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(57) ABSTRACT

There is provided an idling stop device. An ECU sets a light-
ing color index by recognizing a lighting color of a traffic light
in front of a vehicle based upon external environment cap-
tured by an onboard camera, sets a distance index based upon
a distance between the traffic light and a vehicle just in front
of the vehicle, and sets a brake index based upon whether a
brake lamp of the vehicle just in front of the vehicle is turned
on or not. The ECU adds up these indices to obtain an ISS
general index, sets a basic ISS speed based upon the ISS
general index, and sets an ISS start speed based upon the basic
ISS speed and a mode-based coefficient set based upon an
engine mode.
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IDLING STOP DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese Patent Application No. 2012-001338 filed on Jan. 6,
2012, the entire contents of which are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresentinventionrelates to anidling stop device
that sets a vehicle speed optimum for starting an idling stop
based upon external environment recognized by an external
environment recognition unit.

[0004] 2. Description of Related Art

[0005] Conventionally, the idling stop device of this type
stops an engine after an elapse of a predetermined time after
a driver completely stops a vehicle (0 [Km/h]) in consider-
ation of change of mind (in re-acceleration just before or just
after a driver stops the vehicle).

[0006] However, there has recently been known a technique
of determining an idling stop condition (determining whether
or not a brake pedal is depressed, and a vehicle speed is not
more than a vehicle speed of starting an idling stop (20 [Km/
h])), and when this condition is satisfied, an engine is stopped
before the vehicle completely stops, as described in Japanese
Unexamined Patent Application Publication No. 2010-
230160.

[0007] Thetechnique described inthis publication stops the
engine before the vehicle stops, thereby enhancing fuel
economy.

[0008] In the technique described in the above-mentioned
publication, the vehicle speed for starting the idling stop is
uniformly set. However, there may be the case in which it
would be better not to stop the engine depending upon exter-
nal environment, even when the idling stop condition
described above is satisfied

[0009] For example, when a lighting color of a traffic light
is changed from red to blue during deceleration before the
vehicle stops, a driver depresses an accelerator pedal to again
speed up the vehicle. If the idling stop condition is satisfied
during the deceleration, the engine is uniformly stopped
(idling stop), so that there is a delay in the re-acceleration,
which might provide a feeling of strangeness to the driver.
[0010] When aline of cars waiting at stoplights is relatively
long, a preceding vehicle does not start immediately even
when the traffic light ahead is changed from red to blue, and
therefore, the engine can be stopped (idling stop) relatively
early.

[0011] As described above, the vehicle speed for starting
the idling stop by the idling stop device is varied according to
the external environment. In the technique described above,
the idling stop condition is uniformly determined, so that the
optimum idling stop timing cannot be obtained, resulting in
that it is difficult to realize satisfactory fuel economy and
drivability.

BRIEF SUMMARY OF THE INVENTION

[0012] Thepresentinventionisaccomplished in view of the
above-mentioned circumstance, and aims to provide an idling
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stop device that can set an optimum idling stop timing,
thereby being capable of enhancing fuel economy and driv-
ability.

[0013] A first aspect of the present invention provides an
idling stop device including: an external environment recog-
nition unit for recognizing external environment of a vehicle;
an idling-stop start speed setting unit for setting a vehicle
speed of starting an idling stop based upon the external envi-
ronment recognized by the external environment recognition
unit; and an idling stop controller for stopping an engine when
the speed of the vehicle is reduced to a speed lower than the
idling-stop start speed set by the idling-stop start speed set-
ting unit.

[0014] Thepresent invention sets the idling-stop start speed
based upon the external environment recognized by the exter-
nal environment recognition unit, thereby being capable of
setting an optimum idling stop timing, and therefore, the
present invention can enhance both the fuel economy and
drivability.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0015] FIG. 1is a schematic view of a vehicle including an
idling stop device;

[0016] FIG. 2 is a view illustrating a configuration of the
idling stop device;

[0017] FIG. 3 is a flowchart illustrating an idling-stop per-
mitting condition determining routine;

[0018] FIG. 4 is a flowchart (1) illustrating an idling-stop
index setting routine;

[0019] FIG. 5 is a flowchart (2) illustrating the idling-stop
index setting routine;

[0020] FIG. 6 is a flowchart illustrating an idling-stop start
speed setting routine;

[0021] FIG. 7 is a flowchart illustrating an idling-stop con-
trol routine;

[0022] FIG. 8 is a flowchart illustrating a restart control
routine;

[0023] FIG.9A isatableillustrating an index of brake pedal
force; FIG. 9B is atable illustrating a lighting color index; and
FIG. 9C is a table illustrating a distance index;

[0024] FIG.101s an explanatory view of a basic idling-stop
start speed table; and

[0025] FIG. 11 is an explanatory view illustrating an idling
stop control state.

DETAILED DESCRIPTION OF THE INVENTION

[0026] An embodiment of the present invention will be
explained in detail below with reference to the drawings. A
vehicle 1in FIG. 1 is an automobile or the like and includes an
engine 2 and an onboard camera 3. An injector 2a¢ and an
ignition plug 25 are mounted to each cylinder in the engine 2,
and each ignition plug 25 is connected to an igniter 4.
[0027] The onboard camera 3 is one example of an external
environment recognition unit. In the present embodiment, a
stereo camera including a main camera 3a and a sub-camera
354 is employed. The onboard camera 3 is disposed on each
side of a rearview mirror (not illustrated) on an upper central
part of a front window in order to shoot environment (external
environment) in front of the vehicle 1.

[0028] The vehicle 1 also has an engine control unit (ECU)
5 for controlling the engine 2. The ECU 5 outputs a fuel
injection signal to the injector 2a so as to inject fuel by a
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predetermined calculated amount to a cylinder of interest on
a predetermined timing, and outputs an ignition signal to the
igniter 4 on a predetermined timing so as to allow the ignition
plug 25 mounted to the cylinder to be ignited, thereby causing
a spark discharge by the igniter 4 for igniting air-fuel mixture
in the cylinder.

[0029] The ECU 5 includes an idling stop control function.
As illustrated in FIG. 2, the ECU 5 has, on its input side,
various sensors and switches for detecting parameters
required to execute an idling stop control, and an image
processing unit (IPU) 6 for processing an image signal from
the above-mentioned onboard camera 3 in a predetermined
manner.

[0030] The sensors and switches include: an idling stop
(ISS) switch 7 that is turned ON when a driver selects the
idling stop control; a switch (mode switch) 8 for selecting an
operation mode of the engine 2; a speed sensor 9 for detecting
a vehicle speed V; a brake pedal force sensor 10 serving as a
brake pedal force detecting unit for detecting force on a brake
pedal; an air-conditioner high-operation switch (hereinafter
referred to as “air-conditioner switch”) 11 that detects a
refrigerant pressure of an air conditioner, and is turned ON
when the air conditioner reaches a predetermined high-pres-
sure state; a water temperature sensor 12 for detecting a
cooling water temperature Tw; a battery voltage sensor 13 for
detecting a terminal voltage Vb of a battery. The mode switch
8 is operated by the driver to select a mode (engine mode) ME
of'the engine 2 according to the driver’s favor. In the present
embodiment, the vehicle 1 has three modes as the engine
mode ME: a normal mode S, an echo-mode I, and a power
mode S#. Examples of the mode switch 8 include a dial
switch and a triple switch.

[0031] The normal mode S has an output characteristic in
which the relationship between a pressure amount on the
accelerator pedal and a target torque is set optimal for normal
driving. The echo-mode I has the output characteristic suit-
able for economical driving in which the upper limit of the
target torque on the low-speed side is suppressed, compared
to the normal mode S. On the other hand, the power mode S#
has an output characteristic having a relationship between the
pressure on the accelerator pedal and the target torque such
that the potential of the engine 2 can be exhibited to the full in
almost all driving ranges. These modes may be set by chang-
ing a shift change characteristic of an automatic transmission.
[0032] The ECU 5 described above executes an idling stop
(ISS) control based upon signals from the onboard camera 3
and various sensors and switches. Specifically, the ECU 5
firstly checks an ISS permitting condition. When the ECU §
determines that the ISS permitting condition is satisfied, the
ECU 5 sets an ISS general index PT according to the driving
condition, and sets an ISS start speed VS corresponding to the
ISS general index PT and the engine mode ME. When the
vehicle speed V reaches the ISS start speed VS, the ECU 5
outputs a fuel cut signal to the injector 2a of the engine 2, and
outputs an ignition cut signal to the igniter 4, thereby stopping
the engine 2.

[0033] The ISS control executed by the ECU 5 is specifi-
cally processed according to flowcharts illustrated in FIGS. 3
to 8. When the ignition switch is turned ON, an ISS permitting
condition determining routine illustrated in FIG. 3 is firstly
started in every predetermined operation period. This routine
determines whether or not the ISS control should be executed,
based upon the conditions of the engine 2 and the battery. In
step S1, the ECU 5 determines whether or not the ISS switch
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7 is turned ON. If it is turned ON, the ECU 5 proceeds to step
S2, and determines the permitting condition in steps S2 to S4.
On the other hand, when the ISS switch 7 is turned OFF, the
ECU 5 proceeds to step S6.

[0034] In the present embodiment, the cooling water tem-
perature Tw, the air-conditioner switch 11, and the battery
terminal voltage VB are checked as the ISS permitting con-
dition, and when all conditions are satisfied, the ISS control is
permitted. Specifically, in step S2, the ECU 5 checks whether
or not the cooling water temperature Tw reaches a warm-up
completion temperature To. In the case of TwZ=To, the ECU 5
determines that the warm-up is completed, and then, proceeds
to step S3. In the case of Tw<To, the ECU 5 determines that
the warm-up has not been completed, and then, proceeds to
step S6. In step S3, the ECU 5 checks whether or not the
air-conditioner switch 11 is turned ON. If air-conditioner
switch 11 is turned OFF, the ECU 5 determines that the
refrigerant pressure of the air conditioner is low, and then,
proceeds to step S4. If air-conditioner switch 11 is turned ON,
the ECU 5 determines that a load is generated because of the
high refrigerant pressure of the air conditioner, and then,
proceeds to step S6.

[0035] When proceeding to step S5, the ECU 5 determines
that the ISS control condition is established, and thus sets an
ISS permitting condition determination flag FISS (FISS<-1),
and exits the routine. On the other hand, when proceeding to
step S6, the ECU 5 determines that the ISS control condition
is not satisfied, and thus the ECU 5 clears the ISS permitting
condition determining flag FISS (FISS<-0), and exits the
routine. The parameters for determining whether the ISS
control is permitted or not are only illustrative, and other
factors, such as an accelerator pedal opening degree, may be
added. In this case, when the accelerator pedal is depressed, it
may be determined that the ISS permitting condition is not
satisfied. The initial value of the ISS permitting condition
determining flag FISS is 0, and it is initialized every time the
ignition switch is turned ON.

[0036] Subsequently, an ISS index setting routine illus-
trated in FIGS. 4 and 5 is executed in every predetermined
operation period. In this routine, the ISS index (point) for
setting the vehicle speed for starting the ISS control is
obtained based upon the brake pedal force, and the external
environment in front of the vehicle 1.

[0037] The ECU 5 firstly checks the value of the ISS per-
mitting condition determining flag FISS in step S10. In the
case of FISS=0 that means the ISS permitting condition is not
satisfied, the ECU 5 exits the routine without any change. In
the case of FISS=1 that means the ISS permitting condition is
satisfied, the ECU 5 proceeds to step S11.

[0038] Instep 511, the ECU 5 reads the brake pedal force
FB detected by the brake pedal force sensor 10. Then in step
S12, the ECU 5 sets a pedal force index PF based upon the
brake pedal force FB by referring to a table of an index of the
brake pedal force illustrated in FIG. 9A. The pedal force index
PF is set to have a larger value, as the brake pedal force FB is
large. Specifically, when the brake pedal force FB has a value
not less than a high determination value FBH (FEZFBH), PF
is set to be 20, and when the brake pedal force FB has a value
between the high determination value FBH and an interme-
diate determination value FBM (FBH>FB=FB), PF is set to
be 10. When the brake pedal force FB has a value between the
intermediate determination value FBM and 0 (brake pedal is
not depressed) (FBM>FB>0), PF is set to be 0, and when the
brake pedal is not depressed (0ZFB), PF is set to be —50. The
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pedal force index PF set when the brake pedal is not depressed
is set such that the later-described ISS general index PT
becomes negative.

[0039] Subsequently, the ECU 5 proceeds to step S13 to
read a lighting color C of a traffic light 21, which is a factor of
deceleration and which is detected based upon the external
environment in front of the vehicle 1 captured by the onboard
camera 3. Then the ECU 5 sets a lighting color index PC
based upon the lighting color C by referring to a table of a
lighting color index illustrated in FIG. 9B in step S14. When
the onboard camera 3 has a color image device, the ECU 5
determines the lighting color C of the traffic light 21 based
upon a color signal. When the onboard camera 3 has a mono-
chrome image device, the ECU 5 determines the lighting
color C based upon a luminance difference.

[0040] The lighting color index PC is set to have a larger
value, as the stop time of the vehicle 1 is expected to be longer
based upon the lighting color C. Specifically, when the traffic
light 21 is not detected, and the lighting color C is determined
to be non-recognized CE (C=CE), or when the lighting color
C is recognized as blue (CB) (C=CB), PC is set to be 0. When
the lighting color Cis recognized as yellow (CY) (C=CY), PC
is set to be 50. When the lighting color C is recognized as red
(CR) (C=CR), PC is set to be 20.

[0041] Thereafter, the ECU 5 proceeds to step S15 to check
whether or not there is a vehicle running in front of the vehicle
1 based upon the external environment in front of the vehicle
1 captured by the onboard camera 3. When there is not
detected a preceding vehicle ahead of the vehicle 1, the ECU
5 proceeds to step S16. When there is detected a preceding
vehicle ahead of the vehicle 1, the ECU 5 proceeds to step S17
to set a distance index PLS to 0 (PL.S<-0), and then jumps to
step S21.

[0042] Instep S16, the ECU 5 sets a distance LS between
the traffic light 21 ahead that is the factor of the deceleration
and the trailing end of the vehicle running just in front of the
vehicle 1 from the disparity between them based upon the
external environment in front of the vehicle 1 captured by the
main camera 3a and the sub-camera 35 of the onboard camera
3. Then, the ECU 5 proceeds to step S18 so as to set the
distance index PLS based upon the distance LS by referring to
a table of the distance index illustrated in FIG. 9C. When the
traffic light 21 is recognized, the distance index PLS is set to
be larger, as the distance LS is longer.

[0043] Specifically, when the traffic light 21 is not recog-
nized, and the distance LS is determined not to be recognized
(LS=LE), or when the distance LS is short within a short
distance determination value LSS (e.g, 10 [m])
(LS<LSS=LSM), the ECU 5 sets the distance index PLS to 0
(PLS<-0). When the distance LS is determined to be an
intermediately short distance between the short distance
determination value LSS and an intermediate distance deter-
mination value LSM (e.g., 20 [m]) (LSS<LS=LSM), PS is
set to be 10. When the distance LS is determined to be an
intermediate distance between the intermediate distance
determination value LSM and a long distance determination
value LSL (e.g., 20 [m]) (LSM<LS=LSL), PS is set to be 20,
and when the distance LS is determined to be longer than the
long distance determination value LSL (LSL<LS), PSis setto
be 30.

[0044] Thereafter, when proceeding to step S19 from step
S18, the ECU 5 checks the lighting state of the brake lamp of
the preceding vehicle, which is the deceleration factor, based
upon the image captured by the onboard camera 3, and when
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the ECU 5 determines that the brake lamp is turned on, the
ECU 5 proceeds to step S20 to set the brake index PB to 20
(PB<-20), and then, proceeds to step S22. When the ECU 5
does not detect that the brake lamp is turned on, the ECU 5
proceeds to step S21. When proceeding to step S21 from step
S17 or step S19, the ECU 5 sets the brake index PB to 0
(PB<-0), and then, proceeds to step S22.

[0045] When proceedingto step S22, the ECU 5 adds up the
indices PF, PC, PLS, and PB to calculate the ISS general
index PT (PT<-PF+PC+PLS+PB). Then, the ECU 5 proceeds
to step S23 so as to check whether or not a momentary stop
that is the deceleration factor is recognized ahead from the
external environment captured by the onboard camera 3.
Whether or not the momentary stop is recognized is deter-
mined by the determination as to whether or not a momentary
stop sign is recognized, or whether or not a stop line before an
intersection is recognized, from the external environment
captured by the onboard camera 3.

[0046] When the ECU 5 determines that the momentary
stop is not recognized, it proceeds to step S24, and when
determining that the momentary stop is recognized, the ECU
5 jumps to step S25. When proceeding to step S24, the ECU
5 checks whether or not the ISS general index PT is not more
than 0. In the case of PT>0, the ECU 5 exits the routine
without any change. In the case of PT=0, the ECU 5 proceeds
to step S25. When proceeding to step S25 from step S23 or
step S24, the ECU 5 sets the ISS general index PT to 0
(PT<-0), and then, exits the routine.

[0047] The ISS general index PT is read by the ISS start
speed setting routine illustrated in FIG. 6. The process in this
routine corresponds to the idling-stop start speed setting unit
in the present invention.

[0048] This routine is executed at intervals of predeter-
mined operation. Firstly, the ECU 5 reads the ISS general
index PT in step S31. Then in next step S32, the ECU 5 sets a
basic idling stop (basic ISS) speed VISS based upon the ISS
general index PT by referring to a table of the basic ISS speed
illustrated in FIG. 10. As illustrated in this figure, in the basic
ISS speed table, the relationship between the ISS general
index PT and the basic ISS speed VISS [Km/h] is set in the
form of a proportional relation with almost a predetermined
slope. Accordingly, the basic ISS speed VISS can be obtained
from an arithmetic expression based upon the ISS general
index PT. The intercept of the slope is set on the position
where the ISS general index PT is 10 in FIG. 10. Therefore, in
this figure, when the ISS general index PT is not more than 10,
the basic ISS speed VISS is set to O.

[0049] Then, the ECU 5 reads the current engine mode ME
in step S33. The driver can select the engine mode ME from
any one of the normal mode S suitable for the normal driving,
the echo-mode I suitable for the economical driving, and the
power mode S# focusing on power, by operating the mode
switch 8.

[0050] The ECU 5 determines which mode is selected for
the engine mode ME in steps S34 and S35. In the case of the
echo-mode I, the ECU 5 proceeds to step S36 from step S34;
in the case of the normal mode S, it proceeds to step S37 from
step S35; and in the case of the power mode S#, it proceeds to
step S38 from step S35.

[0051] When proceeding to step S36, the ECU 5 sets a
mode-based coefficient KM to 1 (KM=-1), and then, pro-
ceeds to step S39. When proceeding to step S37, the ECU 5
sets the mode-based coefficient KM to 0.5 (KM=<-0.5), and
then, proceeds to step S39. When proceeding to step S38, the
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ECU 5 sets the mode-based coefficient KM to 0 (KM<-0),
and then, proceeds to step S39.

[0052] When proceeding to step S39, the ECU 5 sets the
ISS start speed VS by multiplying the basic ISS speed VISS
by the mode-based coefficient KM (VS<—KM-VISS). As a
result, the ISS start speed VS is set according to the engine
mode ME selected by the driver. Specifically, when the echo-
mode I is selected, the ISS start speed VS is set to be the
largest speed; when the normal mode S is selected, the ISS
start speed VS is set to be half the value in the echo-mode I;
and when the power mode S# is selected, the ISS start speed
VS is set to 0, so that the early ISS control is canceled.
[0053] The ISS start speed VS is read in the ISS control
routine illustrated in FIG. 7. This routine is executed in every
predetermined operation period. Firstly, the ECU 5 reads the
current vehicle speed V in step S41, and compares the vehicle
speed V and the ISS start speed VS in next step S42.

[0054] When the vehicle speed V is higher than the ISS start
speed VS (V>zVS), the ECU 5 exits the routine without any
change. On the other hand, when the vehicle speed V
decreases to a value not more than the ISS start speed VS
(V=VS), the ECU 5 proceeds to step S43 to execute an
engine stop process.

[0055] In the present embodiment, as the engine stop pro-
cess, the fuel cut signal is output to the injector 2a of the
engine 2, and the ignition cut signal is output to the igniter 4.
Then, the engine 2 is stopped by cutting the fuel and by
cutting the ignition. The engine 2 may be stopped only by
cutting the fuel.

[0056] Thereafter,the ECU 5 proceeds to step S44 to set the
ISS start flag FST (FST<-1), and then, exits the routine.
[0057] The ISS start flag FST is read in the restart control
routine illustrated in FIG. 8. This routine is executed in every
predetermined operation period. Firstly, the ECU 5 checks
the value of the ISS start flag FST in step S51, and during the
idling stop satistying FST=1, it proceeds to step S52. While
the engine is operated (FST=0), the ECU 5 exits the routine
without any change.

[0058] When proceeding to step S52, the ECU 5 checks the
value of the ISS permitting condition determination flag
FISS. When the situation is changed from the case in which
the ISS control condition is established (FISS=1) to the case
in which the same condition is not established (FISS=0), the
ECU 5 proceeds to step S53. When the situation in which the
ISS control condition is satisfied (FISS=1) is continued, the
ECU 5 exits the routine without any change.

[0059] When proceeding to step S53, the ECU 5 executes a
restart process, i.e., automatically operates a starter motor and
the like, thereby restarting the engine 2. Then, the ECU 5 exits
the routine.

[0060] As aresult, as illustrated in FIG. 11, when the speed
V ofthe vehicle 1 is reduced to the ISS start speed VS, the ISS
control is automatically executed to stop the engine 2. The
ISS start speed VS is variably set according to different exter-
nal environment elements. For example, when the lighting
color C of the traffic light 21 is blue (CB), the ISS start speed
VS is set to have a low speed, compared to the case of yellow
(CY) or red (CR), whereby the vehicle 1 can respond to the
reacceleration after the speed reduction, compared to the
conventional case in which the idling-stop start speed is uni-
formly set. Consequently, the ISS start speed VS is set at the
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optimum timing according to the external environment,
thereby enhancing the fuel economy and drivability.

[0061] The present invention is not limited to the above-
mentioned embodiment. For example, when inter-vehicle
communication is possible between the preceding vehicle
and the vehicle 1, the condition of the preceding vehicle on
the intersection may be obtained from position information
and speed thereof acquired by the inter-vehicle communica-
tion. Alternatively, when information of a traffic light on an
intersection, or information of a preceding vehicle approach-
ing the intersection can be acquired by vehicle-roadside com-
munication, various indices may be set based upon the infor-
mation acquired by the vehicle-roadside communication.

1. An idling stop device comprising:

an external environment recognition unit for recognizing
external environment of a vehicle;

an idling-stop start speed setting unit for setting a vehicle
speed for starting an idling stop based upon the external
environment recognized by the external environment
recognition unit; and

an idling stop controller for stopping an engine when the
speed of the vehicle is reduced to a speed lower than the
idling-stop start speed set by the idling-stop start speed
setting unit.

2. The idling stop device according to claim 1, wherein the
idling-stop start speed setting unit detects a deceleration fac-
tor of the vehicle based upon the external environment rec-
ognized by the external environment recognition unit, and
sets the idling-stop start speed based upon the deceleration
factor.

3. The idling stop device according to claim 1, further
comprising:

a brake pedal force detecting unit for detecting a force on a
brake pedal mounted to the vehicle, wherein the idling-
stop start speed setting unit sets the idling-stop start
speed based upon at least the brake pedal force detected
by the brake pedal force detecting unit.

4. The idling stop device according to claim 2, further

comprising:

a brake pedal force detecting unit for detecting a force on a
brake pedal mounted to the vehicle, wherein the idling-
stop start speed setting unit sets the idling-stop start
speed based upon at least the brake pedal force detected
by the brake pedal force detecting unit.

5. The idling stop device according to any one of claims 1,
wherein the engine mounted to the vehicle has plural engine
modes, each having a different output characteristic, and
when an engine mode focusing on power is selected, the
idling-stop start speed is canceled.

6. The idling stop device according to any one of claims 2,
wherein the engine mounted to the vehicle has plural engine
modes, each having a different output characteristic, and
when an engine mode focusing on power is selected, the
idling-stop start speed is canceled.

7. The idling stop device according to any one of claims 1,
wherein the external environment recognition unit is an
onboard camera including a main camera and a sub-camera.

8. The idling stop device according to any one of claims 2,
wherein the external environment recognition unit is an
onboard camera including a main camera and a sub-camera.
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