of the‘
injections such as injection amount, injectidn tirﬁing, and injection frequency. - The
demand values expressed with the controlled variables of the injection are transmitted
from the demand generation level to a lower controlléd variable mediation level located °
not through the physical quantity mediation level and the controlled variable setﬁng level.
Then, the demand value expressed with a transmitted controlled variable of injection is
mediated a‘lnd‘reﬂected on a controlled variable for the actuators (throttle valve, igniter as
well as fuel injection Valve);

[0013]  That is, the demand concerning the operation of the fuel injection valve
'is mediated as a controlled Variable of the injection not through the physical quantity
mediation and reflected on control of the intémal combustion engine. That is, no waste |
arithmetic operation load such as convertihg the demand concerning the operation of the
fuél injection valve to a physical quantity such as tbrque_ temporarily occurs. In addition,‘
even .if the demand about the injection control changes with a change of the specification
of the fuel injection valve, for example, control processing of the physical ‘quantity

~mediation level and the controlled variable setting level dbes not have to be changed.
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As a result, there is sﬁéh a merit thatv portions which should be changed in the control
program are a few thereby cdntributing to reduction in development man-hours.

[0014] In addition, according to the first aspect of the present invention, the
controlle_d'variable mediation level is provided with the fundamentali injection control
mediation portion which mediates the controlled variables of the injections. during a
driving' of the internal combusti.on engine and the startup .injection control mediation
portion which mediates the controlled variables of thé injections upon startup. Thus, the
injection. control demand "which is dispatched depending on a state of thel internal
‘combustion engine during a driving of the internal combustiofl engine or upon startup
thereof can Be mediated prefefably with each different logic. In addition, arithmetic
operation load can be réduced compared with a configuration in which the two mediation ,
portions are integrated. | |

[0015]' - Asa bdemand'(signal) which is transmitted from the demand generation
level to the controlled variable mediation level not through the physical quantity
mediation level as well as the controlled variable of the injection; demands wi‘gh a priority
under a specific condition can be mentioned. The demand with a priority under a
specific condition refers to a demand with urgency such as fail safe, retardation control of
ignition timing for quick wérm-up of catalyst, for exarﬁple, The demand value with a
priority under a specific cdndition is not mediated by replacing with a physical quantity
temporarily but expressed with a controlled variable of -the actuator and transmitted
directly to the controlled variable mediation level, thereby acceleratin‘g the processing.
| J0016] . If the fuel injection valve is a fuel injection valve which injects fuel.
directly into a cylinder of the internal combustion engine, a parameter related to fuel
injection amount in the compression stroke of the cylinder by means of the fuel injection
valve can be mentioned as thé controlled variable of the injection. If the fuel injection
-amount in the compression stroke increases exceésively, deflection in éoncentration of
fuel-air mixture increases so that the combustion state may Worsen. Thus, as an
_eXample, in the fundamental injection control mediation portion, the upper limit value of

the fuel injection amount in the compression stroke may be mediated.
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[0017]  If the first fuel injeétion valve arranged to inject fuel directly into the -
cylinder of the internal combustion engine and the second fuel injection valve arranged t§ '
inject fuel into the intake port of each cylinder are provided, as the controlled variable of
the injection, the fundamental injection control mediation portion may at least médiate a
frequency of fuel injections to be performed by ‘the ﬁrstfuel injection valve and the
second fuel injection valve and ratio in the fuel injection amount among respective
injection times. |

[0018] The reason is as follows. Fuel injected into the intake pbrt-is mixed
with air preliminarily and sucked into the cylinder. On the other hand, fuel mist injected
_directly into the cylinder of the engine diffuses to form a fuel-air mixture with a high ,
concentration. Thus, the frequency of fuel injectibns of the first and second fuel
injection valves and the rati6 in fuel injection amount thereby affect a distribution of
fuel-air mixture formed within the cylindef and combustibility thereof largely.

[0019] | Any structure in which a fuel injecti.on valve is provided in each cylinder
of the internal combustién engine may be adopted as long as it mediates the frequency of
fuel injections and the ratio in fuel injection amount among respecﬁve injection times as
an injection controlled variablé. "A configuration including the first and second fuel
injection valves may be also adopted as de_sbribed above. Further, regardless of the
number of the fuel injection valves, the frequency ofl fuel injections in a single
combustion cycle may be once or plural times. ~ Thus, even if the spe‘éiﬁcatioﬁ of the
fuel injection valve or the demand for the injection control changes, portions which
should be changed in the control program are a few thereby contributing to reduction in
the development man-hour. |

[0020] Here, the demands expressed with the controlled Variable_ of the injyection
may be distinguished between demand with a high priority and demand with a low.
priority preliminarily. After the controlled variable of the injection conceming the
demand with a low priority is mediated, the fundamental injection control mediation
porﬁon may mediate the mediated injection controlled variable together with the

- controlled variable of the injection concerning the demand with a high priority.
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- [0021]  Although a totai fuel injection amount by tﬁe first fuel injection V‘aﬂvé
and the second fuel injection valve rﬂay be chanéed, from viewpoint of combustibility of
fuel-air mixture, as an example, the demand value (injection controlled Variable)_
concerning fuel injection control cfin be sorted to a demand in which the frequency of
injections in each fuel injection valve (first kind of demand) and a -demand in which both
the total injection amouﬁt- énd the frequ_ency of injections are éhanged (second kind o>f
demand). ' _ | ‘ \

' [0022] In this éase, the second kind of demand affects combustibility of fuel-air -
mixture more largely than the first kind of demand. From vi\ewpoint of influence on
cdmbustibility,‘ it can be considered that the second kind of demand is a demand with a
Ihigher priority and the first kind of demand is a demand with a lower pfiority. _
| [0023] - After the controlled variable of injection concerning the first kind of
demand which éffectscdmbustibility less is mediated, the fundamental injection control
mediation portion may'mediate this controlléd variable of the injection together with
the controlled variable of the injection concerning the second kind of demand.  As a
result, the first kind of demand and the .second kind of , demand which affect
combustibility of fuel-air mixture differently can be distinguished so that they can be
méd__iatéd preferably with a different logic. |

[0024] In éome case, such a plurality .of the demands may be distinguished and
mediated in each different way and in some case, the plurality of the demands may be
mediated 'integfally. ‘That is, the distribution and combustibility of fuel-air mixture
formed in the combustion chamber of the cylinder affect not only the fuel injection
amount of the ﬁfst-and second fuel injection‘ valves and the freqﬁency of fuel injections
(injection controlled variables) but also t‘he injeciion pressure of fuel largely, as described
above. Thus, when mediating fhe controlled variables of the injection, by correlating
with the fuel injection pressure, it is preferabie to mediate the pump controlled variable
-concerning the operatiOn' of the fuel pump as well as the fuel injection controlled

variable.
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[0025) Duﬁng a stop of the internal combustion engine, it is desirable to stop
not only the fuel injection by the fuel injection valve bﬁt also the fuel pump. As an
example, the controlled variable mediation level may be provided with the control
mediation portion which mediates the pump controlled variable concerning the operation
of the fuel pump by correlating with mediating the controlled variable of tne injecetion in
the fundamental injéctiqn control mediation portion and the startup injection control
mediation_ portion. | , | ‘

[0026] More specifically, when mediating the controlled variable of the
injection td stop the operation of the -fuel injection valve by means of the fundamental
’ injecﬁori control mediation portion, the puinp control mediation portion may mediate the
~ pump discharge'amount which is a pump controlled variable to stop the operation of the
fuel pump by correlating with stopping the operation of the fuel injection valve. Asa
result, when automatically stobping the operation of thé_intemal combustion engine with
a stop of a>Véhicle, for example, the opera_tibn of tﬁe fuel pump can be stopped at the
same time when the fuel injection is-stqppéd.' Consequently, driving loss of the pump
. can Be reduced thefeby improving fuel consumption perforrriance.
} [0027] In this case,‘ it is peﬁnissible to provide a discharge a_mount‘lim_iting
portion which sets a lower limit value of the‘pump discharge amount mediated by the |
pump c_oritrol mediation portion. As a result, even if fhe» pump 'controllgd variable i§
" mediated to stdp .the operation of the fuel pump és describéd above when stopping the
fuel injection, the fuel pﬁmp can be started as required. For example, when preparing
for a_.nexf ‘s/tartup control during a stop of the internal combustion engine, the fuel pump
has to be started. |

[0028] | Further, if the fuel injection valve is arranged to injecf fuel directly into
~ the cylinder of the internal combustion engine and the fuel pump is a high—bressure pump
capable of supplying fuel with a higher pressure than a predetermined level to the fuel
injection valve, when mediating the controlled variable of the injection to activate the
fuel injection valve in the éompressi_on stroke of the cylinder of the iﬁtemal combustion

engine by means of the fundamental injection control mediation portion, the pump
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control r.n'ediation‘ portion may mediate a target pump fuei pressure which is the pump
controlled variable to raise fuel injection pressure by the operation of the high-pressure
pump by correlating with mediation of the controlled variable of the injection to activate
the fuel injection valve. |

 [0029]°  As a result, when fuel is injected in the compression stroke in which the
pressure in the cylinder of the intemél combustion engine is raised, the fuel injection
pressure can bé increased by means of the higthressure pump to achieve fbrmation of
eXcellent fuel-air mixtﬁre. 'On the other hand, if no fuel is injected in the compression . |
stroke, fhe fuel iﬁjectioﬁ pressure is reduced relatively thereby reduéing driving loss of
the pump. | _

[0'030] .In this case, it is permissiblé to provide a target fuel pressure limiting |
portion which sets at least one of the uppér limit vél.ue and the lower limit value of the
target pump fuel pressure mediated by the pump control mediation portion. As a result,
even if the pump controlled variable is mediatéd to activate the high-pressufe punip as
described above by correlating with the.. fuel inje’ction in the compression stroke, the fuel
pressure can be reduced td protect the fuel injection valve, for example. To the contrary,
even if the pump controlled variable is mediated to stop the high-pressure pump by
correlating with thé injection control, only the high-pressure pump can be actiVated as
required. | |

[0031]  According to the present invention, by expressing the fundamental
function demands of the internal combustion enginé with physical quantities about
drivability, exhaust gas and fuel consumption and mediating the demands on the physical
quantity mediation level, a preferable control in which the fundamental demands of the-
internal combustion engine are satisfied at an excellent balance can be achie\v/ed.
Further, by mediating the demands concerning the fuel injection valves as the controlled
variable or the injection not through the physical’ quéntity mediation, the mediated
demands can be reflected on control of the internal combustion engine preferably without

_increasing the arithmetic operation load excessively.
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[0032] Still further, separately from the fundamental injection control mediation
portion which mediates the controlled Varlables of the injection during an operation of the
internal combustion engine, the startup ‘injection control mediation portion which
- mediates the controlled variable of the injectioh upon startup of the engine is provided.
Thus, injection control demands which differ between during a driving and upon startup
of the internal combustion engine due to a dlfferent logic can be mediated preferably
Further, by separating the mediation portion depending on during a driving of the internal
combustion engine and upoh startup thereof, both the mediation portions can reduce the

- arithmetic operation load therefor. .

BRIEF DESCRIPTION OF THE DRAWINGS

'[0033] Features, advantages, and technical and industrial signiﬁcancc of
ex_emplary émbodiments of ‘the invention will be described below with reference to the
éccompanying drawings, in which like numerals denote like elements; | and wherein:

FIG. 1 is a conﬁguration diagram showing an example of an internal combustion
engine according to an embodiment of the present invention; |

FIG. 2 is a configuration diagram showing an éxample of an electronic .control~unit
(ECU) according to the embodiment; |

FIG. 3 is a block diagfam showing a hierarchical structure of an électronic control
unit according to tﬁe embodiment;

FIG. 4-is a block diagram showing mediation of an injection controlled variable in
an injection function mediation portion; |

FIG. 5 is a block diagram showing an example of the configuration of an injector
driving control‘portion;-and. |

FIG. 6 is a diagram equivalent to FIG. 4 concerning mediation of a pump controlled

variable in the injection function mediation portion.

DETAILED DESCRIPTION OF EMBODIMENTS
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[0034]  Hereinafter, embodiments of the present invention will be described with
reference to the accompanying drawings. The embodiments Will be deseriberi. about
‘cases in which the electronic ¢ontrol unit of the present invention has been applied to an
internal combustion engine (hereinafter referred to as engine) loaded on a vehicle,
‘particularly to cases in which it is applied to a spark ignition type engine. |

[0035] Hereinafter, referring to FIG. 1, .an'exarnple 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 is
an in-lirre four—cylinder engine, for example. A piston 3 is accomrﬁodated in the .
cylinder 2 form_ed in a cylinder block la such that it reciprocates in a vertical directienin
FIG. 1.- A cylinder head 1b is mounted on the top of the cylinder block ‘la. A
cembustion chamber is produced between a bottom surface of the cylinder head 1b and
the top surface of the piston 3.

[0036] A piston 3 is connected to a crank shaft 5 via a coﬁnecting rod 4. The
crank shaft 5 is accommodated irl a crank case of a bottom portion of the cylinder block
la. A rotor 301t1 ‘is attached to the crank shaft 5. A crank position sensor 301 is
dispos_ed near the side of the rotor 30la. The crank position sensor 301 is an
electromagnet.ic pickup, for example. When threads on the outer periphery of the rotor
301a pass, the crank position sensor 301 outputs a pulse signal. The engine speed is
calculated from this éignal. |

[0037]  Further, a water jacket is formed to surroun(i the cylinder 2 on the side
wall of the cyl'inder block 1a. A water temperature sensor 303 is disposed in the water
jacket to detect a temperature of engine cooling water. w. The bottom portion of the
cylinder block 1a is expanded downward of the erigine to form an upper helf of the crank
case. An oil pan Ic is attached to the bottom of the cylinder block 1a to form a lower
half of lthe crank case. Lubricant (engine oil) to be supplied to each part of the engine is
stored in the oil pan lc. |

[0038] On the other hand, an ignition plug 6 is disposed on the cylinder head 1b

such that it faces the combustion chamber in the cylinder 2 of the engine 1. The ignition
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plug 6 is supplied with a high voltage power ‘from an igniter 7. ‘A A tirhing for supplying
high voltage ﬁ)ower to the ignition plug 6, namely, an ignition timing of the engine 1 is
adjusted by the igniter 7. That is, the igniter 7 is an actuator which is capable of
adjusting the ignition tifning of the engine 1 and controlled by an electrohic control unit
, (EkCU) 500 described below.

[0039] An intake air port 11a and an exhéus’; air port 12a are formed in the
cylinder head 1b such that they are open to the combustion chamber in the cylinder 2 of
- the engine 1.  An intake manifold 11b corhmunicat-_es with the intake air pdrt_ 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 marﬁfold 12b forms an upstream side of exhaust gas flow through an
| exhaust air passage 12. |

[0040] An air flow meter 304 (see FIG. 2) for detecting an aﬁounf of intake air
is disposed near an air cleaner (not shown) on the upstream side of the intake air passage
11. A throttle valve 8 for adjusting the amount of intake air is diéposed on the
downstream side, thereof. An intake air temperature sensor 307 (see FIG. 2) for
detééting the temperature of ai; (intake air temperature) before suckcd by thé engine 1 is
" also disposed in the intake air passagé 11 (intake air manifold 115).

- [0041) In this example, the throttle valve 8 is disconnected mechanically frdm
an accelerator pedal (not shown) and driven by an electric throttle motor 8a. The
opening amount of the throttle val.ve 8 is adjusted b;/ the electric throttle motor 8a. - A
signal from the throttle opening sensor 305 which detects anvopening 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 is an actuator which adjusts
the amount of intake air of the engine 1 (concerning an operation of the internal
- combustion engine). | |
(0042]  The opening of the intake air port 11a which faces the combustion

chamber is.opened/closed by the intake valve 13. That is, the intake air passage 11 and
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the cofnbustion chamber are connected or disconnected by the intake valve 13.
Likewise, the opening of the exhaust air port 12a is opened/closed By the exhaust air
valve 14. That is, the exhaﬁst air passage 12 and the combustion chamber are connected
or disconnected By the exhaust valve 14. The opening/élosing drive of the intake valve
13 and the exhaust valve 14 is carried out by an intake. camshaft 15 and an exhaust
camshaft 16 respectively. A rotation of the crank shaft is transmitted to the intake
camshaft 15 and the exhaust camshaft 16 via a timing chain or the like.

[0043] In thisl éxample, a cam poéition sensor 302 is provided near the intake
camshaft 15. When the piston 3 of a specific cylinder 2 reaches its compreésion top
dead center, the cam positi‘on seﬁsor 302 \generates a pulse signal. The cam posiﬁon
sensor 302 is cohstituted of an -electromagnetic pickup, fory. exafnple. -Like the
a_forementidnéd crank position sensor 301,‘ the cém positioﬂn‘ sensor 302 outputs a pulse
'signal with a rotation of a rotor provided on the intake air camshaft 15.

[0044] - As an example, a catalyst 17 composed of three-way ;:atalyst is disposed
in the downstream of the exhaust air manifold 12b in thé exhaust air passage 12. This
catalyst 17 oxidizes CO, HC in exhaust gas which is‘cii§charged fromb the combustion
chamber in the cyliflder 2 into the exhaust air passage 12.and reduces NOx to produce
harmless CO», HZO, N, theréby purifying exhaust gas.

[0045]  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. An O, sensor 310 is disposed in the exhaust air passage 12 on the
downstream side of the catalyst 17. |

- [0046]  Next, a fuel injection system of the engine 1 -will be described.

[()047‘] A cylinder injection injector 21(first fuel injection valve) which injects
fuel directly into each combustion chamber is disposed in each cylinder 2 of the engine 1.
The cylinder injection injector 21 of each of four cylihde’rs 2 is connected to a common
high-pressure fuel delivery pipe 20. An intake port injection injectof 22 (second fuel
injection valve) whiéh ihjects fuel into ealchvintake air port 11a is disposed in the intake

air passage 11 of thé engine 1. The intake port injection injector 22 is also provided on
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each of fhe four cylinders 2 and connected to a common low-pressure fuel delivery ‘pi‘pe
” . , .
[0048] A low-pressure pump 24 which is a fuel pump supplies fuel to the
low-pressure fuel delivefy pipe 23. A high-pressure pump 25 Which is a fuel pump
sﬁpplies fuel to the high-pressure fuel delivery pipé 20. Hereinafter, the low—pressufé
pump is aiso referred to as a fuel puﬁp 24 and the high—pr¢s§ure, pump is also referred to
as a fuel pump 25. Fuel in a fuel tank 26 is-pumped by the low-pressure pump 24 and -
that fuel is supplied'to. the low-pressure fuel délivery pipe 23 and the high-pressure pump
25. Low-pressure fuel is pressurized up to a higher pressﬁre than a predeterfniﬁed level
by the high-pressure pump 25 and the pressurized fuel is suppiied to the high-pressure
- fuel delivery pipe 20. | | ‘ |
[0049] A high-pressure fuel pressure schsor 311 (see FIG. 2) for detecting a
pressure (fuci pressure) of high-pressure fuel supplied to the cylinder injection injector 21
is_(Aiisposedbv in the high-pressure fuel delivefy pipe 20. A low-pressure fuel pressure
sensor 312 (see FIG. 2) for detecting a préssure (fuel pressure) of IOW-pr_essure fuel
supplied, fo the intéké port injection injector 22 is disposed in the low-pressure fuel
delivery pipe 23. ‘ |
[0050] - Both thei cylinder injection injector 21 and the intake port ihjection
injector 22 are electromagneﬁcally-drivcn actuators. When a predetern%inedvoltage is
- applied, this electromagnétidally-driven \ 'aqtuator “is opened to inject fuel. The
high-pressure pump 25. and the low-pressure pump 24 are actuators for supplying fuel to
the injéctors 21, 22. The operations of the injéctors 21, 22 are controlled by the ECU
500 described below. .The opefatidns of the injectors 21, 22‘include a fﬁel injection
frequency (injection mode), a timing for injection start in each fﬁel injection session, an -
injection amount .of each fuel injection session, a discharge mount of each of the fuel
pumps 24, 25, a discharge pressure (target fuel pressure) of each of the fuel pumps 24,
25, | | |
. [0051] Then, fuel is injected from any one or both of the cylinder inject‘ion

injector 21 and the intake port injection injector 22 so that fuel-air mixture of air and fuel
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gas is formed within the combustion chamber of the cylinder 2. The formed fuel-air
mixture is ignited by the ignition plug 6 so that it burns and explodes'. The piston 3 is
pressed down by high-terhperature,‘high-pressure combustion gas produced at this time to
rotate the cfank shaft 5. With opening of the éxhaust air valve 14, the combustion‘gas is
discharged info the exhaust air passage 12 as exhaust gas.

[0052] As shown schematically in FIG. 2, the ECU 500 includes a central
processing unit (CPU) 501, a read-only fnerriory (ROM) 502, a random access memory
(RAM) 503 and a backup RAM 504. |

[0053]  Various kinds of control programs ‘and maps to be referred in executmg
those various kmds of control programs are stored in the ROM 502. The CPU 501 '
executes various kinds of arlth‘meth processmg based on the various kinds of control-
programs aﬁd maps stored in the ROM 502. The RAM 503 is a memory which storas
an anthmetlc result in the CPU 501 and data 1nput from each sensor temporarlly The
backup RAM 504 1s a nonvolatile memory Wthh stores data Wthh should be stored
when the engine 1 is stopped, for example. | |

[0054]  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 connected to an input interface 505 and
an output interface 506. | |

[0055] Various sensors are connected to the iriput. interface 505.. The various
SENsors include}y a crank position sensor 301, a éam position seﬁsor 302, a water
temperature sensor 303, an air flow meter 304, a throttlé opening sensor 305, an
accelerator opening sensor 306, an intake air temperature sensof 307, an exhaust air
temperature sensor 308, an air-fuel ratio sensor 309, an O, sensar 310, a high-pressure
fuel pressure senéor 311 and a low-pressure fuel prassure sensor 312.

| [0056] An ignitioh 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 motor (niot
shown) is started. On the other hand, the ignitér 7 of fhe ignitioh plug 6, the throtﬂe

‘motor 8a of the throttle valve 8, the cylinder injection injector 21, the intake port
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injection injector 22, the low-pressure pump 24, and the high-pressure pump 25 are
connected to the output interface 506.

[0057] © Then, the ECU 500 executes various controls of the _éngine 1 based on
Signals from the aforementioned various sensors 301 to 312 and the switch 313. The
various controls of the engine 1 include énergization control of the ignition plug 6 by the
igniter 7, drive control of the throttle valve 8 (throttle motor 8a), and drive control of the
injéctors 21, 22 and the pumps 24, 25.

[0058] Asa re.sult,'the dperating state ofbthe engine 1 is preferably controlled so
that demands about fundamental functions including drivability, exhaust gas and fuel
Consumption are satisfied at an\ excellent balance. That is, the ECU 500 achieves
demands about various functions of the engine 1 by coordinative control of plural
actuators (igniter 7, throttle valve 8, injectors 21, 22, pumps 24, 25). An electronic
control unit for the internal c0mbustioh engine _aécording to an Aer'nbodiment of the
present invention is achieved by the control program whichi is to be executed by the ECU
500, |

[0059]  Next, the conﬁguration of the electronic control unit will be describéd 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 cc;ntrol unit has a hierar’chiqal control stfucture composed of five levels 510
to 550. The demand generation level 510 is provided oh Ithe highest level of the ﬁvé
ones. A physical quantity mediation level 520 and a controlled variable setting level
530 are provided below the demand generation level 510. A controlled variable
mediation level 540 is provided below the controlled variable setting level 530 and a
control output level 550 is provided on the lowest level of the five ones:

[0060] Signal flow is in a single direction between the aforementioned five
levels 510 to 550. A Signal is transmitted from the demand generation level 510 to the |
lower physical quantity.mediétion level 520, from the physical quantity mediation level
520 to the controlled variable setting levél 530, and further fro.m/the controlled vartable |

setting level 530 to the controlled variable mediation level 540. In addition, a common
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~signal distribution system is provided independently of the five levels 510 to 550 in
which the signal flow is in a single direction. Common signals are distributed in parallel
to each of the levels 510 to 550 by the common signal distribution system. |
Representation of the common signal distribution system is omitted here.

[0061] There is a following difference between a signal transmitted between the
levels 510 to 550 and a signal distributed through the common signal distribution system.
The signal transmitied between the five levels 510 to 550 is a signal of a demand about
the funetion of the engine 1 which is finally converted to a. controlled variable for the

“actuators 7, 8, eee. To the ‘contrary, the signal distributed by . the common signal
distribution system is a signal which contains information necessary for generating a
demand or calculating a controlled variable; o

[0062] - More specifically, ’the signals distributed through the common signal
distribution system inclnde information concerning the operating condition and the
operating state of the engine 1 (engine speed,i intake air amount, estimated torque, real

~ ignition ‘timing ai this time, cooling water temperature, operating mode). The
information sour‘ce thereof is from various sensors 301 to 312 provided in the engine 1
and estimation function inside the electronic control unit. If information concerning the
operating condition and the operating state of the engine 1 is distributed in parallel to the
respective levels 510 to 550, not only communication amount between the levels 510 to
550 can be reduced, but also simultaneity of information between the levels 510 to 550
can be held. The reason is that information concerning the operating condition and the
operating state of the engine 1 is common engine information used commonly by the -
respective levels 510 to 550. _

[0063]  Hereinafter, the configuration of the respecrive levels 510 to 4550 and
processing executed there will be described in. order from the highest level. A plurality
of demand output portions 511 to 519 are disposed on the demand generation level 510.
The demand output portions 511 to 519 are provided for each function of the engine 1.
The demand mentioned here refers to a déemand concerning the function of the engine 1

(or a performance required in the engine 1). Because the function of the engine 1
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diversifies, a content of the demand output portion disposed on the demand gener‘at‘ion
level 510 differs depending on what is demanded to the engine 1 or to what is given
priority to. |

| [0064] In the present emboditnent, the control must be performed : on the
premise of satisfying drivability, exhaust gas and fuel consumption at an excellent
balance in order to drive the engine 1 of a vehicle efficiently corresponding to a driver’s
driving operation and_ meet a demand for natural environment protection. Drivability,
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 exhaust gas, and the
demand output portion 513 correspo'n‘ding to the function concerning fuel consumption
are provided on the demand generation level 510. |

[0065]  According to the present embodiment, it is considered that respective
demands exist which occur depending any specific condition as well as the demands
'concerning the éforementioned three fundamental functions. The respective demands
~ which occur depending on any specific condition include fundamental demands for
injection function, for example, timing and frequency of injection operation of each of
the injectors 21, 22, reduction in fuel pressure prior to‘ fuel cut (F/C)‘,bqnick warm-up of
catalyst 17, startup in stratiﬁed combustion state, and cancelation of start and stop‘ (S&S)
which is no idling. As shown in FIG. 3, the demand'output portions 514 to 519
corresponding to each of the aforementioned demands are provided on the demand
generation level 510. These demand outputs portions 514 to 519 will be described in
detail. ,
[0066] The demand output portions 511 to 513 digitize and outputs drivability,

exhaust gas and fuel consumption which are demands concerning the fundamental
functions of the engine 1. By digitizing a demand concerning the function of the engine
1, the demand concerning the furiction of the engine 1 can be reflected on the controlled
variables of the actuators 7, 8, eee. The arithrnetic operation for determining the

controlled variables of the actuators 7, 8, eee will be described below. In the present
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em/bodiment, the demand concerning the fundamental function of the engine 1 is
expressed with a physical quantity conc’efﬁing an operation of the engine 1. |
| [0067] As the physical quantity concerning the operation of the engine 1, only
“three physical quantities, i.e., torque, efficiency and air-fuel ratio are used. The .output
of thé engine 1 is mainly torque, heat and exhaust gas (heat and ingredient). The output
of the engine 1 is related to the aforementiqned fundamental functions of the engine 1
such as drivébility, exhaust gas, and. fuel consumption. - Thus, the three physical
- quantities of torque, efficiency and air-fuel‘ratio must be determined to control the output
of the engine 1. That is, a demand concerning the fundarriental function of the engine 1
can be reflected on the output of the e_:ngine 1 by expressing the demand concerning the
ﬁmdamental functions of the engine 1 with three physical quantities and controlling the
operations of the actuators 7, 8, oQo, | |

[0068] In FIG. 3; as an example, the demand output ponion 511 outputs a

" demand concerning drivability (drivability demand).  The demand concefning

drivability is oufput as a demand value expressed with torque or efﬁcienéy.‘ For
example, if the demand is about acceleration of a. vehicle, that demand can be expressed
with torque. If the demand is about prevention of engine stéll, that demand can be
expressed with efficiency (raising efficiency).

[0069] The demand- output portion 512 outputs a demand'conceming exhaust
gas. The déménd concerﬂing exhaust gas is oﬁtput as a demand value expressed with
efficiency or air-fuel ratio. For example, if the demand is about warm-up »ot‘“ the catalyst
17, that demand can be expressed with efficiency (décreasing efficiency) and it may be

“expressed with air-fuel ratio also. Decreasing efﬁcieﬁcy raises exhaust gas temberature
and air-fuel ratio can form an eﬁvirohment in which the catalyst 17 reacts easily.

[0070] In ad‘dition, the demand output portion’ 513 outputs a demand concerning
fuel consumption. The demand concéming fuel consumption is output .as a demand
value expressed with efficiency or air-fuel ratio. For example, if fhé demand is -

_increasing combustion efficiency, that demand may- be expressed with efficiency
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(increasing efficiency). " If the demand is decreasing pumping loss, that demand may be
. expressed with air-fuel ratio (lean burn). |

[0071] in the meantime, the demand values output froth the demand output
portions 511 to 513 are not limited to one demand about each physical quantify. As an
example, the detﬁand 6utput portion 511 outputs not. only a torqﬁe 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 (TR(;), antilock brake system (ABS); and tfansmission. Th.‘e same thing
can be said -of efﬁciency. ' | |

[0072] Common engine information is distributed from the common signal
distribution systeI,n to the demand generation level 510. By referring to tlylev distributed
common engine inforrnatibn,. the respective demand output portidns 511to 513 vdetemvline
a demand value wﬁich should be output. The reason is that‘th'e content /'of’ the demand
changes depending o‘n the oi)erating condition or operating state of ﬂble engine 1. For
example if cataiyst temperature 1s measured by the exhaust air temperature sensorv 308,
the demaﬁd output portion 512 detenhiﬁes a necessity of warm-up of} t‘he‘ catalyst 17
based on the temperature information. Then, corresponding to ‘a result of the
aforementiohed‘determination-, the demand output portion 512 outputs a demand value
‘which is expressed with efficiency or air-fuel ratio. ,

[0073]  As described above, the demand output portions 511 to 513 on the
demand géﬁeratio_n level 510 output a plurality of demands which are expressed with
torque, efficiency or air-fuel ratio. However, it is impoésible 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. Likewise, even if plural efficiencies are
demanded, only one efficiency can be achie?ed and even if plural aif—fuel ratios are
demanded, only 6ne air—fuel ratio can be achieved. Thus, processing for mediating such

demands is necessary.
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[0074]  The physical quantity mediation level 520 mediates a demand value
oﬁtput from the dema_nd 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 classiﬁcaﬁon of the demands. The mediation portion 521 aggregates
demand values expressed with torque and mediates to a torqu_e ‘demand value. 'The
mediation .portioﬁ 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—fuei ratio and mediates to an air-fuel ratio demand value.

[0075]  These mediation portions 521 to 523 perform mediation according to a
predetermined rule. The rule mentioned here refers to a calculation rule for obtaining a
numerical Value from plurél nﬁrnerieal values, for. example, selection of a maximum

~value, selection of a minimum value, an average or superposition and those plural
calculation rules may be combined appropriately. However, which rule should be
adopted depends on a design of the electronic eonfrol unit and the present invention does
not restrict the content of the rule. |

4[0076] _ Additienally, the common engine information is distributed‘ from the
“common signal distribution system to the physical quantity mediation level 520, se that

~ the common(engine information can be used by the respective mediation portions 521 to
523. For example, although the mediation rule may be changed depending on the
| eperating condition or the operating state of the engine 1, as described below, the -
- mediation rule is never changed considering a torque range which the ehgine 1 can
achieve.r \
[(0077]  In the mediation portidns 521 to 523, no upper limit torque or lower limit
torque, which the engine 1 can achieve is considered in the mediation. - Further, a result
of mediation performed by one of the mediation portions 521 to 523 is not considered in
the mediation of other mediation poftions. That is, the respective mediation portions
521 to 523 perform mediation independently without considering the upper limit torque

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

[0078]  When the respective mediation pbrtions 521 to 523 perform mediation‘ as
described above, a torque demand value, an efficiency demand value and an air-fuel ratio o
demand value aré 6utput from the physical quantity mediation level 520. Then, on the
coﬁtrolled variable_:‘ setting level 530 which is a level just below the physical quantity
mediation level 520, controlled variables for the actuators 7, 8, eee are set based on the .
torque demand value, the efficiency demand Véllie and the a_ir-fuél ratio deinand value
mediated by thé physical quantity mediation level 520.

[0079]  According to the present invention, an adjustment converting pértion 531
is prO\;ided on each one of the controlled variable setting level 530. The adjustment
converting portion 531 adjusfs a magnitude of a torque demand value, an efficiency
demand value and an air-fuel ratio demand value mediated by the physical quantity
mediaﬁon level 520. Because‘the torque rémge which the engine 1 can achieve is not
considered in the mediation on the physical quantity mediati_on level 520 as described
abovg, there is a possibility that the engine 1 may not be driven properly depending on
the ‘magnitude of each demand value. Then, the adjustment converting portion 531
adjusts each demand’value based on a relationship between the respective demand values
in order to enable the engine 1 to be driven properly.

[0080] The torque demand Vaiue, the efﬁciency demand value and the air-fuel
ratio demand value are calculated independently on higher leveis than the éonfrolled
variable setting level 530, so that caiculated values are never used mutually of réferred to
each other between factors related to the calculation. That is, the torque demand value,
the efficiency démand value and the air-fuel ratio demand value are referred tc:) each other. -
for the first time on the controlled variable setting level 530. Because the adjustment
targets are lirhited to’-three, ie., bthé‘: torque demand value, the efficiency demand value, |
and the air-fuel ratio demand value, the arithmetic operation load required for the

adjustment may be small.
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[0081] How the aforementioned adjustment should be performed depends on the
\desig‘n of the el‘eétronic control unit and the content of the adj“ustment is not limited in the
present invention. However, if ‘there is an order of priority‘amonvg the torqﬁe demand
valué, the efficiency demand value and {he air-fuel ratio demand value, it is preferable to
adjust (correct) a demand value with a lower priority. For example, in case of a demand.
value with a high priority, that demand value is reflected on the controlled variables of
the actuators 7, 8, eee 3s it is as much as pbssible. In case of a demand Valu’e with a low
‘priority, that demand value is adjustéd and the adjusted demand value is reflected on the
conirolled variablés of the actuators 7, 8, eee_ |

[0082]  As a result, within a range in which the engine 1 is driven appropriately,
a demand with a high priorits; can be achieved Sufﬁciently while a demand with a low
' priority can be achieved to some ex’tent.‘ As an example, if the priority of the torque
demand Valﬁe is the higheét, the efficiency demand value and the air-fuel ratio demand
value afe corrected. When the 'efﬁciency demand value and the air-fuel ratio demand
value are corrected, of the efﬁcigncy demand value and the air-fuel ratio demand value,
fﬁe degree of correction of a démand with a lower priority is made larger. 'If the order of
the priority ‘changes deI;ending on the oper‘ati‘ngi condition of the engine 1 or the like, the
order of the priofity is determined based on the common engine information distributed-
from the common signal distribution system and theﬁ, whiéh démand valué should be
| corrected is determined. | |

[0083] | On the controlled variable setting lével 530, a new signal is generated
using a demand value input from the phyé.ical quantity mediation level 520‘and the
common engine information distributed from ‘the conimori signal distribution system.
For example, a ratio between the torciue demand value mediated by the mediation portion
521 and an estimation torque contained in the common engine information is calculated
vby a division portion (not shown). The estimation torque is a torque which is output
when the ignitioh timing is set to MBT with a currént intake air amount and a current
air-fuel ratio. The arithmetic operation for the estimation torque is performed in a

- different task of the electronic control unit. |
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[0084] If the priority of thé ‘torque demand value is the highest as déscribed
above although a detailed description is omitted, the torque demand value, a clo.rrected‘
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-vder'nana value,
the corrected efficiency demand value, the corrected air-fuel demand ratio Valué and the
torque efficiency, a throttle opening amount is calculated (converted) from the torque
demand value and the corrected efficiency demand value, and the calculated throttle
opening amoﬁnt is transmitted to the controlled variable mediation level 540.

[0085] More Speciﬁcally,' first, the torque demand value is divided by the
corrected efficiency déman}d value. Because the corrected efficiency demand value ié 1
or less, dividing the tdrque demand value by the corrected efficiency demand value raises
the torque demand value. The raised torque demand vélue is converted to an amount of
air and a throttle opening amount is 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 bfrom the amount of air aré carried out by reference to a .
predetermined map.

[0086] Further, the ignition timing is calculéted (converted) from mainly tor(iue
efficiency. When the ignition timing is calculated, the torque demand value and the
corrected air-fuel ratio demand value are used as a reference signail. 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 thé ignitiori ‘timing is.  As a result, the torque drops. The
aforemeriti_oned raising of the torque demand value is précessing for compensating for a-
reduction iﬁ the torque due to the retard of the ignition timing.

| [0087] According to the present iriventi(;n, both the torque demand value and
the efficiency demand value can be achieved by the retard of the ignition timing based on
the torque efficiency and the raising of the torqué demand value based on the efficiency
demand value. In the meantime, the torque demand value and the corrected air-fuel

ratio demand value are used to select a mapv for converting the torque efficiency to the
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retard amount of the‘ignition timing. " Then, a final ignition ﬁfning is calculated from the
retard amount of the ignition timing and the MBT (or basic ignition timing).

[0088] As a result of the above processing, the signals transmitted from the
controlled variable setting level 530 (adjustment converting portion 531y to the controlled
- variable mediation level 540 are a demand value of the throttle opening amount (a first
demand value corresponding to the torqué demand), a demémd value of the ign_itibn
fiming and a demand value.of the air-fuel ratio. These signals are input to mediation
porﬁons 541, 542, 543 of the controlled variable mediation level 540 émd then mediated
‘with other demand values transmitted directly from thé demand generation level 510 as
d_escribed in detail below. A detailed description of the controlled variable mediation
level 540 and the mediation portioné 541 to 543 will be described later.

(0089] : As shown in FIG. 3 for example, the coritroiled variable mediation'level
540 includes the miediation portions 541 to 543 (543a to 543i) for each (;ontrolled
variable of the actuators 7, 8, eee based on the classification of the‘ derﬁands. In the
example of FIG.. 3, the médiation portion 541 aggregatesb the demand values of the -
throttle openiﬁg afnount and mediates the aggregated throttle opening amount demand
values to a single demand value. The mediation portion 542 aggregates the demand
values of the ignition timing and mediates the aggregated ignition timing demand values
to a single demand value. | , |

- [0090] - Further, the mediation portion 543 mediates a plurality of controlled
Variablé'demand values concerning fuel ivﬁjection collectively. In the example of FIG. 3,
the mediatioh portion 543. is an injection function fnediation portion in which first to
seventh mediation portions -543a to 543g, an eighth mediation portioh 543h, and-a ninth
_mediat«ion portion 543i ‘are integrated. The first to severllth médiation portions 543a to
543g mediate seven injection__contfolled variables which indicate operations of the
injectors 21, 22.. The eighth fnediation portion 543h mediates a dischar'ge' émount'
‘(pump controlled variable) of the low-pressure pump 24. The ninth mediation portion
5431 mediate§ a discharge pressure of the high-pressure pump 25, that is, a target fuel

pressure (pump controlled variable).
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[0091] The injection function mediation portion 543 mediates the controlled
_ variables of the plural actuators including the injecfors 21, 22, the low-pressure pump 24,
and the high-pressure pump 25 integrally by correlating to each ‘other.. Thus, the
injection function mediation portion 543 is configured to achieve the functlons of the
nine vmediationportions 543a to 543i, for example, in tlle same processing step of the
control progfam. As a result, simultaneity of mediation of the controlled variables of
the injectors 21, 22 and fuel pumps 24, 25 can be secured.

[0092]) The respee.tive mediation portions 541 to 543 (543a to 543i) perform_
mediation according to a predetermined rule like the respective mediation portions 521 to
523 on the nhysical qhantity 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 meantime, the common engine information is distributed to the controlled variable
medlatiOn Jevel 540 also from the common signal distribution system, so that the
respective mediation portions 541 to 543 can use tlle common engine information.

[0093]) -~ As described abox‘/e, the respect_ive mediation portions 541 to 543 (543a
to 5431) mediate various demands and as a result, signals about the demand values of the
~controlled variables of the respectiveactuators 7,8, ooe are output from the controlled

variable mediation level 540. The demand values of the controlled variables, of the
respective actuators 7, 8, eee outptit from the controlled variable mediation level 540
include a throttle- opening amount demand value, an ignition timing’ demand value,
demand values of the seven injection controlled variables described below conceming '
operatlons of the injectors 21, 22, a demand value of a Vdischarge amount (pllmp
controlled variable) of the loW-pressure pump 24, and ‘a demand value of a high-pressure
‘pump target fuel pressure (pump controlled variable). The mediation to be performed
on the respective mediation portions 541 to 543 (543a to 5431) will be described below.
[0094] Controlled variables of lhe actuators 7, 8, eee are calculated based on
each demand value on the control output level 550 which is a level below the controlled
variable mediation level 540. In the example of FIG. 3, the lowest control output level

' 550 includes control output portions 551 to 555 corresponding to a signal transmitted
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from the aforementioned controlled variable mediation level 540. A throttle opening
amount .demand value is transmitted to the control outp'ut) portion 551 (throttle drive-
control -portion) from the mediation portion 541 of .the demand value concern‘ingv the
throttle opening amount and a throttle driving signal is output corresponding to the
transmitted throttle opening amount demand value. |

[0095] An ignitioh timing demand value is transmittéd to the control output
portion 552 (igniter energization control porﬁon) from the mediation portion 542 of the
demand value concerning the ignition timing of the aforementioned controlled variable
mediation level 540 and an igniter energization signal is output corresponding to the
transmitted ignition timing demand value. A demand value of an injection controlled
variable is transmitted to the control output portion 553 (injector driving control po;tion)
from the first to seventh rhediation portic;ns 543a to 543g of the injection function
mediation portion 543 and an injector drivihg signal is output correspondin/gl to the
transmitted injectioﬂ controlled variable. |

‘ [0096] A demaﬁd Vaiue_of a fuel discharge amoﬁnt is transmitted to th-ev control

dutput poﬁiOn 554 '(.low-pfes_sure' pump driving control portion) from the eighth
mediation portion 543h of the vinjection funétion mediation \‘portion 543, énd 2
low-pressure pump driving signal is output corresponding. to a demand value of the
‘ trénsmitted fuel discharge amount. A fuel pressure demand value is transmitted to the
control output portion 555 (high-pressure pump driving control portion) from the ninth
mediation portion 543iv of the injection function mediation portion‘ 543, and a
high-pressﬁre driving signal is output corresponding to the transmitted fucl pressure
demand value. | | |

[0097]  Hereinafter, mediation of the controlied variable or the actuator on the
controlled variable mediation level 540 described above, specifically, mediation of the
injection function demand which is a feature of the present embodiment, will be
described in detail with' reference’ to FIG. 3 and FI1Gs. 4 t0 6.

[0098] As described above, in the electronic gontrol unit of the bfesent

embodiment, the demands concerning the fundamental functions of the engine 1 are
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expressed with a combination of three kinds ‘of physical quantities and the demands
expressed with the three kinds of the physical quantities are mediated on the physical
quantity mediation level 520. The demand torques concerning the fundamental
functions ‘of the engine 1 are drivability, exhaust gas and fuel consumption. The three
kinds of the physical quantities are toque, efﬁeiency and air-fuel ratio. The fuel
binjection frequency and fuel injection amount are just the controlled variables concerning
the operations of the injectors 21, 22. If the controlled variables coneerning the .
operations of the injectors 21, 22 are cqnverted to physical quaﬁtities such as torque or
efficiency, temporarily, mediated and then the controlled variables are calculated again,
an excess calculation load occurs. | ‘

[0099] Therefore, in the present embodimeht, the controlled variable me\diation
level 540 is provided just below the controlled variable setting level 530 as described
above, so that the demand value of the controlled variables (injection controlled Variable)
concernihg the operations of the injectors 21, 22 are transmitted to the controlled variable
mediation level 540 not fhrough the physical quantity mediation level .520. On the
controlled variable mediation level 540, the dexhand wvalues of the controlled variables
(injection controlled VarieBIes) concerning the operations of the transmitted injectors 21,
22 are sorted to demand values during an operation ef .the engine 1 anel d_emand values
upon startup thereof and mediated. Further, the present embodimeﬁt is configured so
that the demand values of the controlled variables (pump controlled variables) concerning
eperations of the fuei pumps 24, 25 are mediated on the controlled variabIe mediation
level 540 in the same way as deécribe_d above. |

[0100] That is, as shown'in FIG. 3, the demand generation level 510 includes a
demand output portion 514 which outputs a demand for a fundamental injection function _
indispensable for driving the engine 1 appropriately. As well as the demand output
portion 514, demand output portions 515 to 519 which output each function demand with
a high priority depending on a necessity are provided. The function demands with a

high priority include reduction in fuel pressure prior to fuel cut, quick warm-up of
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catalyst, stratified combustion startun, cancelation of start and stop (S&S) and i_njector
protection. | |

[0101]  The demands output'f‘rom these dema‘lnd output portions 514 to 519 aie
not physical quantities but demand values expressed with the controlled variables of the
actuators 7, 8, ese. As shown in FIG. -3, the demands output from the demand output -
portions 514 to 519 are transmitted directly to the controlled variable mediation level 540
" not through the phjfsical quantity mediation level 520 and the controlled variable setting
level 530. With the demand values of the throttle opening aniouni, the ignition timing,
aind the air-fuel ratio transmitted from the controlled variable setting level 530 to the
controlled variable mediationrlevel 540 as described above, thes‘etransmitted demand
values are aggregated about each controlled variablel The demand values aggiegated
“about each controlled variable are mediated to a single demand vahie of each controlled
variable by the respective mediation portions 541 to 543 of the controlled variable
mediation ievel 540. |

[0102] More specifically, signals ontput from the fundamental injection function
demand output portion 514 on the demand generation level 510 are expressed with a
plura_lity of injection controiled Vaiiab_les and transmitted ‘to the injection function
mediation portion 543 (543b to 543d desci’ibed below with reference to FIG. 4) of the
controlled variable rnediatiOn level 540. The fundamental injection function demands
are fuel injection frequency (injection mode) of each of the two injectors 21, 22, injection
timing of each of the injectors 21, 22, and an injection amount of each of the injectors 21,
22; which will be described with reference to FIG. 4 below. ,

[0103] The reason why the signal output from the fundamental injection
function demand output portion 514 1s exjareSsed with a plurality of injection controlled
variables is as follows. Fuel injected by the intake port injection injector 22 into the
intake air port 11a of the engine 1 is mixed with air preliminarily and sucked into the
cylinder 2.© On the other hand, fuel mist injected- directly into the cylinder 2 of the
engine 1 by the cylinder injection injector 21 diffuses in the combustion charnber to form

a fuel-air mixture with a high concentration. Thus, a frequency of fuel injections of the
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injectors 21, 22 and a ratio in fuel inje'cti‘on amount thereby affect a distribution of
fuel-air mixture formed within the cylinder 2 of the engine 1 and combustibiliity thereof
largely.

[0104] As an example, ‘a demand value for performing multi-injection in a
bpredetermin‘ed driving area on a high load side of the engine 1 is outpuf from fhe
fundamental injection démand output portion 514a (see FIG. 4). 'The multi-injection
refers to fuel injection of exeéu’ting fuel injection in a single combustion cycle dividedly
by plural times with both the injectors of the’ cylinder mjec‘uon injector 21 and the 1ntake
port 1nJect10n injector 22 activated. The multi-injection is. fuel injection Wthh is to be
performed to reduce fuel consumptlon by increasing the dispersibility of fuel mist when
the engine ‘l.is ina predétermined driving area on the high load side. - The demand value
for multi-injection dutput from the fundamental ihjection deménd output pdrtiqn S514ais
injection timing, for examr;le. |

[0105] = In the present embodiment, the demand output | pdrtion 514 includes
demand output portions 514b to 514d which output a demand (demand for increasing
fuél) for increasiné a fuel injéction amount fof part protection or knoéking preventiovn.
The reason is as follows. The demand for increasing fﬁel for paﬁ protection or
knockin‘g prevention is a deménd which never changes injection mode or the like while
increasing fuel. | Quick warm-up of catalyst 1s a demand for changing injection mode.
Because the demand for increasing fuel amount for part protection or knocking
prevention does not change injection mode, it affects combustibility of fuel-air mixture
less than a demand for changing the injection mode such as quick warm-up of catalyst.
Thus, the demand output portions 514b to 514d aré included in the fundamental injection
function deménd output portion 514, |

[0106]  Like the aforementioned ;ighal output from the demand outiaﬁt portion
514, a signal output from the dérﬁand output porfion 515 for reduction in fuel pressure
prior to fuel cﬁt (F/C) is transmitted to the injection’function mediation portion 543. If
the fuel cut CO;‘ltl‘Ol of the engine 1 is performed, the temperature. of fuel in the

high-pressure fuel delivery pipe 20 rises during the fuci cut control operation, so fhat ‘
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pressure of fdel (fuel pressure) in the high-pressure fuel delivery pipe 20 may increase.
Tﬁe reduction in fuel pressure prior to fuel cut mentioned l;ere refers to a control for |
injecting a small amount of fuel by activating the cylinder injection injecter 21
preliminarily just'befo're startup of the fuel cut control in order to prevent the pressure of
fuel (fuel pressure) in the high-pressure fuel delivery pipe 20 when the fuel cut control of
the engine 1 is being performed. For the reason, a.demand value signél for activating
the cylinder injectioh injector 21 is output from the demand output portion 515 and the
output signai is transmitted to the mediation portien 543 of -the controlled variable
mediation level 540.

[0107]  On the other hand, signals output from the quick warm-up of the catalyst‘
‘demand outpdt portion 516 and the stratified coinbustion startup demand output portion
517 are transmitted to the throttle opening amount demand value mediation portion 5-41,
the ignition timing demand value mediation portion 542, and the injection function
mediation portion '543 of the controlled variable medidtion ‘level 540. The quick
warm-up of the catalyst 17 refers to .a special control for increasing the exhaust air
temperature to a maximum extent in order to warm up the catalyst 17 in the shortest time
after a cold start of the engine 1, for 'example. |

| [0108]_ More specifically, to raise the, exhaust air temperature, the ignition
timing is retarded up to after the'top dead center (TDC) and the amount of air is increased
by opening the throttle valve 8, so that the exhaust air heat amount is in'creaéed as much
as Vpossible - Further, the fuel injection timing in the compression stroke is retarded so
that the concentratlon of fuel-air mixture around the 1gn1t10n plug 6 is raised. Thus,
signals about a demand value for i 1ncreasmg the throttle opening amount, a demand value
for the 1gn1t1on retardation, a demand Value for the compression stroke injection, and a
demand value for increasing fuel pressure are output from the demand output portlonv
516. | |

[0109]. dThe stratified combustion startup refers to a control for starting the
engine in the stratified combustion state in order to achieve eoth reduction of a startup

time and a smooth startup of engine rotation. To achieve the stratified combustion
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startup, fuel is injected from the cylinder injection injector 21 in the compression stroke
of the cylinder 2 of the engine 1 (fuel may be injected ‘from the intake port injection
injector 22 as well.) Therefore, demand values of a throttle opening amount, ignition -
timing, injection amount, injection timing and injection préssure (i.e., fuel pressure in the
high-pressure fuel delivery pipe 20), which are suitable for the stratified combustion
startup, are output from the demand output portion 517.

[0110]  Further, a signal output from the S&S cancelation demand output portion
518 is also transmitted to the mediation ﬁortions 541 to 543. The S&S cancelation
‘refers to an idling stop control f(;r autdmatically stopping an operation of the engine 1
under a prédetermined condition with a stop of a vehicle. A demand value for‘closing
the throttle to suppress vibration W_heh the engine 1 is stopped, a demand value for
stopping ignition, and a demand valué for stopping fuel injection and an operétion of the
low-pressure pump 24 é.re output from the demand output portion 518.

[0111] . A signal output from the injector protection demand output portion 519
: -is transmitted to only the mediation portion 543. In this example, épeciﬁcally, the
injector protection ‘demand_ intends to reduce the pressure of fuel (fuel pressure) in the
“high-pressure fuel delivery pipe 20 to protect an O-fing prdvided on the gyiinder injection
injector 21. Thus, a demand Valug for reducing a target fuel pressure in the
high-pressure pump 25 is output from the demand output portion-519. |

[0112] | _In the present embodiment, an order of priority is set preliminarily ébout.
signals output from the demand output portions 514 to 519 transmitted to the controlled |
Variable mediation 1eVel 540 not through thé physical quaﬁtity mediation level 520 as
described above. The der.nandi values of the signals output from the demand output
portions 514 to 519 are mediated according to the preliminarily set priority order. A
specific priority order depends on a design of the electronic control unit and the order of
priofity is not limited to any specific one. .As an example, the priority of the demands
from démand output portions 515 to 519 is set highef than that of the fundamental

injection function demand from the demand output portion 514.
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~ [0113] Hereinafter, mediation of injection controlled variable in the injection
function mediation portion 543 will be described in detail with reference to FIG. 4 and
FIG. 5. As'-described above, the injection function mediation portion 543 includes the
first to seventh mediation portions 543a to 543g for mediating seven injectioh controiled
variables indicating the operations of the injectors 21, 22, and the eighth, ninth mediation
portions 543h, 543i (seé FIGs. 3, 6) for mediating pump controlled variables indicating
the operations of the fuel pumps 24, 25. The injection function mediation portion 543
mediates the controlled variable of the injection and fhé. pump controlled variable
collectively. .

[0114] The first mediation portion 543a.mediates injection mode as aniinjection
controlled variable, that is, an injection frequency of fi}el injection from each of the
~ injectors 21, 22.  More specifically; signals of injection modes corresponding to each of

deménds about reduction of fuel pressure, quick warm-up of catalyst, stratiﬁ~ed‘
combustion startup and S&S cancelation are transmitted to the first mediation portioh :
543a from each of the demand output portioné 515 to 518 on the demand generation level
510. |
[0115] As an example, if an injection mode of performing injection operations
_three times in a single combustion cycle by injecting fuel from the cyiinder injection
vinjector 21 in injection mode- t_wice and then injecting fuel once from the port injection
injector 22, a demand value of injec'tion. fnode for performiﬁg the injection operation -
three times is transmitted.- In case of injectioh mode for stopping the injection
operations of the injectors 21, 22 for S&S cancelation, for example, a demand value of
inj éctioh mode for‘stopping the injection operation is trénsmitted.
[0116] In the meantime, in the present embodinﬁent, no signal of a demand value
| in.injection mode is transmitted from the fundamental injection function demand output
portion 514. As shown ih FIG. 4, injection mode corresponding to a fundamental
injection function demand is stored in the injection function mediatibn portion 543

preliminarily as a fundamental mode:
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[0117]  In the present embodiment,» a signal output from the demand output
portions 515 to 519 accbmpanies information which identifies each signal output and
indicates an order of priority of their demands. The priority of the demands of signals-
output from the demand output portions 515 to 519 is higher than that of a démand in thé
fundamental mode. Therefore, if any signal is input to the mediaﬁbn portion 543a, a
deﬁland value of one of the input signals is selected (mgdiated). For example, of the
input signals, only'a signal of a demand value with the highest priofity may be selected.
Of the input signals, Aany demand value signal may be selected and its demand value may
be calculated by means of weighted ‘average or the like so tha-t demand values not
‘se‘:lected are also reflected by Weighting the seiected demand Val‘ue.b
. . [0118] Like the first mediatioﬁ portion 543a, the second mediatioh portion 543b
mediates a fuel injection timing (inj‘ectio‘n startup timing) by the injectors 21, 22 as one of
the controlled variables of the injection. A signal of a demand value indicating an’
injection startup timing of each of thé injectors 21, 22 is trar_lsmittéd from the demand
_output portions 514 (514@), 516, 517 on the demand generation level 510 to the second
. mediation portion 543b. Signals transmitted from the demand output portions 514
(514a), 516, 517 on the demand generation level 510 are transmitted as demand values of
injection timing corfesponding to each of demands about fundamental injection, . quick |
warm-up of catalyst and stratified combustion startup. - |
[0119] For example, 1f the injection operations are performed three times by
activating the cylinder injection injector 21 twice and the intake port injection' injector 22
oncé as described before, a deménd sigﬁal in which the injection operation of each time ié
expressed with a crank angle is transmitted. Then, mediation _isperformed according to
a predetermined rule like the first mediation portion 543a. In the meanﬁme‘, because the
injection timing demand values are allocated to the injéction opefation of each time
expressed with injcétion mo‘de in order, the-cylindér injection injector 21 and the intake
port injection injector 22 are not distinguished.
[0120]  As one of the controlled variables or the injection, the third mediaﬁon

portion 543¢ mediates a fuel injection amount of each of the injectors 21, 22 upon startup
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of the-éngine 1. Signals of demand Vélues which express a fuel injection amount of
each time corresponding to injection demands for the fundamental' injection.ahd the
stratified combustion startup are transmitted from the demand output portions 514 (514a),
517 on the demand generation leyel 510 to the third mediation pdrtion 543c.

[0121]  As an example, if the injection operations are performed twice by
activaﬁng' the cylinder injection injéctor, 21 once and the intake port inje.ction injeétor 22
once for the stratified combustion startup, a signal of a demand-value which expresses the
injection amount of each time is transmitted. If the engine is started in a uniform
combustion state at a cold place, for example, a demand Vélue of a fuel injection amount
of a single tﬁne by the intake' poft injectionb‘ injector 22 is‘trans’mitvted. Then, the
mediation is performed according to the predetérmined' rule ,like the first, second
mediation portions 543‘a,' 543b.

10122]  The reason Why the’ fuel injection amount upon startup is mediated
separately from that during a driving of an engine is that upon stértup of the engine 1, a
charging amount of air into the cylinder 2 of the engine 1 cannot be calculated precisely.
During a driving of the engine 1, a fuel injection afnbunt is calculated from the air
charging amount and target air-fuel ratio as described below. Because the air cvharging
‘ arﬁount,cannot be calculated pfecisely upon startup of the engine 1, the fuel injection
amount must be set to a suitable value f)reliminarily. Thus, the fuel injection amount is
set- preliminarily to match with an 6perating state of the engine 1 upon startup, for
exérhple, stratified combustion startup or uniform combustién startup, an appropriate fuel
injection amouﬁt is selected (mediate) from the preliminarily set fuel injection amounts.

[0123]  As one of the controlled variables of the injection, the fourth mediation
portion 543d mediates a standard value which determines completion of the
aforementioned startup control. © A determination value signal for determining
co_mpleti_on of the startup in ‘case~of the uniform combustion startup and the stratified
combustion Staftup is transmitted from the demand output portions 514 (514a), 517 of the
demand generation level 510 to the fourth mediation portion 543d. Then, the

transmitted determination value is mediated according to the predetermined rule.
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- [0124] In case of uniform combustion startup by the fundamental injection, for
example, when the engine speed upon startup exceeds a preliminarily set_ engine speed
(determination engine speed), it is determined that the engine startup has completed. On
the other hand, in case‘ of stratified combustion startup, its generated torque is smaller
than the uniform combustion startup. Thus, in case of the stratiﬁed combustion sfartup,
the determination engine speed is selected (mediated) so that the startup of the engine has
completed when the engine speed upon startup reaches a higher value than that 'u‘pon the
'unifokrm ,eombustion startup. Further, in case of a hybrid Vehic_le; because the engine
might be started during a traveling with an electric motor; it may be determined that the
startup has completed when the engine speed reaches a Higher value.

[0125]) In case of a'hybrid vehicle, if the engine is started dﬁring a traveling with
an electric motor, the\re is a possibility that the engine speed may reach a higher value
than a determinationvengine speed lipon normal -startup when the startup control starts.
In this case, if it is determined that the engine startup has been completed with a normai
determination engine speed, at the same time when the startup control starts, a fuel
injectioh amount after the startup is adopted. | As a resulf, an excessive émount of fuel
may be injected into a cylinder in which actualfy no fuel injection has been performed.
Thus, in case of the hybrid vehicle, it may be deterrnined that the startup has been
corhpleted after the engine ‘speed reaches the aforementioned high value as described
above. | |

[0126] As one of the controlled variables or the injection, the fifth mediatiori
portion 543e mediates a ratio of fuel injection between .the injectors 21 and 22 during a
driving of the engine 1, thét is, an injection sharing ratio. A signal of a demand value
indicating a ratio of injection amount betweeﬁ the respective injectors 21 and 22 is
transmitted to the fifth mediation portion 543e from the demand output portions 516, 517
of the demand genera\tion level 510 as a demand value of injection sharing ratio
corresponding to a demand for quick warm-up of catalyst and stratiﬁed eombustion

startup.
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[0127}  As an example, if the injection opcrations are performed three times by
activating. the cylinder injection injector 21 twice and the intake port injection injector 22
once, a demand value about an injection ratio between one time of the port injection and
one time of the cylinder injection is transmitted in order of the injection operations (e.g.,
40%, 40%) and the transmitted demand value is mediated according to the predetermined
rule. |
[0128] In the meantime, a remaining injection ratio (e.g., 20%) is allocated to
the cylinder injection of the second time. Further, according to the present embodiment,
no signal of the injection sharing ratio dcmand value is transmitted from the fundamental
injection function demand output portion 514." The injection sharing rntio corresponding
" to the ‘ﬁlndamental' injection function- demand is a fundamental value (i.e., 100%)
corresponding to the port injection of one time based on the basic Inode. As shown in
FIG. 4, the fundamental value corresponding to the port injection of one time based on
the basic mode is stored in the injectio.n function mediation portion 543 preliminarily.
[0129] As one of the controlled variables of thel injection, the sixth mediation
portion 543f mediates a compensation' coefﬁc’ient‘ of totali injection amount of fuel.
According to the present embodiment, the demand output portions 514b to 514d are
contained in the fundamental injection ﬁlnction demand output portion 514. As well as
“ the fundamental injection demands, the demand output portions '514.b to 514d output a
fuel increase compensation coefficient demand value for part protection, - knocking
prevention and compensation for non-contributed ‘amount. An output demand value
(signal) 1s transmitted to an injection amount increasing pre-mediation portion 543j and
mediated (mediated preliminarily) according to a prédetermined rule. |
[0130] The injection amount compensation coefﬁcientv demand value ontput
from the injection amount increaSing _pre-mediation’ portion 543j after such a
pre-mediation is transmitted to the sixth mediation portion 543f. - On the other hand, in
.thc exémpie of FIG. 4, the injection amount compensation coefficient demand value for
quick warm-up of catalyst is transmitted from the demand output portion 5 16 to the sixth

mediation portion 543f and the transmitted demand value is mediated according to a
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predetermined fule. The reason why the mediation ‘is performed separately isvthat a
preferable logic for cach mediation is different. - ‘

[0131] That is, the demand (first kind of 'der_nand) for pre—mediaﬁbn for part
protection or knocking prevention is a demand which never changes the injection mode
althoﬁgh total injection amount of fuel is changed. On the other hand, because a
demand for quick warm-up of catalyst or the like (second kind of demand) changes’thel
injection mode as well as the total injection amount of fuel, combustibility of fuel-aif
mixture in the cylinder 2 of the éngine 1 is affected largely. Thus, the injection amoﬁnt

- compensation coefficient is mediated according to a logic preferable for the ﬁrst kind of
:demand in the injectiéh amount i‘ncreasing prefmediation portion 543j as described above
and then, the injection amount compensation coefficient is. mediated according to a logic
preferable for the second kind of deman_d_in the sixth mediation portion 543f. |

[0132] | 'As one of the controlled variables or the inject_ion, thesevénth mediation
portion 543¢g mediates én upper limit in injectiﬂg fuel in the compression stroke of the
cylinder 2 from the cylihder injection injector 21, that is, & compression stroke injection
upper limit. If the fuel injection amount ’in the compression step of the cylinder 2 of the
engine 1 increase excessively, deflection in concentration of fuel-air mixture increases so
that the concentration of fuel around an ignition plug, for example, inteﬁsiﬁes thereby
poSsibly worsening combustion state. - |

- [0133] Then, as an example, é signal of an upper limit in fuel injection amount
in the compression stroke by thé-cylinder injection injector 21 upon 'quick warm-up of
catalyst control is transmitted from the demand output portion 516 tov the seventh
mediation portion 543g. Further, a signal of an upper limit of ‘fuel.injectic-)n amount in
thé compression stroke upon stratified combustion startup is transmitted from the demaﬂd
output pbrtion 517. The transmitted fuel injection amount upper limit is mediated
according to the predetermined rule.

[0134]  In the meantime, according to the présent embodimeht, no signal of the -
vupper limit of fuel injection amount in the compression stroke is transmitted from the

fundamental injection function demand output portion 514. The reason is that the .
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injection mode correspdnding to the ﬁmdaméntal injection function demand ié basic
mode in which no fuel is ihjected into thé cylinder injection injector 21.  As shown in
- FIG. 4, a fundamental value (maximum value) of fuel injection ainount is stored
preliminarily in the injection function mediation portion 543 for convenience. "

[0135] As described abo.ve; the seven injec.tion controlled variables hold
simultaneity and in other wdrds, the seven controlled variables are mediated collectively
by correlating to each other.  As a result, a preferable operation control for the injéctors
21, 22 to various demands during a driving of the engine 1 and upon startup is achieved.
In the meantime, the first, second and fifth to sevehth médiation portions 543a, 543b,
543e-543g construct a fundamental injecﬁon control mediation portion which mediates
injection controlled variable concerning operations of the injectors 21, 22 during a
driving of the engine 1.- The third, fourth mediation portions 543c, 543d construct a
startup injection control mediation portion which mediates an injection control émbunt
upon startup.’ | |

10136]  As shown in FIG. 5, signals ffém the first to seventh mediation portions

'543a to 543g are transmitted to the control output portion 553 (injector'driving‘ "co.ntrol
.portioh) éf the control output level 550. This control output portion 553 has an injection
amount calculation portion 553a which calculates a fuel injection amount of each of the
injectors 21,22. An injection mode demand value from the first mediation portion 543a
of the injection function mgdiation portion 543 and an injection timing derﬁand value
from the second mediation portion 543b are transfnit‘c-ed to the control output portion 553,
and the control éutpuf portion 553 calculates an injection amount of each injection
operation spéciﬁed according to an injection mode.

[0137]  That ié, démaﬁd values of each injection sharing ratio, injection amount
compensation coefficient and compression stroke injection upper limit are transﬁitted to
the injection amount calculation portion 553a from the fifth to seventh mediation portions
543e td 543g of the injection function mediation portion 543 and cons‘equvently, a fuel
injection amount is calculated from a target air-fuel ratio, an air charging amount into the

cylinder 2 and injection sharing ratio. For the target air-fuel ratio, its theoretical air-fuel



WO 2014/155183 PCT/IB2014/000430

41

ratio is set preliminarily as the fundaﬁlental value. The air charging amount into the
cylinder 2 is contained jn ‘th-e common engine - information. The injection amount
calculation portioh 553a compensates the fuel injection amount by multiplying the
injection amount compensation coefficient and limits the injection amount in the
injection operation in the éombression stroke to the upper limit. |

[0138] Then, the calculated fuel injection amount démand value and a fuel
injection amount demand value upon startup from the third rﬁediatioh portién 543c of the
1nJect10n function medlatlon portion 543 are input to an injection amount selecting
portlon 553b of the control output portion 553, and of the 1nput fuel 1nject10n amount
demand values, any demand value is ‘selected. - That is, a startup completion
determination value (e.g., engine speed) output ffom the fourth mediation portion 543d of
the injection function mediation portion 543 is transmitted to the injection amount
selecting portion 553b and if it is less than a real erigine speed, the fuel injection amount "
upon startup is selected. On the other hand, when the real engine speed exceeds the
startup coﬁlp_letion deftermination value; the fuel injection amount caléulated by the
injection amount calculation portion 553a is selected as described above. The real
engine speed is cOntainéd in the common engine informatiqn.

[0139] - Based on th_e selected fuel injection amount demand value, a current fuel
pressure and flow rate coefficients of the injectors 21, 22, a fuel injection period, that is,
an injection pulse width of each of the injectors 21, 22 is calculated by an injection pulse
éalculation~ponion_ 553c. The calcuiated pulse width injection signél (injector driving
signal) is output to the injectors 21, 22., -The current fljlel pressure is a fuel pressure of
the high-pressure fuel delivery pipe 20 and the low-pressure fuel delivery pipe 23
contained in the common engine information.

[0140]  Next, mediatioﬁ of the pufnp control amount will be described with
referenée to FIG. 6 An eighth mediation : portion 543h/ provided in the injection
function mediation portion 543 as described above mediatés_ a discharge amount of the
low-pressuré pump 24 as one of the pump controlled variables. Demand values

(signals) of a discharge amount corresponding to the fundamental injection demand and a
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discharge amount (i.e.; zero) corresponding to the S&S cancelation are transmitted to the
eighth mediation portion 543h from the demand output portions 514(514a), 518 of the
‘controlled variable mediation level 540. o

[0141]  That is, correspbﬁding to the fundamental injéction demand‘\'/alue from
the demand output portion 514 (514a) during a driving of the engine 1, a demand value
for driving the low-pressure pump 24 is transmitted to discharge fuel to match with the
injection amount from the injectors 21, 22. On the other hand, in' case of S&S
cancelation, corresponding to stop of the operations of the injectors 21, 22, a demand
~value for zeroing the discharge amount of the low-pressure pump 24 (stopping the
operation) is transmitted to the eighth mediation portion 543h.

[0142]  As shown in FIG. 6, the mediation is performed according to the
predetermined rule by a low-pressure pump discharge amount mediation portion 543ha in
the-eighth mediation portion 543h; so that a signal of a pump discharge amount demand
value is transmitted to a lower limit guard portion 543hb.  The lower limit guard portion
543hb conﬁpares a transmitted demand value with a lower limit guard value and if the
transmitted demand yalue is over the lower limit guard value, the transmitted demand
value is output and transmitted to a control output portion 554 for driving \of the
low—pressufe pump 24. On the other hénd, if the transmitted demand Valu.e‘is less than
the lower limit guard yalue, the lower limit guard Vélue is output and transmitted to thé
control output portion 554 for driving of the low-pressure pump 24.

[0143]  For example, if avdemand value for S&S cancelation (pump discharge
amount is zero) is selected, the low-pressure pump 24 is stopped so that pewer
consumption during a stop of the engine 1 cén be reduced, which .is advantageous for
reduction of fuel consumption. However, even if the S&S‘ cancelation demand value is
selected in the low-pressure pump discharge amount mediation portion. 543ha, it is
sometimes desirable to start the low-pressure pump 24. In this case, the low-pressure
pump 24 can be driven by setting the lower limit guard value éppropriately. |

7 [0144] More specifically, when achieving the stratified coﬁlbustion startup of

the stopped engine 1, the high-pressure pump 25 is activated to inject fuel in the



WO 2014/155183 PCT/IB2014/000430

43
compression stfoke of the cylinder 2’of the engine 1. If bubbles exist in a fuel pipe ét
this time, no fuel ‘is fed by first one or two rotation of the high-pressure pump 25 thereby
reducing the startup responsibility of the engine 1. ‘Thus, by activating only the
low-pressure pump 24 for the stratified combustion startup to raise the pressure of fuel in
the fuel pipe, the bubbles are extinguished. -

[0145] ' ‘Fof example, if the vehicle power is turned ON, a disc’harge amount
léwer limit value (not zero) signal of the loW-pressure pump 24 is transmitted to a lower
limit pre-mediation portion 543hc in thé eighth mediation portion 543h from the stratified
combustion startup demand output portion 517. A discharge amount lower limit value |
signal other than the aforementioned transmitted discharge amount lower limit valﬁe (not
Shown) is also transmitted to the lower limit pre-mediation portion 543hc. The
transmitted discharge amount lower limit value is mediated by the lower limit
pre-mediation portion according to the predetermined rule. Then, the discharge amount
lower limit value (not zero) signal is transmitted to the lower limit guard éonibn 543hb
and next transmitted to the control output portion 554. Therefore, even if the discharge:
amount deméﬁd ‘value' transmitted from the low-pressure pump discharge amount
mediation portion 543ha is zéro, the low-préssure pump'24 can be driven. |

[0146])  Likewise, the ninth mediation portion 543i mediates a target fuel
pressure of the high-pressure pump 25 as one of the pump controlled variables. As
shown in FIG. 6, signals of taréet fuel pressure demand values corresponding/t(_) the
fundamental injection, quick warm=up of catalyst and stratified combustion startup are
transmitted to the ninth mediation portion 543i from the demand output portions 514
(514a), 516, 517 of the controlled variable méd'iation level 540. For examplé, if the
fundamental injéction accompan_ies' no fuel injection in the compressidn stroke of the
cylinder 2 of the engine 1, it is hot necessary to increase thé pressure of fuel by actiVating

the high-pressure pump 25.
| [0147]  On the other hand, if fuel is injected in the compression 'stque of the
cylinder 2 as in the stratified combustion startup, it is necessary to raise the pressure of

fuel over a predetermined level by activating the high-pressure pump 25. Thus, if fuel is
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injected in the compression stroke of the cylinder 2 of the engine 1, a high target fuel
pressure demand value is transmitted.  Further, to achieve the stratified combustion state
for quick warm-up of catalyst, a high target fuel pressure demand value is also
transmitted. These demand values are I‘hediated according to the predetermined rule by
a high-pressure pump target fuel pressure mediation portion 543ia in the ninth mediation
portion 543i. ,

[0148] A signal of the mediated high-pressufe purﬁp target fuei pressure demand
value is transmitted from the ‘high-pressure pump target fuel pressure mediation portion
543ia to the lower limit 'guafd portion 543ib and the demand value transmitted to the
lower limit guard portion 543ib is compared with the lower limit guard value. If the
demand value transmitted to the lower limit guard portion 543ib is over the lower limit
guard value, t‘he,transmitted demand value is transmitted to the upper limit guard portion
543ic.  On the other hénd; if the demand value transmitted to the lower limit guard
portion 543ib is less than the lower limit guard value, the lower 1irﬁit guard value is
transmitted to an upper limit guard portion 543ic. . The demand value transmitted to the
upper limit guard portion 543ic is compared with the upper limit guard Valuej this time.
‘Then, if the demand value transmitted to the upper limit guard portion 543ic is less than
the upper limit guard value, the demand value transmitted to the upper limif guard portion
543ic is output and the demand value is transrflitted to the control output portion 555 for
driviﬁg the high-pressure pump 25.  On the other hand, if the demand value transmitted
to tHe upper limit guard portion 543ic is over the upper limit guard value, the upper limit
guard value is output and the demand Vélue is transmitted tb the control output portion
555 for driving fhe high-pressure pump 25. - |

[0149] Usually, the target fuel pressure demand value from the high—pres‘sure
pump target fuel pressure médiation portion 543ia is located in a range between the upper
limit value and the lower limit value, the discharge pressure of fuel from the

: high-préssure pump 25 is raﬁsed to obtain a fuel pressure necessary for the stratified
combustion startup and the quick warm-up of catalyst. Further, even if the target fuel

pressure demand value deviates from the range between the upper limit value and the
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lower limit value, the operatioﬁ of the high-pressure pump 25 is limited so that the real
target fuel préssure falls within the ra‘mge' between thé uf)per liniif value and fhe lower
limit value. For example, when reducing the fuel injection préssure to protect the
O-ring of the cylinder injecﬁon injector 21, a signal.of the upper limit value of fhe target
fuel pressure of the high-pressure pump 25 is transmitted from the demand output portion
519 to the ninth mediation portion 543i; |
[0150]  The transmitted upper limit value signal is. transmitted to an upper/lower
limit bre-mediation portion 543id in the ninth mediation portion 543i and the transmitted
upper ﬁmit value is mediated accordiﬁg to the predetermined rule. If thé mediated
upper limit jvah‘le is transmitted to thé ‘upper limit guard portion 543‘ic,.‘even if the target
~ fuel preésure demand value hés’ been already transmivtted frohl the high-pressﬁre pump.
target fuel pressure ﬁediation portion 543ia as ‘devscribed above,' an ’upper lirhit guard
value lower thah the transmitfed target fu_el pressure demand value is selected and
transmitted to the control output portion 555. | ‘ |
. [0151]‘ 'Thus, in the high-pressure pump 25 which is activated receiving a
| driving signal from the ‘control oufput portion 555, that target fuel pressure is limited to
the aforementioned upper limif value or less, thereby protecting the O-ring and the like of
the injector 21. Further, because a lower limit of the target fuel pfessure demand .Value
© is set by the lower limit gugrd portién 543ib likewise, even if a demand value for
. stopping the high-pressure pump 25 is trénsmitted from the high-pressure pump target‘
fuel pressure mediation portion 543i, the high-pressure pump 25 can be activated as
required. | ‘ |
[0152) By correlating . with the chtrolléd Vériabl_es .‘(injection controlled
| \}ariables) of the injectors 21, 22 as described above, the controlled variables (injection
controlled variables) of fuel discharge amount- and discharge pressure (target fuel
pressure) from the fuel pumps 24, 25 are mediated in the eighth, ninth mediation portions
543h, 5431. Asa result-,‘ while securiﬁg simultaneify of various demands concerning fuel
| injection function, the various demands concerning the fuel injection function are

mediated to achieve combustion by forming an excellent fuel-air mixture.. In addition,
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by performing pre-mediation about the upper limit value land the lower'limit value of fuel .
discharge amount and dlscharge pressure, a demand for controlling the pump controlled
variable independently of the controlled variable of the injection can be met.
| [0153] = As described above, in the electronic control unit of the present
embodiment, a signal is transmitted in 5 single direction from the demand generation
level 510 which is tlle‘highest level of the hierarchical structnre, through the lower
physical quantity ‘mediation level 520, controlled variable setting level 530, and
controlled variable mediation le\rel 540 to the control output level 550, thereby reducing
the control arithmetic operation load. | |
. {0154] - Further, the fnndamental functi‘on demands of .tlle engine 1 such as
| drivability, exhaust gas and fuel consumption are expressed with‘a combination of three
kinds- of physical quantities including torque, efﬁciency and air-fuel ratio and mediated
on the physical quantity mediation level 520. As a result, the engine 1 can be driven in
a preferable state in which those fundamental demandsv are satisfied at an excellent
balance. ) |

[0155] On the other hand, | demands for fuel injection state such as
multi-injection, stratified combustlon startup, and quick warm-up of catalyst are
transmitted dlrectly to the controlled Varlable medlatlon level 540 not via the physical
quantity mediation and mediated. In other words various kinds of demands concerning
the functlons of the engine l are sorted to a suitable one of the phys1cal quantlty
mediation and the controlled Varlable mediation and processed. As a result, -all the
function demands can be preferably "achieved without increasing control erithmetic -
operation load excessively.

[0156]  Inthe present embodiment, the injection function mediation portion 543
of the controlled variable mediation level 540 perform mediation integrally by correlating
the controlled variables (injection controlled variables) of the injectors 2l 22 with the

“controlled varlables (pump controlled variables) of the fuel pumps 24, 25. As a result

simultaneity of mediations of the controlled varlable of the injection and the pump
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controlled variable concerning the fuei injection can be secured thereby achieving.
excellent combustion with an excellent fuel-air mixture.

[0i57] Further, in the present embodiment, the injection function mediation
portion 543 is provided with the third, fourth mediation portions 543c, 543d (startup
injection control mediatio‘n‘fportion) which mediate the controlled variables of the
injection upon startup, separately from the first, second, fifth to seventh mediations 543a,
543b, 543e-543g (fundameotal injection controll mediation portion) which mediate the
controlled variables of the injection during a driving of the engine 1.. Thus, injection
control dcmands which are different between during a driving and ‘uponb startup due to .
veach different logic can be mediated prefcrably. In addi_tion, the arithmetic o‘peration’
load associated with the mediations both duriné a dfiviog and upon startup can be
‘reduced. |

[0158] Although the embodiment of the present invention has been described
éboVe, the present invention is not restricted to the above-described embodiment, but may
bc modified withio a range not depafting from the spirit of the;invention.. For example,
although the aboveedescribed\ embodiment has mentiohed three kinds of functions
including drivability, .exhaust gas and fuel consumpt‘ion as‘ the fundarﬁeotal function
demand to the engine 1 and these function denﬁands are expressed with threc physical -
Quantities such as torque, efficiency and air-fuel ratio and mediated, the present invention
is not restricted to this example. |

[0159]  Further, the function demands which are expressed with the controlled
variables of the actuators 7, 8, eee instead of the three physicai quantities and mediated
are not restricted to reduction in fuel pressure prior to fuel cut (F/C); stratified
combustion staftup and quick warm-up of catalyst. As other function demaﬁds, various
function demands for fail safe, OBD can be mentioned. |

10160} According to the above-described embodiment, the signals related to the
F‘operating condition and operating state of the engine 1 (common information) :arc

distributed by the common signal distribution system. The signal fclat’ed to the
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operating condition and operating state 6f the engine 1 (common information) may be
distributed from a higher level ‘to a lower lével together with the demand value.
[0161] Further, in the above-described embodiment, the case where the
: electronic control unit of the present invention has been applied to the engine 1 including
the cylinder injection injector 21 and the port injection. injector 22, the present invention
is no restricted to this example. The present invention can beAapplied to the electrénic
control unit of an engine including any one of the cylinder injection injeétor 21 and the
intake port injection injector 22. | o
V [0162] Further, the actuatoré of the ‘éngine 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‘timi,ng" systém (VVT);, a variable valve lift
system (VVL), and an exhaust gas recirculation system (EGR system) may be selected as
‘an aétuaior to be controlled. In an éngine .With a cylinder stop system or a variable
compression raﬁio system, those systems may be selected as an actuator to be controlled.
10163} | Further, although in the above embodiment, the case in which the
electronic control unit of the presénf invention has been applied to ‘the spark igni_tion type
engine 1 mounted on a vehicle has been déscribed, the present invention may be applied
to other engines than the spark ighition type engine 1, for example, a diesel engine.

‘Further, the present invention may be applied to a hybrid system with an electric motor.
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WHAT IS CLAIMED IS:

'1. An electronic control unit for an 'intémal combustion engine, the electronic
control unit being configured to achieve demands concerning Varioué kinds of functions
of the internal combustion engine by coordinétive control of a plurality of actuators
concerning an operation of the internal combustion engine, the electronic control unit
comprlsmg

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

a phy51cal quantity mediation - level that is provided just below the demand
, generatlon level, the physical quantity medlatlon level aggregating and mediating
demand values expressed with a predetermined physical quantities of the demand values;

a confrolled vériable setting level that is provided just below the physical quantity
mediation Jevel, 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 expressed with the controlled Vafiableé of the
dctuators of the demand values oﬁtput from the demand generation level being
transmitted.to the confrolled variable mediation level not through the physical quantity
mediation lei/el, the controlled variable mediatiéh level aggregating and mediating
demand values expressed with controlled Variablés of the bactuators 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.levél not through the phyéiéal quantity mediation level 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 media_tion level and the controlied

variable setting level, and
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whereih the 'c‘ont‘rolled variable mediation level includes a fundamental injéc’tion
“control | mediation portion and a startup injection control mediation portion, the
.fundamental injection control mediation portion mediating controlled variables of
injections concerning an operatio'n of at least one of fuel injection valves which is oné of
the actuators during a driving of the internal combustion engine, and the startup injection
control mediatio\n portion mediating the controlled variablés of the injections upon

startup of the internal combustion engine.

2. The electronic control unit according to claim 1, wherein
’- the fuel injéction valve injects fﬁel directly into a cylinder of the internal
combustion engine and the fundamental injectioh control mediation portion mediatés an
upper limit value of a fuel injection amount injected by the fuel injection valve, thg fuel
injection arﬁount is a fuel injection afnount injected when the cylinder is in a compression

stroke, the fuel injection amount being one of controlled variables of the injections.

3. The electronic controi unit according”to any one of cléims 1, 2, wherein

the fuel injéction valve includes a first fuel injection valve and a second»fuel
injection valve; | | | | |

thevﬁrst fuel ‘injection'val\'/e injects fuel directly into a cylinder of ‘the internal
combustion engine;

the second fuel injection valve injects fuel into an intake port provided on each
cylinder of the internal combustion engine; and -

the fundamental injection control mediaﬁon portion mediates a frequency of fuel
injections to be performed by the first fuel injection valve and the second fuel injection

valve and ratio in the fuel injection amount among respective injection times. -

4.  The electronic control unit according to any one of claims 1 to 3, wherein
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the electronic control unit distinguishes the deniands expressed with the chtrOll.'c-:d
. variables of the injections between demands with a higil priority and demands With a low
priority; and o

- after the controlled variables of the injections concerning the demands with the low
‘priority are mediated, the fundamental injecti(iri control mediation portion Amediates both
the controlled variables of the injections concerning the riiediated demands with the'low
priority and the controlled variables of the injections conceming the demands with the

high priority.

5. Tile electroni¢ g:oiitrol unit according to any ovncv of claims 1 to 4, wherein

the actua‘t(‘)r‘ contains at least one of fuel pumps for supplying fuel to the fuel
injection valve; |

the controlled variable mediation level has a pump control mediation portion; and

,thevpump control mediation portioh mediates a controlled variabies of the pump -
concerning an operation of the fuel pump by correlating with the mediation of injection
control which is to be performed in the flindamental iﬁjeétion.control mediation portion

“or the startup injection control»mediation‘portion.

6. The’electr»onic control unit according to claim"S, wherein

when mediating the controlled variables of thg injectioné to stop an operatiori of the
fuel injection valve by the fundamental injection control mediation portion, the pump
control mediation: pgjrtion mediates a discharge amount .of the pump which is the
controlled variables of the pump to stop the operation of the fuel pump b‘yi correlating
with the mediation of the cont_folled ifariablc or the injection; .

wherein the electr‘onic-vcont‘rol unit further iiiclu,des a discharge amburit limiting

portion which sets a lower limit value of the mediated discharge amount of the pump.

7. The electronic control unit according to any one of claims 5, 6 wherein
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the fuel injection valve injects fuel directly into a cylinder of the internal
combustion engine;

_ the fuel pump is a high-pressure pump and the high-pressure pump suppliés the fuel
injection valve with high-pressure fuel with a higher pressure than a predetermined level,
wherein, when mediating the controlled variables of the injections to activate the fuel
injection valve in a compression stroke of the cylinder of the interriél combustion eﬂgine
by the fundamental injection control mediation 'portion, the pump control mediation
_ portion mediates a farget pump fuel pressﬁre of the high-pressure pump which is the
controlled variaBle of the pump to raise fuel injection pressure by an operation of the
high-pressure pump by correlating with the mediation of the injection controlled variable
of the pump; |

wherein thé electronic control unit further includes a target fuel pressure limifing
portion which sets at least one of the upper limit value and the lower limit value of the
target pump fuel pressure of the high-pressure pump mediated By the pump control

mediation portion.

8. . A control .method of an internal combustion engine, the control method for
achieving demands concerning various kinds of functions 'of the internal combustion
engine by coordinative cont‘rolv of a plurality of actuators concerning an operation of the |
internal combustion ehginev by an electronic control unit, wherein |

the electronic control unit includes a hierarchical 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;

wherein the contrQlled variable setting level includes a fundamental injection
mediation portion and a startup injection controlled variable mediation portion;

the control method comprising:
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1) generating and outputting demand values concerning the functions of the internal
combustion engine by the demand generation level;

2) aggregating and mediating demand values expressed with predetermined physical

quantities of the demand values by ‘the physical quantity mediating level;

3) setting controlled variables of the actuators based on the mediated demand values
‘by the controlled variable setting level; |

4) of the demand values nutput ffom the demand generation leVél, aggregating and
mediating demand yalﬁes expressed with the controlled variables of the actuators for
each of the controlled Va?iables by the controlled variable mediating level;

5) of the demé.nd values output from the controlled variable mediation level,
transmitting the demand values expressed with the controlled §ariable of the actuators
to the controlled variable mediation level not through the physinal quantity mediation
level,

6) C%uring a driving of the internal combustion engine, mediating the controlled
variables of the injections concerning an opcration of at least one of the \ﬁ\iel injéqtion
valves which is one of the actuatofs by the fundamental injection control mediation
portion contained in the controlled variable mediation lével, and

~ 7) mediating the controlled variables of tné injections upon startup of the internal
combustion engine by the startup injection control mediation portion contained in- the

controlled variable mediation level.
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International application No
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A. CLASSIFICATION OF SUBJECT MATTER

INV. FO02D41/30
ADD. FO02D41/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO2D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

28 April 2010 (2010-04-28)
paragraphs [0008], [0011]

28 April 2010 (2010-04-28)
paragraphs [0007],

4 May 2011 (2011-05-04)
paragraphs [0008] - [0015]

[0009] - [0013]

X EP 2 180 170 Al (TOYOTA MOTOR CO LTD [JP]) 1-8

X EP 2 180 169 Al (TOYOTA MOTOR CO LTD [JP]) 1-8

X WO 2009/087844 A2 (TOYOTA MOTOR CO LTD 1-8
[JP]; OHTSUKA KAORU [JP]; TANAKA HIROYUKI
[JP]; KA) 16 July 2009 (2009-07-16)

page 3, line 20 - page 6, line 11

X EP 2 317 106 Al (TOYOTA MOTOR CO LTD [JP]) 1-8

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.
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"E" earlier application or patent but published on or after the international
filing date
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cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family
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11 June 2014

Date of mailing of the international search report
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Name and mailing address of the ISA/
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International application No.
INTERNATIONAL SEARCH REPORT PCT/1B2014/000430
BoxNo.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. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. Izl Claims Nos.: 1'8(part1a]]Y)

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. |:| 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.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 1-8(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.
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