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Control system for internal combustion engine

In a system for controlling an internal combus-

tion engine (12) mounted on a vehicle (10) and having
an actuator (44) that drives a throttle valve (24) installed
in an intake pipe (22) of the engine, it is configured to
comprise a throttle opening sensor (52) that produces an
output indicative of opening of the throttle valve (24), and
to determine an output of the throttle opening sensor (52)
at a time when the throttle valve (24) is driven to a fully-
closed position by the actuator as a full-close reference
TPS_fully_close; determine a full-open reference TPS_
wot corresponding to a fully-opened position of the throt-
tle valve (24) based on the determined full-close refer-
ence; and control the operation of the actuator (44) such
that the throttle valve opening becomes a desired value
that is determined within a range defined by the full-close
reference and the full-open reference. With this, the full-
close reference and full-open reference can be deter-
mined accurately and promptly.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] Thisinvention relates to a control system for an
internal combustion engine, particularly to a control sys-
tem for an internal combustion engine that controls the
operation of an actuator that drives a throttle valve in-
stalled in an intake pipe of the engine mounted on a ve-
hicle such as a motorcycle.

Description of the Related Art

[0002] Inrecentyears, so-called Drive-By-Wire control
systems for internal combustion engines have been
known in which mechanical interconnection between an
accelerator and a throttle valve is omitted and the throttle
valve is driven by an actuator (electric motor). Generally,
such a system is equipped with a throttle opening sensor
that produces an output indicative of opening of the throt-
tle valve and based on the output, drives the throttle
valve. However, outputs of the throttle opening sensor
indicating the fully-closed position and fully-opened po-
sition may differ from the fully-closed and fully-opened
positions of the actual throttle valve due to variation in
location of installment of the throttle opening sensor, var-
iation in outputs attributed to respective sensor circuits,
or the like.

[0003] Inthe case where the throttle valve is driven to
the fully-closed position, for example, even when the ac-
tual throttle valve has reached the fully-closed position
and made a contact with a fully-closed end, if the throttle
opening sensor does not produce an output indicating
that the throttle valve is at the fully-closed position, the
actuator further drives the throttle valve in the closing
direction. It leads to increase in load current of the actu-
ator, resulting in waste of electric power of a battery and
other disadvantages. Therefore, it is necessary to accu-
rately know reference values (full-close reference value
and full-open reference value) of outputs of the throttle
opening sensor corresponding to the fully-closed and ful-
ly-opened positions of the actual throttle valve. Japanese
Laid-Open Patent Application No. Hei 10(1998)-169470
(’470) discloses a technique in which a throttle valve is
forcibly operated to the fully-closed position and fully-
opened position and based on outputs of a throttle open-
ing sensor at that time, a full-close reference and full-
open reference are determined.

[0004] However, since the technique in 470 is config-
ured to forcibly operate the throttle valve to fully-closed
and fully-opened positions to determine the full-close and
full-open references, time needed to determine the ref-
erence values adversely increases by time period of the
throttle valve operation.
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SUMMARY OF THE INVENTION

[0005] An object of this invention is therefore to over-
come the foregoing drawback by providing a control sys-
tem for an internal combustion engine that can determine
a full-close reference and a full-open reference of a throt-
tle opening sensor corresponding to fully-closed and ful-
ly-opened positions of an actual throttle valve, accurately
and promptly.

[0006] Inordertoachieve the object, thisinvention pro-
vides a system for controlling an internal combustion en-
gine mounted on a vehicle and having an actuator that
drives a throttle valve installed in an intake pipe of the
engine, characterized by: a throttle opening sensor that
produces an output indicative of opening of the throttle
valve; a full-close reference determiner that determines
an output of the throttle opening sensor at a time when
the throttle valve is driven to a fully-closed position by
the actuator as a full-close reference; a full-open refer-
ence determiner that determines a full-open reference
corresponding to a fully-opened position of the throttle
valve based on the determined full-close reference; and
an actuator controller that controls the operation of the
actuator such that the throttle valve opening becomes a
desired value that is determined within a range defined
by the full-close reference and the full-open reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above and other objects and advantages
of the invention will be more apparent from the following
description and drawings in which:

FIG 1 is an overall view schematically showing a
control system for an internal combustion engine ac-
cording to a first embodiment of this invention;

FIG. 2 is a flowchart showing the operation of the
control system shown in FIG. 1;

FIG. 3 is a graph showing the characteristics of an
output of a throttle opening sensor with respect to
throttle opening of the engine shown in FIG. 1;
FIG. 4 is a time chart showing time period needed
for determining a full-close reference and full-open
reference in the control system shown in FIG. 1, in
comparison with the prior art;

FIG. 5 is a flowchart for showing the operation of a
control system for an internal combustion engine ac-
cording to a second embodiment of this invention;
FIG. 6 is a flowchart similar to a part of FIG. 5 but
showing the operation of a control system for an in-
ternal combustion engine according to a third em-
bodiment;

FIG. 7 is a former half of a flowchart for showing the
operation of a control system for an internal combus-
tion engine according to a fourth embodiment; and
FIG. 8 is a latter half of the flowchart shown in FIG. 7.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0008] A control system for an internal combustion en-
gine according to preferred embodiments of the present
invention will now be explained with reference to the at-
tached drawings.

[0009] FIG 1 is an overall view schematically showing
a control system for an internal combustion engine ac-
cording to a first embodiment of this invention.

[0010] In FIG 1, reference numeral 10 designates a
saddle-seat vehicle, specifically a motorcycle. The mo-
torcycle 10 is mounted with an internal combustion en-
gine 12 and equipped with a handlebar 14 attached to
the upper end of a telescopic fork (not shown) of a front
wheel and other equipment. The engine 12 is a 4-cycle,
single-cylinder, water-cooled gasoline engine having a
displacement of 250 cc or thereabout.

[0011] The right end of the handlebar 14 (as viewed
by the operator or driver) is equipped with an accelerator
16, precisely an accelerator 16 constituted as a throttle
grip to be operable by the operator, and with a front wheel
brake lever 20 to be operable by the operator. The front
wheel brake lever 20 is mechanically connected to a front
wheel brake through a hydraulic cylinder (neither shown).
When operated (gripped) by the operator, it operates the
front wheel brake to brake the front wheel. The left end
of the handlebar 14 is equipped with a grip that the op-
erator can grip and with a clutch lever, butthey are neither
explained nor illustrated here, since not directly related
to the gist of this invention.

[0012] A throttle valve 24 installed in an air intake pipe
22 (partially shown in FIG. 1) of the engine 12 regulates
the amount of intake air passing through the air intake
pipe 22. A default spring (not shown) or the like is at-
tached to the throttle valve 24 and when the throttle valve
24 is not driven by an electric motor which will be ex-
plained later (e.g., when the motor is not supplied with
power), it urges the throttle valve 24 to a default opening
position (initial position; about 3 degrees when full open-
ing is about 90 degrees).

[0013] Aninjector (not shown)is installed downstream
of the throttle valve 24 in the air intake pipe 22 forinjecting
gasoline fuel into the intake air regulated by the throttle
valve 24. The fuel injected by the injector mixes with in-
take air to form an air-fuel mixture that flows into a com-
bustion chamber 30 when an intake valve 26 opens.
[0014] The air-fuel mixture flowing into the combustion
chamber 30 is ignited to burn by a spark discharge from
a spark plug 32 supplied with high voltage from an ignition
coil (not shown), thereby driving a piston 34 downward
in FIG 1 to rotate a crankshaft 36. When an exhaust valve
40 opens, the exhaust gas produced by the combustion
passes through an exhaust pipe, catalyst for removing
harmful components of the exhaust gas (neither shown)
and the like to be discharged outside the engine 12.
[0015] As shown in FIG 1, the throttle valve 24 is me-
chanically separated from the accelerator (throttle grip)
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16. Specifically, the throttle valve 24 is connected to the
electric motor (actuator; now assigned by 44) through a
reduction gear mechanism 42 to be driven (opened/
closed) by the operation of the motor 44. The motor 44
is constituted of a three-phase brushless DC motor hav-
ing a rotor, stator and the like. The throttle valve 24 is
thus operated by a DBW (Drive-By-Wire) system using
the motor 44.

[0016] A hall sensor or rotor position sensor 50 having
hall elements attached near the rotor is provided at the
motor 44 and produces an output or signal in response
to a position of the rotor. A throttle opening sensor 52
constituted of a variable resistance potentiometer is pro-
vided near the throttle valve 24 and produces an output
TPSAD [V] indicative of the actual opening of the throttle
valve 24 (hereinafter called the "actual throttle opening")
between around 0 degree and around 90 degrees. The
throttle opening sensor 52 is configured so that its output
TPSAD increases with increasing opening of the throttle
valve 24, precisely, they are directly proportional.
[0017] Anaccelerator opening sensor 54 similarly con-
stituted of a variable resistance potentiometer is provided
near the accelerator 16 and produces an output APSAD
[V]in response to the actual opening of the accelerator
16 (more exactly, the amount of rotation of the throttle
grip). The opening of the accelerator 16 is set to a value
corresponding to throttle opening near 0 degree as the
initial position and to throttle opening near 90 degrees at
full rotation. When the accelerator 16 is at the initial po-
sition, i.e., is not operated by the operator, the accelerator
opening sensor 54 outputs voltage of a predetermined
amount (e.g., 0.7 [V]) and its output APSAD increases
with increasing rotation amount of the accelerator 16.
[0018] Anintake air pressure sensor or absolute pres-
sure sensor 56 installed at an appropriate position of the
air intake pipe 22 produces an output or signal indicative
of the absolute pressure in the air intake pipe 22 (engine
load). A coolant temperature sensor 60 attached to a
coolant passage (not shown) of the cylinder block of the
engine 12 produces an output or signal corresponding
to the engine coolant temperature. A crank angle sensor
62 installed near the crankshaft 36 of the engine 12 out-
puts a pulse signal at a predetermined crank angle.
[0019] The motorcycle 10 is further equipped with an
engine controller 64 that controls fuel injection and the
like of the engine 12 and a throttle valve controller 66 that
controls the operation of the throttle valve 24, precisely,
the motor 44. The controllers 64, 66 are connected to a
battery 72 through an ignition switch 70 to be supplied
with operating power.

[0020] The engine controller 64 comprises a plurality
of detection circuits electrically connected to the above-
mentioned accelerator opening sensor 54 and the like
for detecting sensor outputs and a microprocessor (MPU)
64a that produces an output or signal used for controlling
the operation of the injector and other outputs based on
the sensor outputs detected by the detection circuits.
[0021] As shown in FIG. 1, the output APSAD of the
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accelerator opening sensor 54 is inputted to the MPU
64a through an accelerator opening sensor output de-
tection circuit 64b and is Analog-to-Digital converted. The
A/D converted value is transformed using a suitable char-
acteristic curve to obtain a value corresponding to a throt-
tle opening value between about 0 degree and about 90
degrees, specifically transformed to accelerator opening
APS (i.e., the accelerator opening APS is calculated or
detected).

[0022] The output TPSAD of the throttle opening sen-
sor 52 is inputted to the MPU 64a through a throttle open-
ing sensor output detection circuit 64c and is Analog-to-
Digital converted. The A/D converted value is trans-
formed using a suitable characteristic curve to obtain a
value corresponding to the opening of the throttle valve
24 between about 0 degree and about 90 degrees, spe-
cifically transformed to actual throttle opening TPS (i.e.,
the actual throttle opening TPS is calculated or detected).
[0023] The MPU 64a is also inputted with the output
of the intake air pressure sensor 56 through an intake air
pressure sensor output detection circuit 64d and with the
output of the coolant temperature sensor 60 through a
coolant temperature sensor output detection circuit 64e,
and the inputted outputs are Analog-to-Digital converted
to be transformed to an intake air pressure PBA and cool-
ant temperature (engine temperature) TW, respectively
(i.e., the intake air pressure PBA and coolanttemperature
TW are calculated). Further, the output of the crank angle
sensor 62 is inputted to the MPU 64a through a crank
angle sensor output detection circuit 64f and the inputted
output is counted to calculate engine speed NE.

[0024] Upon turning-on of the ignition switch 70 by the
operator, the battery 72 is connected to a battery voltage
detection circuit 64h through a power circuit 64g that sup-
plies operating power to the MPU 64a. The output of the
battery voltage detection circuit 64h is also sent to the
MPU 64a. Based on the outputs of the battery voltage
detection circuit 64h and the like, the MPU64a deter-
mines whether the battery 72 is capable of driving the
motor 44, e.g., whether the voltage of the battery 72 is
equalto or greater than predetermined voltage, and when
itis discriminated to be capable, outputs an enable signal.
[0025] On the other hand, the throttle valve controller
66 comprises a MPU 66a that produces an output or sig-
nal used for controlling the operation of the motor 44 and
other outputs based on the outputs of the rotor position
sensor 50 and the like. As illustrated, the MPUG6a is con-
nected to the MPU 64a of the engine controller 64 to be
able to communicate each other through a CAN (Con-
troller Area Network), specifically, connected so as to
enable communication of the output APSAD of the ac-
celerator opening sensor 54, output TPSAD of the throttle
opening sensor 52 and signals indicative of the calculat-
ed accelerator opening APS, actual throttle opening TPS
and the like.

[0026] The outputs of the rotor position sensor 50 (i.e.,
hall sensor outputs of U-phase, V-phase and W-phase)
are inputted to the MPU 66a through a rotor position sen-
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sor output detection circuit 66b. Based on the output of
the rotor position sensor output detection circuit 66b, the
accelerator opening APS forwarded from the MPU 64a
and the like, the MPU 66a outputs signals (i.e., U-phase,
V-phase and W-phase outputs) used for controlling the
operation of the motor 44 to the motor drive circuit 66c¢.
Specifically, the MPU 66a determines or calculates de-
sired throttle opening (desired value) of the throttle valve
24 based on operating condition such as the accelerator
opening APS and produces the signals for controlling the
operation of the motor 44.

[0027] The throttle valve controller 66 is further
equipped with a power circuit 66d that supplies operating
power from the battery 72 to the MPU 66a and motor 44
upon turning-on of the ignition switch 70, and a battery
voltage detection circuit 66e connected to the power cir-
cuit 66d to detect the voltage of the battery 72. The output
of the battery voltage detection circuit 66e is sent to the
MPU 66a. Based on the inputted output and the like, the
MPU 66a determines whether the battery 72 is capable
of driving the motor 44, e.g., whether the voltage of the
battery 72 is equal to or greater than the predetermined
voltage, and when it is discriminated to be capable, out-
puts an enable signal.

[0028] The enable signal from the MPU 66a and the
above-mentioned enable signal from the MPU 64a are
sent to an AND circuit 66f. When the two enable signals
are inputted, specifically when it is discriminated in the
both MPUs 64a, 66a that the battery 72 is capable of
driving the motor 44, the AND circuit 66f outputs a Hi-
level signal to close an enable relay 66g and supplies
motor drive voltage from the power circuit 66d to the mo-
tor drive circuit 66c¢.

[0029] When supplied with the motor drive voltage
from the power circuit 66d, i.e., when the enable relay
669 is closed, based on the outputs of the MPU 663, the
motor drive circuit 66¢ sends outputs to the coil (U-, V-,
W-phases) of the motor 44.

[0030] FIG. 2 is a flowchart showing the operation of
the control system according to the firstembodiment. The
illustrated program is executed only once by the throttle
valve controller 66 or the like upon starting of the engine
12 (precisely, turning-on of the ignition switch 70 by the
operator).

[0031] In S10, it is determined whether the throttle
opening sensor 52 is abnormal. This determination is
made based on the outputs of the throttle opening sensor
output detection circuit 64c and the like. When the result
in S10is YES, the remaining steps are skipped and when
the result is NO, the program proceeds to S12, in which
it is determined whether the accelerator opening sensor
54 is abnormal. This determination is made based on the
outputs of the accelerator opening sensor output detec-
tion circuit 64b and the like. When the result in S12 is
YES, the remaining steps are skipped and when the re-
sult is NO, the program proceeds to S14.

[0032] In S 14, the output APSAD of the accelerator
opening sensor 54 is obtained or detected and in S16, it
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is determined whether the obtained output APSAD is the
predetermined amount. Since, as explained above, the
predetermined amount is voltage outputted at the time
when the accelerator 16 is not operated by the operator
and remains at the initial position, the processing of S 16
amounts to determining whether the accelerator 16 is at
an accelerator fully-closed position (initial position).
[0033] When the result in S16 is YES, the program
proceeds to S 18, in which the output TPSAD of the throt-
tle opening sensor 52 is obtained or detected. Precisely,
in S 18, the output TPSAD of the throttle opening sensor
52 corresponding to a position of the throttle valve 24 at
the time when the throttle valve 24 is not driven by the
motor 44 (the motor 44 is not supplied with power) and
the accelerator 16 is at the accelerator fully-closed posi-
tion, in other words, when the throttle valve 24 is at the
initial opening (default opening), is obtained.

[0034] Next,in S20, the obtained output TPSAD is de-
termined as an initial reference (TPS default value) TPS_
default. In the output of the throttle opening sensor 52,
the initial reference means a reference value that corre-
sponds to the initial opening (initial position) of the throttle
valve 24. Thus the output TPSAD of the throttle opening
sensor 52 corresponding to a position of the throttle valve
24 when not driven by the motor 44 is defined as the
initial reference TPS_default.

[0035] On the other hand, when the result in S16 is
NO, i.e., the output APSAD is greater than the predeter-
mined amount and the accelerator 16 is discriminated
not to be at the accelerator fully-closed position, the pro-
gram proceeds to S22, in which a predetermined initial
reference (i.e., an initial reference determined in the pre-
ceding loop or a default value (initial value)) stored in the
MPU 66a is defined as the initial reference TPS_default.
[0036] In S24, it is determined whether voltage of the
battery 72 is equal to or greater than the predetermined
voltage. This determination is made based on the pres-
ence/absence of the enable signal from the MPUs 64a,
66a.

[0037] When the result in S24 is YES, the program
proceeds to S26, in which the motor 44 is supplied with
the motor drive voltage of the battery 72, i.e., the motor
44 is supplied with power, to S28, in which the throttle
valve 24 is forcibly driven to the closing direction, specif-
ically the motor 44 is operated to drive the throttle valve
24 inthe closing direction, and to S30, in which the output
TPSAD of the throttle opening sensor 52 is obtained.
[0038] In S32, it is determined whether the throttle
valve 24 has reached the fully-closed position, i.e., has
been driven to the fully-closed position by the motor 44.
This determination is made by checking whether a min-
imum value TPSADmin of the output of the throttle open-
ing sensor 52 is updated. Specifically, the (latest) output
TPSAD of the throttle opening sensor 52 obtained last
time and the minimum value TPSADmin among the out-
puts of the throttle opening sensor 52 obtained up to that
time are compared in an unshown program and when
the output TPSAD is less than the minimum value TP-
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SADmin, the latest output TPSAD is newly defined as
the minimum value TPSADmin. An initial value of the
minimum value TPSADmin is experimentally defined be-
forehand.

[0039] With this, when the minimum value TPSADmin
is updated, it means that the throttle valve 24 is driven
to the closing direction, so it can be discriminated to have
not reached the fully-closed position and when the min-
imum value TPSADmin is not updated, it means that
movement of the throttle valve 24 to the closing direction
is stopped, so it can be discriminated to have reached
the fully-closed position and made a contact with a fully-
closed end. Thus determination whether the throttle valve
24 is driven to the fully-closed position is made not by
using a current sensor detecting current of the motor 44
or the like, but based on the output TPSAD of the throttle
opening sensor 52.

[0040] When the result in S32 is NO, i.e., the throttle
valve 24 has not reached the fully-closed position yet,
the program returns to the steps of S28 and S30, in which
the throttle valve 24 is driven to the closing direction fur-
ther and the output TPSAD of the throttle opening sensor
52 is obtained again. When the resultin S32 is YES, the
program proceeds to S34, in which the (latest) output
TPSAD of the throttle opening sensor 52 obtained last
timeis defined as a full-close reference (areference value
of the throttle opening sensor 52 corresponding to the
fully-closed position of the throttle valve 24; TPS lower
limit value) TPS_fully_close. Thus the output TPSAD of
the throttle opening sensor 52 when the throttle valve 24
is driven to the fully-closed position by the motor 44 is
determined as the full-close reference TPS_fully_close.
[0041] When the result in S24 is NO, i.e., the voltage
of the battery 72 is below the predetermined voltage,
since the battery 72 cannot drive the throttle valve 24 to
the closing direction, the program proceeds to S36, in
which a predetermined full-close reference (i.e., a full-
close reference determined in the preceding loop or a
default value (initial value)) stored in the MPU 66a is de-
fined as the full-close reference TPS_fully_close.
[0042] Next, in S38, the initial opening (about 3 de-
grees) of the throttle valve 24 is set or determined as
throttle initial opening TH_default, and in S40, the full
opening (about 90 degrees) of the throttle valve 24 is set
as throttle full opening TH_wot. The foregoing initial
opening and full opening of the throttle valve 24 are set
values (characteristic values) uniquely owned by the
throttle body including the throttle valve 24 and stored in
the MPU 66a.

[0043] The program proceeds to S42, in which, based
on the characteristics of the throttle opening sensor 52
obtained from the determined initial reference TPS_de-
faultand full-close reference TPS_fully_close, afull-open
reference (a reference value of the throttle opening sen-
sor 52 corresponding to the fully-opened position of the
throttle valve 24; TPS upper limit value) TPS_wot corre-
sponding to the fully-opened position (TH_wot) of the
throttle valve 24 is determined.
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[0044] The determination of the full-open reference
TPS_wot is explained. Since the output of the throttle
opening sensor 52 is directly proportional to a position
of the throttle valve 24 (i.e., the throttle opening), as
shown in FIG. 3, if the initial reference TPS_default that
is the sensor output when the throttle valve 24 is at the
throttle initial opening TH_default and the full-close ref-
erence TPS_fully_close that is the sensor output when
the throttle valve 24 is at the fully-closed position (when
the throttle opening is zero in FIG. 3) are determined, the
output characteristics (sensor model) of the throttle open-
ing sensor 52 can be obtained as indicated by the
dashed-dotted line in FIG. 3.

[0045] Therefore, applyingthe throttle fullopening TH_
wot defined in S40 to the output characteristics of the
throttle opening sensor 52, the full-open reference TPS_
wot corresponding to the fully-opened position (throttle
full opening TH_wot) of the throttle valve 24 can be de-
termined or estimated. More specifically, the full-open
reference TPS_wot is obtained in accordance with the
following Equation 1.

TPS_wot [V] = ((TPS_default - TPS_fully_close)

/ TH_default) x TH_wot + TPS_fully_close ...Eq. 1
[0046] Specifically, a difference obtained by subtract-
ing the full-close reference TPS_fully_close from the in-
itial reference TPS_default is divided by the throttle initial
opening TH_default (i.e., a change amount of the sensor
outputis divided by a change amount of the throttle open-
ing), and a value obtained by multiplying the result by the
throttle full opening TH_wot is added with the full-close
reference TPS_fully_close, whereby the full-open refer-
ence TPS_wot is obtained. In Equation 1, although the
throttle initial opening TH_default is used as a change
amount of the throttle opening, itis only because the fully-
closed opening of the throttle valve 24 is 0 degree and
in other cases, a difference obtained by subtracting the
fully-closed opening of the throttle valve 24 from the throt-
tle initial opening TH_default should be used as a change
amount of the throttle opening.

[0047] Following determination of the full-close refer-
ence and full-open reference of the throttle opening sen-
sor 52 as stated in the foregoing, based on the operating
condition such as the accelerator opening APS, the de-
sired throttle opening (desired value) of the throttle valve
24 is determined within a range defined by the full-close
reference and full-open reference in an unshown pro-
gram. Then the operation of the motor 44 is controlled
such that the opening of the throttle valve 24 becomes
the desired throttle opening. Thus the motor 44 is oper-
ated such that the opening of the throttle valve 24 be-
comes the desired throttle opening that is determined
within a range defined by the full-close reference TPS_
fully_close and full-open reference TPS_wot.

[0048] FIG. 4is atime chart showingtime period need-
ed for determining the full-close reference and full-open
reference in the control system according to the first em-
bodiment, in comparison with the prior art.

[0049] As shown in FIG. 4, in the system according to
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this embodiment, when the ignition switch 70 is turned
on by the operator at a time point t,, as explained, the
output of the throttle opening sensor 52 corresponding
to a position of the throttle valve 24 when not driven by
the motor 44 (i.e., when the throttle valve 24 is at the
initial opening (default position)) is defined as the initial
reference TPS_default during time period from t; to t,.
[0050] From a time point t, to t3, the throttle valve 24
is forcibly driven to the closing direction. When the throttle
valve 24 has reached the fully-closed position (t3), the
full-close reference TPS_fully_close is determined and
based on the determined initial reference TPS_default
and full-close reference TPS_fully_close, the full-open
reference TPS_wot is determined. The throttle valve 24
driven to the fully-closed position is, after that, driven in
the opening direction to start opening which is appropri-
ately set. Atatime pointt,, the processing for determining
the full-close reference TPS_fully_close and full-open
reference TPS_wot is completed.

[0051] In contrast, the prior art (a technique disclosed
by ’470) is configured to conduct the same processing
as that in this embodiment from the time point t; to t; and
atts, the full-close reference is determined. From the time
point t5 to ts, the throttle valve 24 is forcibly driven to the
opening direction and when the throttle valve 24 has
reached the fully-opened position (t5), the full-open ref-
erence is determined. After that, the throttle valve 24 is
driven in the closing direction to start opening and at t6,
the processing for determining the full-close and full-open
references finishes. Thus, in the system according to the
first embodiment, since the throttle valve 24 is not oper-
ated to the fully-opened position, the time period needed
to determine the full-close and full-open references can
be shortened by a period for conducting extra operation
(i.e., time period from t, to tg).

[0052] As stated in the foregoing, the first embodiment
is configured to have a system for (and method of) con-
trolling an internal combustion engine (12) mounted on
a vehicle (10) and having an actuator (44) that drives a
throttle valve (24) installed in an intake pipe (22) of the
engine, characterized by: a throttle opening sensor (52)
that produces an output indicative of opening of the throt-
tle valve (24); a full-close reference determiner that de-
termines an output of the throttle opening sensor at a
time when the throttle valve is driven to a fully-closed
position by the actuator as a full-close reference TPS_
fully_close (throttle valve controller 66, S34); a full-open
reference determiner that determines a full-open refer-
ence TPS_wot corresponding to a fully-opened position
(throttle full opening TH_wot) of the throttle valve based
on the determined full-close reference (throttle valve con-
troller 66, S42); and an actuator controller that controls
the operation of the actuator such that the throttle valve
opening becomes a desired value (desired throttle open-
ing) that is determined within a range defined by the full-
closereference and the full-open reference (throttle valve
controller 66).

[0053] Since the both full-close reference TPS_fully_
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close and full-open reference TPS_wot are determined
by driving the throttle valve 24 to the fully-closed position
only, i.e., the throttle valve 24 is not driven to the fully-
opened position as in the prior art, the reference values
can be determined accurately and promptly, thereby im-
proving start-up performance of the engine 12. Further,
the motor 44 is operated such that the opening of the
throttle valve 24 becomes the desired throttle opening
that is determined within a range defined by the full-close
reference TPS_fully_close and full-open reference TPS_
wot. With this, when, for example, the throttle valve 24
has reached the fully-closed position and made a contact
with the fully-closed end, the motor 44 does not drive the
throttle valve 24 to the closing direction further, thereby
preventing disadvantages such as increase in load cur-
rent of the motor 44 and waste of electric power.
[0054] The system furtherincludes an initial reference
determiner that determines an output of the throttle open-
ing sensor (52) corresponding to a position (throttle initial
opening TH_default) of the throttle valve when not oper-
ated by the actuator (44) as an initial reference TPS_
default (throttle valve controller 66, S20), and the full-
open reference determiner determines the full-open ref-
erence TPS_wot based on characteristics of the throttle
opening sensor (52) obtained from the determined initial
reference TPS_default and the full-close reference TPS_
fully_close (S42). With this, in addition to the above ef-
fects, the full-open reference TPS_wot can be deter-
mined further accurately.

[0055] FIG.5 s aflowchart similar to FIG. 2 but show-
ing the operation of a control system for an internal com-
bustion engine according to a second embodiment of this
invention. The illustrated program is executed only once
by the throttle valve controller 66 or the like upon starting
of the engine 12 (precisely, turning-on of the ignition
switch 70 by the operator).

[0056] In S100, it is determined whether the throttle
opening sensor 52 is abnormal. This determination is
made based on the outputs of the throttle opening sensor
output detection circuit 64c¢ and the like. When the result
in S100 is YES, the remaining steps are skipped and
when the result is NO, the program proceeds to S102, in
which it is determined whether voltage of the battery 72
is equal to or greater than the predetermined voltage.
This determination is made based on the presence/ab-
sence of the enable signal from the MPUs 64a, 66a.
[0057] When the result in S102 is YES, the program
proceeds to S104, in which the motor 44 is supplied with
the motor drive voltage of the battery 72, i.e., the motor
44 is supplied with power, to S106, in which the throttle
valve 24 is forcibly driven to the closing direction, specif-
ically the motor 44 is controlled to drive the throttle valve
24 in the closing direction, and to S108, in which the
output TPSAD of the throttle opening sensor 52 is ob-
tained or detected.

[0058] In S110, it is determined whether the throttle
valve 24 has reached the fully-closed position, i.e., has
been driven to the fully-closed position by the motor 44.
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This determination is made, similarly to the processing
of S32 explained above, by checking whether the mini-
mum value TPSADmin of the output of the throttle open-
ing sensor 52 is updated.

[0059] When the resultin S110 is NO, i.e., the throttle
valve 24 has not reached the fully-closed position yet,
the program returns to the steps of S 106 and S108, in
which the throttle valve 24 is driven to the closing direction
further and the output TPSAD of the throttle opening sen-
sor 52 is obtained again. When the resultin S110is YES,
the program proceeds to S112, in which the (latest) out-
put TPSAD of the throttle opening sensor 52 obtained
last time is defined as a full-close reference (a reference
value of the throttle opening sensor 52 corresponding to
the fully-closed position of the throttle valve 24; TPS lower
limit value). Thus the output TPSAD of the throttle open-
ing sensor 52 when the throttle valve 24 is driven to the
fully-closed position by the motor 44 is determined as the
full-close reference.

[0060] Next, in S 114, a value obtained by adding a
first predetermined value to the determined full-close ref-
erence is defined as a full-open reference (a reference
value of the throttle opening sensor 52 corresponding to
the fully-opened position of the throttle valve 24; TPS
upper limit value) and then the program is terminated.
The first predetermined value is information on a differ-
ence (offset value) between the fully-closed position and
fully-opened position of the throttle valve 24, which is
experimentally defined beforehand, e.g., 3.6 [V].

[0061] Whentheresultin S 102is NO, i.e., the voltage
of the battery 72 is below the predetermined voltage,
since the battery 72 cannot drive the throttle valve 24 to
the closing direction, the program proceeds to S 116, in
which a predetermined full-close reference (i.e., the full-
close reference determined in the preceding loop or a
default value (initial value)) stored in the MPU 66a is de-
fined as the full-close reference. Then the processing of
S 114 is conducted, whereafter the program is terminat-
ed.

[0062] Next, time period needed for determining the
full-close reference and full-open reference in the control
system according to the second embodiment will be ex-
plained in reference to FIG. 4.

[0063] Asshownin FIG. 4, in the system according to
this embodiment, when the ignition switch 70 is turned
on by the operator atthe time pointt,, the outputindicative
of the default opening of the throttle valve 24 is obtained
or detected from of throttle opening sensor 52 during time
period from t, to t,. Then, as explained, from a time point
t, to t3, the throttle valve 24 is forcibly driven to the closing
direction. When the throttle valve 24 has reached the
fully-closed position (t3), the full-close reference and full-
open reference are determined. The throttle valve 24
driven to the fully-closed position is, after that, driven in
the opening direction to the start opening which is appro-
priately set. At a time point t4, the processing for deter-
mining the full-close reference and full-open reference is
completed.
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[0064] In contrast, the priorartis configured to conduct
the processing for determining the full-close and full-open
references from t; to tg. Thus, in the system according
to the second embodiment, since the throttle valve 24 is
not operated to the fully-opened position, the time period
needed for determining the full-close and full-open ref-
erences can be shortened by a period for conducting
extra operation (i.e., time period from t4 to tg).

[0065] The remaining configuration is the same as that
in the first embodiment.

[0066] Asstatedintheforegoing, the systemaccording
to the second embodiment is configured such that the
full-open reference determiner determines a value ob-
tained by adding afirst predetermined value (offset value)
to the determined full-close reference as the full-open
reference (S 114). With this, it becomes possible to
achieve the same effects as in the first embodiment.
[0067] A control system for an internal combustion en-
gine according to a third embodiment is explained.
[0068] FIG. 6 is a flowchart similar to FIG. 5 but show-
ing the operation of the control system according to the
third embodiment.

[0069] The explanation will be made with focus on
points of difference from the second embodiment. As
shown in FIG. 6, the third embodiment is configured to
add the processing for determining an accelerator full-
close reference and accelerator full-open reference of
the accelerator opening sensor 54. Specifically, after the
step of S 100, the program proceeds to S100a, in which
it is determined whether the accelerator opening sensor
54 is abnormal. This determination is made based on the
outputs of the accelerator opening sensor output detec-
tion circuit 64b and the like. When the result is YES, the
remaining steps are skipped and when the result is NO,
the program proceeds to S100b.

[0070] In S100b, the output APSAD of the accelerator
opening sensor 54 is obtained or detected and in S100c,
it is determined whether the obtained output APSAD is
the predetermined amount. Since the predetermined
amount is voltage outputted at the time when the accel-
erator 16 is not operated by the operator and remains at
the initial position, the processing of S100c amounts to
determining whether the accelerator 16 is at an acceler-
ator fully-closed position (initial position).

[0071] When the resultin S100c is YES, the program
proceeds to S100d, in which the output APSAD obtained
in S100b is defined as the accelerator full-close reference
(a reference value of the accelerator opening sensor 54
corresponding to the fully-closed position of the acceler-
ator 16; APS lower limit value). Thus the output APSAD
of the accelerator opening sensor 54 when the acceler-
ator 16 is not operated by the operator and at the fully-
closed position is determined as the accelerator full-close
reference.

[0072] When the resultin S100c is NO, i.e., the output
APSAD is greater than the predetermined amount and
the accelerator 16 is discriminated not to be at the accel-
erator fully-closed position, the program proceeds to
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S100e, in which a predetermined accelerator full-close
reference (i.e., an accelerator full-close reference deter-
mined in the preceding loop or a default value (initial val-
ue)) stored in the MPU 66a is defined as the accelerator
full-close reference.

[0073] Next, in S100f, a value obtained by adding an
accelerator predetermined value to the accelerator full-
close reference determined in S100d or S100e is defined
as an accelerator full-open reference (a reference value
of the accelerator opening sensor 54 corresponding to
the accelerator fully-opened position of the accelerator
16; APS upper limit value) and the above-mentioned
processing of S 102 onward are conducted. The accel-
erator predetermined value is information on a difference
(offset value) between the fully-closed position and fully-
opened position of the accelerator 16, which is experi-
mentally defined beforehand, e.g., 3.6 [V].

[0074] Following determination of the accelerator full-
close reference and accelerator full-open reference of
the accelerator opening sensor 54 as stated in the fore-
going, the operation of the motor 44 is controlled in an
unshown program such that the accelerator full-close ref-
erence and accelerator full-open reference correspond
to the full-close reference and full-open reference of the
throttle opening sensor 52, respectively.

[0075] Thusinthe control system according to the third
embodiment, it is configured to have the accelerator
opening sensor 54 that produces an output indicative of
the opening of the accelerator 16, and such that the out-
put APSAD of the accelerator opening sensor 54 when
the accelerator 16 is at the fully-closed position is deter-
mined as the accelerator full-close reference, and a value
obtained by adding the accelerator predetermined value
(offset value) to the determined accelerator full-close ref-
erence is determined as the accelerator full-open refer-
ence. With this, the accelerator full-close reference and
accelerator full-open reference can be determined accu-
rately and promptly.

[0076] The remaining configuration is the same as that
in the second embodiment.

[0077] FIG. 7 is a former half of a flowchart similar to
FIG. 2 but showing the operation of a control system for
an internal combustion engine according to a fourth em-
bodimentand FIG. 8 is a latter half thereof. The illustrated
program is executed only once by the throttle valve con-
troller 66 or the like upon starting of the engine 12 (pre-
cisely, turning-on of the ignition switch 70 by the opera-
tor).

[0078] In S200, it is determined whether the throttle
opening sensor 52 is abnormal. This determination is
made based on the outputs of the throttle opening sensor
output detection circuit 64c and the like. When the result
in S200 is YES, the remaining steps are skipped and
when the result is NO, the program proceeds to S202, in
which it is determined whether the accelerator opening
sensor 54 is abnormal. This determination is made based
on the outputs of the accelerator opening sensor output
detection circuit 64b and the like. When the resultin S202
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is YES, the remaining steps are skipped and when the
result is NO, the program proceeds to S204.

[0079] In S204, the output APSAD of the accelerator
opening sensor 54 is obtained or detected and in S206,
it is determined whether the obtained output APSAD is
the predetermined amount. Since, as explained above,
the predetermined amount is voltage outputted at the
time when the accelerator 16 is not operated by the op-
erator and remains at the initial position, the processing
of S206 amounts to determining whether the accelerator
16 is at the accelerator fully-closed position (initial posi-
tion).

[0080] When the result in S206 is YES, the program
proceeds to S208, in which the output TPSAD of the throt-
tle opening sensor 52 is obtained or detected. Precisely,
in S208, the output TPSAD of the throttle opening sensor
52 corresponding to a position of the throttle valve 24 at
the time when the throttle valve 24 is not driven by the
motor 44 (the motor 44 is not supplied with power) and
the accelerator 16 is at the accelerator fully-closed posi-
tion, in other words, when the throttle valve 24 is at the
initial opening (default opening), is obtained.

[0081] Next, in S210, the obtained output TPSAD is
defined as the initial reference (TPS default value) TPS_
default. In the output of the throttle opening sensor 52,
the initial reference means a reference value that corre-
sponds to the initial opening (initial position) of the throttle
valve 24. Thus the output TPSAD of the throttle opening
sensor 52 corresponding to a position of the throttle valve
24 when not driven by the motor 44 is defined as the
initial reference TPS_default.

[0082] On the other hand, when the result in S206 is
NO, i.e., the output APSAD is greater than the predeter-
mined amount and the accelerator 16 is discriminated
not to be at the accelerator fully-closed position, the pro-
gram proceeds to S212, in which the predetermined initial
reference (i.e., the initial reference determined in the pre-
ceding loop or a default value (initial value)) stored in the
MPU 66a is defined as the initial reference TPS_default.
[0083] Thenin S214, avoltage difference between the
initial reference TPS_default and a full-close reference
(explained later) stored in the MPU 66a is set to a second
predetermined value (TPS offset value) TPS_offset_
REF. The second predetermined value TPS_offset_ REF
is stored in the MPU 66a beforehand and, as its initial
value, a value (voltage) uniquely owned by the throttle
body including the throttle valve 24 is set, but after that,
a voltage value updated every time the full-close refer-
ence is newly defined (i.e., an updatable learning value)
is set, as explained later.

[0084] The program proceeds to S216, in which the
full-close reference (hereinafter called "full-close refer-
ence estimation value") is estimated or obtained from the
initial reference TPS_default. Specifically, a value ob-
tained by subtracting the second predetermined value
TPS_offset_REF from the initial reference TPS_default
is defined as the full-close reference estimation value
(TPS lower limit estimation value) TPS_hat_fully_close.
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[0085] In S218, a full-close reference candidate value
(TPS lower limit learning value) TPS_fully_close_REF
that is a candidate of the full-close reference is set. Spe-
cifically, the output of the throttle opening sensor 52 cor-
responding to the fully-closed position of the throttle valve
24 at engine start, which is stored in the MPU 663, is
read to be set to the full-close reference candidate value
TPS_fully_close_REF.

[0086] This embodiment is characterized in that the
sensor output at engine start is set to the full-close ref-
erence candidate value TPS_fully_close_REF. Since the
program is executed upon starting of the engine 12, the
initial reference TPS-default and full-close reference es-
timation value TPS_hat_fully_close are determined
based on the output of the throttle opening sensor 54
under temperature environment at engine start. Here,
the full-close reference candidate value TPS_fully_
close_REF is set as in the foregoing, so the full-close
reference candidate value TPS_fully_close_REF and
full-close reference estimation value TPS_hat_fully_
close can be obtained from the sensor output under the
substantially same temperature environment.

[0087] Similarly to the second predetermined value
TPS_offset_REF, the full-close reference candidate val-
ue TPS_fully_close_REF is also stored in the MPU 66a
beforehand and, as its initial value, a value (voltage)
uniquely owned by the throttle body is set, but after that,
a voltage value updated every time the full-close refer-
ence is newly defined (i.e., an updatable learning value)
is set, as explained later.

[0088] InS220, the determined full-close reference es-
timation value TPS_hat_fully_close is compared with the
full-close reference candidate value TPS_fully_close_
REF. Specifically, as illustrated, it is determined whether
an absolute value of a difference between the full-close
reference candidate value TPS_fully_close_REF and
full-close reference estimation value TPS_hat_fully_
close is equal to or less than a third predetermined value
(e.g., 0.2[V]), i.e., the values TPS_fully_close_REF and
TPS_hat_fully_close are relatively close.

[0089] When the result in S220 is YES, i.e., the full-
close reference candidate value TPS_fully_closc_REF
is discriminated to be relatively credible, the program pro-
ceeds to S222, in which the full-close reference candi-
date value TPS_fully_close_REF is determined as the
full-close reference (the reference value of the throttle
opening sensor 52 corresponding to the fully-closed po-
sition of the throttle valve 24; TPS lower limit value) TPS_
fully_close.

[0090] Whentheresultin S220isNO, i.e., the absolute
value of the difference between the full-close reference
candidate value TPS_fully_close_REF and full-close ref-
erence estimation value TPS_hat_fully_close exceeds
the third predetermined value, since it can be discrimi-
nated that credibility of the full-close reference candidate
value TPS_fully_close_REF is relatively low, the pro-
gram proceeds to S224 onward, in which the throttle
valve 24 is actually (forcibly) driven to the fully-closed
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position and the output of the throttle opening sensor 54
at that time is determined as the full-close reference
TPS_fully_close.

[0091] Specifically, in S224, it is determined whether
voltage of the battery 72 is equal to or greater than the
predetermined voltage. This determination is made
based on the presence/absence of the enable signal from
the MPUs 64a, 66a.

[0092] When the result in S224 is YES, the program
proceeds to S226, in which the motor 44 is supplied with
the motor drive voltage of the battery 72, i.e., the motor
44 is supplied with power, to S228, in which the throttle
valve 24 is forcibly driven to the closing direction, specif-
ically the motor 44 is controlled to drive the throttle valve
24 in the closing direction, and to S230, in which the
output TPSAD of the throttle opening sensor 52 is ob-
tained.

[0093] In S232, it is determined whether the throttle
valve 24 has reached the fully-closed position, i.e., has
been driven to the fully-closed position by the motor 44.
This determination is made, similarly to the processing
of S32 explained above, by checking whether the mini-
mum value TPSADmin of the output of the throttle open-
ing sensor 52 is updated.

[0094] When the resultin S232 is NO, i.e., the throttle
valve 24 has not reached the fully-closed position yet,
the program returns to the steps of S228 and S230, in
which the throttle valve 24 is driven to the closing direction
further and the output TPSAD of the throttle opening sen-
sor 52 is obtained again. When the resultin S232is YES,
the program proceeds to S234, in which the (latest) out-
put TPSAD of the throttle opening sensor 52 obtained
last time is defined as the full-close reference TPS_fully_
close. Thus, when the absolute value of the difference
between the full-close reference candidate value TPS_
fully_close_REF and full-close reference estimation val-
ue TPS_hat_fully_close exceeds the third predetermined
value, the output TPSAD of the throttle opening sensor
52 when the throttle valve 24 is driven to the fully-closed
position by the motor 44 is determined as the full-close
reference TPS_fully_close.

[0095] Upon newly determining of the full-close refer-
ence TPS_fully_close in S234, as explained above, the
full-close reference candidate value TPS_fully_close_
REF and second predetermined value TPS_offset_ REF
are updated. Specifically, in S236, the full-close refer-
ence candidate value TPS_fully_close_REF is updated
with the full-close reference TPS_fully_close newly de-
termined and in S238, the second predetermined value
TPS_offset_REF is updated with a value obtained by
subtracting the newly-determined full-close reference
TPS_fully_close from the initial reference TPS_default,
thereby preparing for the next program. Thus, when the
absolute value of the difference between the full-close
reference candidate value TPS_fully_close_REF and
full-close reference estimation value TPS_hat_fully_
close exceeds the third predetermined value, the second
predetermined value TPS_offset_REF is updated.
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[0096] When the resultin S224 is NO, i.e., the voltage
of the battery 72 is below the predetermined voltage,
since the battery 72 cannot drive the throttle valve 24 to
the closing direction, the program proceeds to S222, in
which the full-close reference candidate value TPS_
fully_close_REF stored in the MPU 66a is determined as
the full-close reference TPS_fully_close.

[0097] Next, in S240, the initial opening (about 3 de-
grees) of the throttle valve 24 is set or determined as the
throttle initial opening TH_default, and in S242, the full
opening (about 90 degrees) of the throttle valve 24 is set
as the throttle full opening TH_wot. The foregoing initial
opening and full opening of the throttle valve 24 are set
values (characteristic values) uniquely owned by the
throttle body and stored in the MPU 66a.

[0098] The program proceeds to S244,inwhich, based
atleaston the determined full-close reference TPS_fully_
close, more precisely, based on the characteristics of the
throttle opening sensor 52 obtained from the initial refer-
ence TPS_default and full-close reference TPS_fully_
close, the full-open reference (the reference value of the
throttle opening sensor 52 corresponding to the fully-
opened position of the throttle valve 24; TPS upper limit
value) TPS_wot corresponding to the fully-opened posi-
tion (TH_wot) of the throttle valve 24 is determined.
[0099] The explanation on determination of the full-
open reference TPS_wot is omitted as the processing is
similar to the step of S42.

[0100] The remaining configuration is the same as that
in the foregoing embodiments.

[0101] Asstatedintheforegoing, the systemaccording
to the fourth embodiment includes a full-close reference
estimation value determiner that determines an output
of the throttle opening sensor (52) corresponding to a
position (throttle initial opening TH_default) of the throttle
valve (24) when not operated by the actuator or electric
motor (44) as an initial reference TPS_default (S210) and
determines a value obtained by subtracting a second pre-
determined value TPS_offset_ REF from the determined
initial reference as a full-close reference estimation value
TPS_hat_fully_close (throttle valve controller 66, S216);
and a comparator that compares the determined full-
close reference estimation value with a full-close refer-
ence candidate value TPS_fully_close_REF corre-
sponding to the fully-closed position of the throttle valve
(24) at starting of the engine (12) (throttle valve controller
66, S220), and the full-close reference determiner deter-
mines the full-close reference candidate value as the full-
close reference TPS_fully_close when a difference be-
tween the full-close reference estimation value and the
full-close reference candidate value is equal to or less
than a third predetermined value (S222), and determines
an output of the throttle opening sensor (52) at a time
when the throttle valve (24) is driven to the fully-closed
position by the actuator (44) as the full-close reference
when the difference is greater than the third predeter-
mined value (S234).

[0102] Since the full-close reference estimation value
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TPS_hat_fully_close is compared with the full-close ref-
erence candidate value (which is stored beforehand and
is the sensor output under the substantially same tem-
perature environment (operating condition) where the
full-close reference estimation value is determined)
TPS_fully_close_REF at engine start, it becomes possi-
ble to prevent the output of the throttle opening sensor
52 from being affected by variance in temperature envi-
ronment. Further, it is configured such that, when a dif-
ference between the full-close reference candidate value
and full-close reference estimation value is equal to or
less than the third predetermined value, the full-close ref-
erence candidate value is determined as the full-close
reference TPS_fully_close. In other words, when the dif-
ference is at or below the third predetermined value, the
full-close reference candidate value is discriminated to
be relatively credible and is determined as the full-close
reference without driving the throttle valve 24 to the fully-
closed position. With this, the full-close reference can be
determined accurately and promptly and, compared to a
technique that drives a throttle valve every time ignition
is turned off, power consumption can be reduced.
[0103] Further, itis configured such that, when the dif-
ference exceeds the third predetermined value, credibil-
ity of the full-close reference candidate value is discrim-
inated to be relatively low and, only in this case, throttle
valve 24 is driven to the fully-closed position to determine
the full-close reference. With this, the full-close reference
can be determined further accurately.

[0104] The system furtherincludes a second predeter-
mined value updater that updates the second predeter-
mined value TPS_offset_REF with a value obtained by
subtracting the full-close reference TPS_fully_close from
the initial reference TPS_default when the difference be-
tween the full-close reference estimation value TPS_
hat_fully_close and the full-close reference candidate
value TPS_fully_close_REF is greater than the third pre-
determined value (throttle valve controller 66, S238).
With this, the second predetermined value can be updat-
ed to correspond to the full-close reference newly deter-
mined, thereby enabling to accurately determine the full-
close reference estimation value that is obtained based
on the second predetermined value.

[0105] Further, the full-open reference determiner de-
termines the full-openreference TPS_wot corresponding
to the fully-opened position (throttle full opening TH_wot)
of the throttle valve (24) based on characteristics of the
throttle opening sensor (52) obtained from the initial ref-
erence TPS_default and the full-close reference TPS_
fully_close (S244). Since it is configured such that the
full-open reference is determined without driving the
throttle valve to the fully-opened position as in the tech-
nique of '470, due to cutting of the time taken to drive the
throttle valve to the fully-opened position, the full-opening
reference can be promptly determined.

[0106] Itshould be noted thatthe motorcycle 10is used
as an example of a saddle-seat vehicle on which the en-
gine 12 is mounted, but it is not limited thereto and can
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be another type of saddle-seat vehicle such as a scooter,
ATV (All Terrain Vehicle) or the like, a seat or saddle of
which the operator straddles, or any other type of vehicle.
[0107] It should also be noted that the engine 12 can
be a multi-cylinder engine such as a twin-cylinder engine
in place of a single-cylinder engine.

[0108] It should also be noted that, although the dis-
placement of the engine 12, throttle initial opening TH_
default, throttle full opening TH_wot, first and third pre-
determined values and the like are indicated with specific
values, they are only examples and not limited thereto.
[0109] Itshould further be noted that, in the first to third
embodiments, although the full-close and full-open ref-
erences and accelerator full-close and full-open refer-
ences are determined upon starting of the engine 12,
they can be determined upon stopping of the engine 12
or at another timing.

[0110] It should further be noted that, in the fourth em-
bodiment, although the full-open reference TPS_wot is
determined based on the characteristics of the throttle
opening sensor 52 obtained from the initial reference
TPS_default and full-close reference TPS_fully_close, a
value obtained by adding a predetermined value to the
full-close reference TPS_fully_close can be used as the
full-open preference TPS_wot instead, for example.

Claims

1. A system for controlling an internal combustion en-
gine (12) mounted on a vehicle (10) and having an
actuator (44) that drives a throttle valve (24) installed
in an intake pipe (22) of the engine, characterized
by:

a throttle opening sensor (52) that produces an
output indicative of opening of the throttle valve;
a full-close reference determiner that deter-
mines an output of the throttle opening sensor
at a time when the throttle valve is driven to a
fully-closed position by the actuator as a full-
close reference TPS_fully_close (66, S34);

a full-open reference determiner that deter-
mines a full-open reference TPS_wot corre-
sponding to a fully-opened position of the throttle
valve based on the determined full-close refer-
ence (66, S42); and

an actuator controller that controls the operation
of the actuator such that the throttle valve open-
ing becomes a desired value that is determined
within arange defined by the full-close reference
and the full-open reference (66).

2. The system according to claim 1, further including:
an initial reference determiner that determines

an output of the throttle opening sensor corre-
sponding to a position of the throttle valve when
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not operated by the actuator as an initial refer-
ence TPS_default (66, S20),

and the full-open reference determiner deter-
mines the full-open reference based on charac-
teristics of the throttle opening sensor obtained
from the determined initial reference and the full-
close reference (S42).

The system according to claim 1, wherein the full-
open reference determiner determines a value ob-
tained by adding a first predetermined value to the
determined full-close reference as the full-open ref-
erence (S 114).

The system according to claim 1, further including:

afull-close reference estimation value determin-
er that determines an output of the throttle open-
ing sensor corresponding to a position of the
throttle valve when not operated by the actuator
as an initial reference TPS_default (S210) and
determining a value obtained by subtracting a
second predetermined value TPS_offset_ REF
from the determined initial reference as a full-
close reference estimation value TPS_hat_
fully_close (66, S216); and

acomparator that compares the determined full-
closereference estimation value with afull-close
reference candidate value TPS_fully_close_
REF corresponding to the fully-closed position
of the throttle valve at starting of the engine (66,
S220),

and the full-close reference determiner deter-
mines the full-close reference candidate value
as the full-close reference when a difference be-
tween the full-close reference estimation value
and the full-close reference candidate value is
equal to orless than a third predetermined value
(S222), and determines an output of the throttle
opening sensor at a time when the throttle valve
is driven to the fully-closed position by the actu-
ator as the full-close reference when the differ-
ence is greater than the third predetermined val-
ue (S234).

5. The system according to claim 4, further including:

a second predetermined value updater that up-
dates the second predetermined value with a
value obtained by subtracting the full-close ref-
erence from the initial reference when the differ-
ence between the full-close reference estima-
tion value and the full-close reference candidate
value is greater than the third predetermined val-
ue (66, S238).

6. The system according to claim 4 or 5, wherein the

full-open reference determiner determines the full-
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open reference based on characteristics of the throt-
tle opening sensor obtained from the initial reference
and the full-close reference (S244).

A method of controlling an internal combustion en-
gine (12) mounted on a vehicle (10) and having an
actuator (44) that drives a throttle valve (24) installed
in an intake pipe (22) of the engine and a throttle
opening sensor (52) that produces an output indic-
ative of opening of the throttle valve, characterized
by:

determining an output of the throttle opening
sensor at a time when the throttle valve is driven
to a fully-closed position by the actuator as a
full-close reference TPS_fully_close (66, S34);
determining a full-open reference TPS_wot cor-
responding to a fully-opened position of the
throttle valve based on the determined full-close
reference (66, S42); and

controlling the operation of the actuator such
that the throttle valve opening becomes a de-
sired value that is determined within a range de-
fined by the full-close reference and the full-open
reference (66).

The method according to claim 7, further including
the step of:

determining an output of the throttle opening
sensor corresponding to a position of the throttle
valve when not operated by the actuator as an
initial reference TPS_default (66, S20),

and the step of full-open reference determining
determines the full-open reference based on
characteristics of the throttle opening sensor ob-
tained from the determined initial reference and
the full-close reference (S42).

The method according to claim 7, wherein the step
of full-open reference determining determines a val-
ue obtained by adding a first predetermined value to
the determined full-close reference as the full-open
reference (S 114).

The method according to claim 7, further including
the steps of:

determining an output of the throttle opening
sensor corresponding to a position of the throttle
valve when not operated by the actuator as an
initial reference TPS_default (S210) and deter-
mining a value obtained by subtracting a second
predetermined value TPS_offset_REF from the
determined initial reference as a full-close ref-
erence estimation value TPS_hat_fully_close
(66, S216); and

comparing the determined full-close reference
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estimation value with a full-close reference can-
didate value TPS_fully_close_REF correspond-
ing to the fully-closed position of the throttle
valve at starting of the engine (66, S220),

and the step of full-close reference determining
determines the full-close reference candidate
value as the full-close reference when a differ-
ence between the full-close reference estima-
tion value and the full-close reference candidate
value is equal to or less than a third predeter-
mined value (S222), and determines an output
of the throttle opening sensor at a time when the
throttle valve is driven to the fully-closed position
by the actuator as the full-close reference when
the difference is greater than the third predeter-
mined value (S234).

11. The method according to claim 10, further including
the step of:

updating the second predetermined value with
avalue obtained by subtracting the full-close ref-
erence from the initial reference when the differ-
ence between the full-close reference estima-
tion value and the full-close reference candidate
value is greater than the third predetermined val-
ue (66, 5238).

12. The method according to claim 10 or 11, wherein the
step of full-open reference determining determines
the full-open reference based on characteristics of
the throttle opening sensor obtained from the initial
reference and the full-close reference (S244).
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FIG. 3
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FIG. 5
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FIG. 7
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