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(57) Abstract: The invention relates to a display control system including a display installed inside the vehicle. The driving force of
wheels (84L, 84R, 86L, 86R) are calculated as needed, and magnitude and a direction of the vehicle acceleration (90, 90") which
change according to the driving force are displayed at the same time on a mimic vehicle diagram (70-86) displayed on the in-vehicle
display. Thus, the driver can grasp the relationship between the driving force of each wheel (84L, 84R, 86L, 86R), and the mag-
nitude and the direction of the vehicle acceleration (90, 90"). Accordingly, the driver can drive the vehicle in view of the relationship
between the driving force of the wheels (84L, 84R, 86L, 86R), and the magnitude and direction of the vehicle acceleration (90, 90").
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DISPLAY CONTROL SYSTEM FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a display control system for a vehicle, and in
particular to a display control system that displays traveling conditions of the vehicle,

using a mimic vehicle diagram displayed on an in-vehicle display.

2. Description of Related Art

[0002] A display system that displays traveling conditions of a vehicle, using a
mimic vehicle diagram displayed on an in-vehicle display, is known. A torque display
system for a vehicle as described in Japanese Patent Application Publication No.
2011-046362 (JP 2011-046362 A) is one example of the above type of display system. In
the system of JP 2011-046362 A, the driving force of each drive wheel on the mimic
vehicle diagram is indicated by a plurality of segments. As another example of display

system, it has been proposed to display the vehicle acceleration or the steering angle alone.

SUMMARY OF THE INVENTION

[0003] It has been proposed to display the distribution of the driving force among
wheels during traveling, and inform the driver of a condition of distribution of the driving
force as needed, as described in JP 2011-0466362 A. However, the display does not
enable the driver to intuitively grasp the relationship between the distribution of the driving
force and a parameter related to the distribution of the driving force. For example, if the
distribution of the driving force changes, the vehicle acceleration changes according to the
distribution of the driving force. However, in known display control systems, including
the one as described in JP 2011-046362 A, the driving force of each wheel, and a parameter,
such as the vehicle acceleration, related to the driving force, are respectively displayed

alone. Thus, it is difficult for the driver to understand the relationship between the
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driving force of each wheel and the parameter. Accordingly, information concerning
traveling conditions of the vehicle is not sufficiently conveyed to the driver, and there is
still room for improvement in this respect.

[0004] The invention provides a display control system for a vehicle, which can
convey sufficient information concerning traveling conditions of the vehicle to the driver.

[0005] According to one aspect of the invention, a display control system for a
vehicle including a display installed inside the vehicle includes an electronic control unit.
The electronic control unit is qonfigured‘ to control the display such that (a) travéling
conditions of the vehicle are displéye_d using a mimic vehicle diagram displayed on the
display, and (b) driving force of Wheels, magnitude 6f a vehicle acceleration and a
directioﬁ of the vehicle acceleration are displayed on one of the mimic vehicle diagram and -
a vicinity of the mimic vehicle diagram.

’[0006] With the above. arrangement, the driving force of the wheels, and the
magnitude and direction of the vehicle acceleration which change accordin.g to the driving
force, ére displayed at the same time on the mimic vphiclc diagram, or in the vicinityyof the
mimic vehicle ‘diagram. Accordingly, the driver can grasp the' relationship between the
driving force of the wheeis, and the magnitude and direction of ihe ve‘hicle‘acceleration, as
needed. Accordingly, the driver is able to drive the vehicle, in view of the 'rela_tionship
between the driving force of the wheels, and the magnitude and direction of the vehicle
acceleration. .

[0007]  In the display control system according to the above aspect of the
invention, the magnitude of the vehicle acceleration and the direction of the vehicle
acceleration may be indicated by converting the vehicle acceleration into a form that
enables the vehicle acceleration to‘ be visually grasped on the mimic 'vehic-:le diagram, and
| the vehicle acceleration may be directly deteéted or calculated. With this anangerﬁent,
the vehicle acceleration directly deteéted or the vehicle acceleratidn calculated is converted
into the form that enables the vehicle acceleration to be visually grasped on the mimic -
vehicle diagram. Accordingly, the conditions of the vehicle acceleration can be visually

grasped with ease even during traveling of the vehicle.
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[0008] In the display control system as described above, the electronic control
unit may be configured to Con;rol the display such that (i)' the magnitude and the direction
of the vehicle acceleration are indicated by a position of a symbol placed on a plurality of
concehtric circles arrange‘d about the same center, and (ii) a distance from the same c‘ente‘r
to the position of the symbol increases as the Vehicle acceleration is lafger. With this
arrangement, the direction of the vehicle ‘accele‘ration can be grasped from the position of
the symbol, and the magnitude of the vehicle acceleration can be easily | grasped from the
distance between the center of the concentric circles and the symbol. o

[0009] In the display control system as described above, the center of the
concentric circles may be located in one of a vicinity of a center of the mimic vehicle
diagram and a vicinity of a seated position of a driver. If the center of the concentric
cifcles is located in the vicinity of the center of ihe mimic vehicle diagram, it is easy to see
the indication of the vehicle acceleration. If the center of the concentric circles is located
in the Vicinity of the seated position of the driver, fhe vehicle acceleration can be sensually .
conveyed with ease to the driver.

[0010] In the ‘display control system as described above, the electronic control .
unit may be.configured to control the display such that a residual image indicafing a‘

trajectory of fhe symbol is displayed, and such that thé symbol is displayed more lightly as
a’point in time at which the vehicle acceleration represented by the symbol is obtained is
earlier. With the above arrangement, changes in the vehicle acceleration can be easily
grasped from thé trajectory of the vehicle accelerati‘on.
| [0011] In the display control system as described above, the electronic control
unit may be cohfiguréd to control the display such that such that :;t least one of a size, a
color density, or a color of the symbol is changed according to the position of the. symbol.
The electronic control uﬁit may also be configured to controi the display such that the size -
of the symbol is larger, the color of the symbol is darker, or the symbol is indicated in
| anbthe; color, when fhe 'distahce from the center of the concentric circles to the position of
the symbol iﬁcreases, or such that the size of the s‘y‘rnbol‘is larger, the co>lor of the symbol

is darker, or the symbol is indicaf_ed in another color, as the distance from the center of the
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concentric circles to the symbol reaches a predetermined distance, as compared with the
case where the distance .fro.m the center of the concentric circles to the symbol does not
reach the predetermined distance. With this arrangement, the magnitude of the vehicle
acceleration is ' made further clearer, through the use of the size, color density, and colo; of
the symbol. | |

[0012] In the display control system as described above, the electronic control
unit may be configured to control the display such that the concentric circles are displayed
in perspective, in accordance with perspective display of the ve‘hiclev.‘ With the concentric
.circles thus displayed in accordance with perépective display of the vehicle, the concentric
_ circles on the display causé no feelihg of strangeness.

[0013] . In the di‘\splay. control system as described above, the electronic control
unit may be configuréd to cdntrol the display such that the magnitude and the direction of
the vehicle acceleration are indicated by an arrow having an origin located at one point on
the rﬁimic vehicle diagram. = With this arrangement, the di;ection of the vehicle
accelefation can be grasped from the direction of the arrow, and the magnitude of the
- vehicle aéceleration can be easily graspéd from the length or width of the arrow.

'[0014] In the displéy cohtrol system as described above, the electronic control
unit may be configured to control the display such that the symbol is fixed to the center of
the cdﬁcentric éifcles, or the symbol is not displayed, wher'i an abnormality' 6ccurs to
‘detection or calculation of the vehicle acceleration. With ’t'hé above érrangemeﬁt, the
driver can immediately recognize the occurrence of the abnormality. _ |

'[0015] In the display control syétem as described above, the electronic control
unit rriay be configured to control the display such thatl an amount of steering of a driver is
indicated by a turning angle of a tire in the mimic yehicle diagram. With the above
arrangement, the turning angle of the tire(s) is further displayed on the mimic vehicle
diagram, and the driver can grasp change of the driving force or change of fhe vehicle
acceleration due to change of the turning angle of the tire(s).

[0016] In the display control system as described above, the electronic control

unit may be configured to change the turning angle of the tire relative to the amount of
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steering of the driver, at a time when driving force'dis‘tribution control is switched from

one mode to anothei. With this arrangement, the relationship between the amount of _
steering of the driver .and the distribution of the driving force among the wheels can be

grasped.. |

[0017] Inv the display control system as described above, the electronic control
unit may be configured to set a gain such that the gain when the vehicle acceleration is low
is larger than the gain when'the vehicle acceleration is high, to make the display of the
vehicle accelération be more likely to change as the-vehicle acceleration is lower. With
this arrangement, in a regular operation region of the vehicle, the sensitivity or résponse of
display of the vehicle acceleration to change thereof is increased, and even a small oliange
in the vehicle acceleration is displayed. Tlius, the _driver can grasp such a change in the
vehicle acceleration.

[0018] In the display control system as described above, the electronic control
unit may be configured to set thé turning an‘g(lc to zero when an abnormality occurs to
detection of the amount of stoering of the driver. With this arrangement, the turning angle
of the tire(s) does not change even if the amount of steering changes; therefore, the "driver
can immediately recognize an abnormality in detection of the amount of st'evering.

[0019] In the display contlol system as described above, the electronic control

| unit may be configurcd to perform one of the following operations when the abnormality
occurs, so as to inform a driver of the abnorin‘ality; (a) turning off a light illuminating a
part of or the whole of a display area of the mimic vehicle diagram, (b) blinking a part of
or the whole of the display area of the mimicv vehicle diagram, (c) _displaying a character on
the mimic vehicle diagram, (d) displaying a symbol on the mimic vehicle diagram, or (¢)
generating sound.  With this arrangement, if an abnormality ocours, control for informing
the driver of the abnormality is performed, So that the driver can surely recognize the
occurrence of the abnormality. »

[0020] © In the display control systém as described al)ove, the vehicle includes a
drive unit that performs at least one of distribution of driving force bétween front and rear

wheels, or distribution. of driving force between right and left wheels. With this
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arrangement, the distribution of the driving force between the front and rear wheels, and

the distribution of ihe driving force between the right and lefi wheels, are displéyed on the
mimic vehicle diagram, and the vehicle acceleration is further displayed, so that the
. relationshio between-_the distribution of the driving force among the respective wheels and

‘the vehicle acceleration can be grasped as needed.

' BRIEF DESCRIPTION OF THE DRAWINGS
[0021] | Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with refeience to the
accompanying drawings, in which like numerals denote like elements, and wherein:
| FIG. 1 is a view schematically showing the configuration of a vehicle to which the
invention is applied; |
~FIG 2 is a functional block diagram useful for explaining control functions of an
eleCtronie control unit that controls driving conditions of the vehicle of FIG. 1;
Fld 3isa V'iew.showing one example .ofb mimic vehicle diagrain shown in FIG. 2;
FIG. 4 is a view showing the relationship between the steering angle (the amount of
steering) and the display amount of the turning angle of front wheels;
FIG. 5 is a view showing the relationship between the vehicle acceleration and the G
display amount of the vehicle acceleration; _ | |
FIG. 6 is a view showing one example of mimic.‘ Vehiele diagram displayed When an
~ abnormality occurs; | | |
FIG. 7 is a flowchart useful for explaining a principal part of control operation of the
_ electronic control unit of FIG. 2, more specifically, control operation io display the mimic
vehicle diagram that enables the driver to grasp traveling conditions of the\ vehicle as
* needed; | '
* FIG. 8 is a view showing an ethple of mimic vehicle diagrzim according to another
embodiment of the inventiOn; k '
FIG. 9 is a view showing an example of mimic vehicle diagram‘ according to a further

- embodiment of the invention; |
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"FIG. 10 is a an enlarged view of a part of concentric circles indicating the Vehiéle
acceleration in a mimic vehicle diagram according to a still fﬁrther embo\diment of the
invention; . -

FIG. 11 is a view showing the relationship between the steering angle and display of
the thrning angle of the front wheels, according to a still another embodiment of the
invention; and |

FIG. 12 is a view showing the relationship between the vehicle acceleration and the G
display amount (the distance of the concentric circle from thé center of the concentric -

'circlcs) of the vehicle acceleration.

DETAILED DESCRIPTION OF EMBODIMENTS
[0022] Some embodiments of the invention will be deséribéd in detailv. with
reference to the drawings. - In the drawings, respective parts -of the following
embodiments are simplified‘or‘ deformed as negded; and the ratios‘of dimensions, shapes,
etc. of the fgspective parts are not necessarily accurately depicted.

- [0023] FIG. 1 échemaﬁically illustrates the cdnfiguratioh of a vehicle 10 to which |

this invention is appliéd, and is useful for explaining control functions and principal parts
| of a control sysiem for perf(_)rming‘variou_s cont\rols in the vehicle 10. In FIG 1, the
vehicle 10 includes an engine 12, right and left front wheels 14R, 14L (which will be"
-called “front wheels 14” when they are not partichlarly discriminated from each other),
right and left rear wheels 16R, 16L (which will be called “rear wheels 16” When they are
not particularly ~discriminated frorlri each other), a first power transmission pathway
between the cngine 12 and the front wheels 14, and a second power transmission pathWay
be‘tvs./een‘ the engine 12 and ihé rear wheels 16. In operation, power of the engine 12 is
transmitted to the front wheels 14, via the first power tra;nsmission pathway, and power of
the_‘ engine 12 is transmitted to the rear wheels 16, via the second power transmission
pathWay. Thé ‘engilllc 12 is én inte‘mal‘ combustibn engiﬁe, such as a gasoline engine or a
diesel engine, fo_f example, and serves as a spurée of driving force whiéh generates driving

force. The front wheels 14 are driving wheels to which power is transmitted from the
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engine 12 via the first power transmission pathway; when the vehicle 10 is traveling in a
tWo-whecl-dfivé mode (2WD mode) and a four-wheel-drive mode (4WD mode). Thus,
the front Wheels 14 are main driving wheels. The rear wheels 16 are driven wheels when
the vehlcle 10 is traveling in the 2WD mode, and are driving wheels to which power is
transmltted from the engine 12 via the second power transmission pathway when the
vehicle 10 is traveling in the 4WD mode. Thus, the rear wheels 16 are secondary driving
whéels./ Accordingly, the ‘vehicle 10 is an FF-based frdnt-rear—wheel drive vehicle
(four-wheel-drive vehicle).
- [0024]  The first power transmission pathway includes a transmission 18, a front
differential 20, righf and left frbnt—wheel axles 22R, 22L (which will be Called ;‘front-wheel
baxles‘ 22” when they are not particularly diécriminated from each other), and so forth.‘
The second power transmission bpathway includes t/he transmission 18, a transfer 24 as a
front-rear-wheel power distribution device that distributes fhc pOwér of the engine 12 to the
~ rear whveels 16, a propeller shaft 26 as a driving force transmission shaff that transmits the
powcf of | the -engine 12 distributed by ‘t‘he transfer 24,' to the rear wheels 16,
right-left-wheel driving force distribution mechanism 30 that distributes the driving force
received from the propeller shaft 26 to the right and left rear wheels 16, right and left
rear-wheel axles 32R, 32L (which will be called “rear-wheel .axles 32}”1 when vthey are not
parﬁcularly discriminated from each other), and so forth. The vehicle 10 is oné example
of vehicle equipped with a drive system capable of distributing the driving force (torque)
| generated by the engine 12 to the front and rear wheels, according to traveling conditions
of the vehicle 10, and also distributing the driving force (torque) to the right and left rear
wheels 16: Thus, the right-left-wheel driving force distribution mechgnism 30 provides a
drive system (power vtransmibssion system) that assures low fuel consumption and excellent
traction performance. |
[0025]  The transmission 18 constitutes a common power trénsmission pathway,
as parts of the first power transmission pathway between the engine 12 and the front
wheels 14, and the second power transmlsswn pathway between the engine 12 and the rear

wheels 16. The transmission 18 transmits the power of the engine 12 toward the front
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wheels 14 or the rear wheels 16. The "trans;llission 18 may ’ be. a known
planetary-gear-type multi-speed transmission in which a selected one of two or more gear
positi‘ons having different speed rati(;s ¥ (=transmission input shaft speed Nin /
transmission output shaft Sbeed Nout) is established, or a known coﬁtinuously variable
transmission in which ‘the speed ratio vy is steplessly .'or continuously changed, or a known
synchromesh type parallel-two-shaft transmission, for example. '

- [0026]  The right-left-wheel driving force distribution mechanism 30 transmits the
driving force from the propeller shaft. 26 to the right and left rear wheels 16, according to
traveling conditions of the vehicle. The right-left-wheél driving force distribﬁtion
mechanism 30 inéludes a pair of electronically controlled couplings (28R, 28L) in the form
of wet multiple disc clutches, for eXample, which are respectively provided on one side
closer to the right reér wheel 16R and the other side éloser to the left rear wheel 16L. In
operation, the engaging forces of the p.air of couplings (28R, 28L) are céntrolled, so that
the distribution of the driving force between the right and left wheels and the distribution
of the driving force between the front and rear wheels can be controlled. For ex‘ample,
the right-left-wheel dri_ving force distribution mechanism 30 is constructed such that the
driving. force transmitted to the rear wheel 16L increases as the engaging force of the
coupling 28L on the rear wheel 16L side in.creases,.and the -driv‘ing force transmitted to the
rear wheel 16R ‘increases as‘the engéging force vof the couplingl 28R inéreases. It is thus
possible to continuously control the torque distribution of t_he right and left rear wheels 16
between 0:100 and 100:0, by controlling the engaging forces bf the pair of couplings (28R,
28L). thn both of the couplings (28L, 28R) are opened, no driving force 'is transmitted
to the rear wheels 16. Namely, the vehicle 10 is brbught into a two-wheel-drive traveling
(2WD travéling) mode in which no driving force is diStributéd to the rear Whéels 16.
Since the right-left-wheel‘ driving force distribution mecvh'anism 30 is a known technology,
its specific stri:ctur..e\and operation will not be described in detail.

' [0027] The vehicle 10 includes an electronic control unit 40 that controls the
distribution of the driving force between the front and rear wheels and the distribution of

the driving force between the right and left rear wheels 16, and also controls display of a
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mimic vehicle diagram that indicates traveling conditions of the vehicle 10. FfG. 2is a
functional block diagram useful for explaining control functions (control arrangement) of
the electrbnic control unit 40 (including a 4WD-ECU 42, display system control ECU 46,
etc.) that controls driving conditions of the vehicle 10. The electronic control unit 40 is.
configuréd to include a so-called micrdcomputer having CPU, RAM, ROM, input/output
interface, etc., for exainple. The CPU ‘perfdnhs signal prdcessing accdrding to programs
stored in advance in the ROM, while utilizing the temporary storage function of the RAM, -
so as to control the d;iving conditions of the vehicle 10 according to the traveling
conditions of the vehicle 10. ~ The electronic control unit 40 is shbplied with information
detected by various Sensors. . For example, the electronic control unit 40 is supplied with
~ information, such as each wheel speed Nr detected by- a wheel speed sensor that detects the
rotational speed of each wheel, vehicle acceleration G (including the vehicle‘ longitudinal
acceleration and the vehicle lateral acceleration) detected by an acceleration sc'nsor,b yaw
rate Y (yaw angle) of the vehicle detécted by a yaw rate sensor, stéering angle O detected
by a steering angle sensor, and a mode switch signal from a 4WD mode switch provide at
the driver’s seat. The electronic control unit 40 also receives required driving force Tr
(demand for driving force), required braking force Br (demand for braking), etc., from an
engine ECU (E/G-ECU) (not shown’). that controls the engine ‘12, etc. Although not
illustrated in the drawingé, the electronic control unit 40 is also supplied with the vehicle
speed V detected by a vehicle speed sensor, accelerafor pedal posiﬁon Acc detected by an
accelerator pedal position sensor, throttle opening 6th detected by a throttle openiﬁg sénsor,
engine speed Ne detected by an engine speed sensor, and road gradient information, etc.
, frorﬁ a naviga;tion system. The vehicle acceleration G may be obtained by calculating the
' amount of change of the vehicle speed V detected by the vehicle speed sensor, as needed.
The electronic control unit 40 and the mimic vehicle diagram 64 on an in-vehicle display
62 coﬁstitufe the display control system of fhe invention.
[0028] The electronic control unit 40 is configured to functionally include a .
| sensor signal processing unit 48, traveling condition determining\“unit 50, 4WD driving

- force computing unit 52, right-left-wheel driving force distribution control unit 56, failure



WO 2015/079301 PCT/IB2014/002554
11

diagnosis control unit 58, and a diSpiay control unit 60.

[0029]  The sensor signal processing unit 48 processes voltage signals transmitted
" from various Senéoré, into information based on the sénsors, and outputs the information to
the vehicle traveling condition determining unit 50. The vehicle traveling condition
determining unit 50 determines the optimum dfiving conditions of the vehiéle 10, based on
various kinds of information pfocessed by the .sensor signal processing unit 48. More
specifically, the Veh‘icle fraveling condition dete.rmining unit 50 determines the optimum
driving conditions of the vehicle 10, based on information, such as the wheel speed Nr
detected by the‘ wheel speed sensor, vehicle acceleration G detected by the a_cceieration
sensor, yaw rate Y detected by the raw rate sensor, steering angle 0 detected by the steering
angle sensor, required driving force Tr, and the required braking force Br.

[0030] If the vehicle traveling condition determining unit 50 determines that the
vehicle 10 is in a steady traveling state having small changes in the driving force of the
vehicle, based on the accelerator-pedal position Acc, required driving force Tr, and the
vehicle spéed V, for example, it determines that the vehicle 10 is to be driven in the
two-wheel-drive travélin'g (2WD traveling) mode in which the pair of couplings (28R,
28.L) provided in the right-left;wheel driving fdrce distribution mechanism 30 are opened,
so that no driving force is distributed to the rear wheels 16.' If the vehicle traveling
conditidn determining unit 50 determines that tﬁere are large changes in the driving force, .
it determines that the vehicle 10 is'.to be driven in the four-wheel-drive traveling (4WD
traveiing) mode in which the pair of couplings 28 (28R, 28L) are engaged or engaged
while slipping, so that the driving force is distributed to the rear wheels 16. - If the vehicle ’
traveling condition determining unit 50 determines that the“ve‘hicle 10 is not in the course
of turning, based on the steering angle 6 and the yaw rate Y, for example, it determines that
the vehicle 10 is to be driven in the 2WD traveling moide. if the vehicle traveling
condition determining unit 50 determines that the bvehicle 10 is in the course of turning, it
determines that the vehicle 10 is to be driven in the 4WD traveling mode in which the
‘optir'n'um driving force is distributed to the rear wheels 16 so that the vehicle 10 turns

smoothly. If the vehicle traveling condition determining unit 50 determines that the
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vehicle 10 is traveling on a low-p road, such as a snow road, based on information from
the navigaﬁon system, it determines that the vehicle 10 is to be driven in the 4WD
traveling mode. If the vehicle traveling condition determining unit 50 determines, based
‘on the wheel speeds Nr, that a difference between the rotational speeds of the front and rear
wheels exeeeds a predetermined value, it determines that the vehicle 10 is to driven in the
4WD traveling mode so as to eurb slipping. _

[0031] The 4WD driving force computing unit 52 calculates the optimum
distribution of the driving force between the front and rear wheels and between the right
and left rear wheels, based on input signals from various sensors. The 4WD driving force
computing'-unit 52 calculates engine torque Te from signals, such as the throttle opening 0
and the engine speed Ne during traveling, and calculates the distribution of the driving
force between the front and rear nvheels, S0 as to assure the maximum acceleration
performance. If the 4WD driving force computing unit 52 derermines that the operating
status of the driver and changé of the driving force of the vehicle are stable, based on the
throttle opening Oth, vehicle speed V, and the wheel speeds Nr, for example, the
right-left-wheel driving force distribution control unit 56 reduces the amount of driving
force distributed to the rear wheels 16, and plaees the vehicle 10 in a status close to the
front-wheel—drive‘_ status, for improvement of the fuel effieiency. Also, the
right-left-wheel driving force distribution control unit 56 reduces rhe amount of driving
force distributed to the rear wheels 16, so as to prevent a tight corner braking phenomenon
while the vehicle is turning at a low speed, for examole. When it is determined, based on
the vehicle traveling condition determining unit 50, that the vehicle 10 is to be driven in
the 2WD .traVeling mode; the right-left-wheel driving force distribution control unit 56,
" controls the engaging forces of the pair of couplings 28 to zero. As a result, no driving
force is distributed to the rear wheels 16.

[0032] - The right-left-wheel driving force distribution control unit 56 outputs
commancl signals to electromagnetic solenoids for controlling the engaging forces of the
pair of couplings 28 of the right-left-wheel driving force distribution mechanism 30, so as

to achieve the distribution of the driving force calculated by the traveling condition
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determining unit 50 and the 4WD driving force computing unit 52.

[0033] The failure diagnosis control unit 58 is operable to detect an abnormality
in a system that switches the driving mode of the vehicle 10. For example, the failure
diagnosis control unit 58 performs self-check of the communication status of the electronic
~control unit 40, each of the sensors, and so forth, when the power supply is turned on.
Further, the-failure diagnosis control unit 58 determines whether the pair of couplings 28
normally operate by passing current through the electromagnetrc solenords that control the -
pair of couplrngs 28. If the failure diagnosis control unit 58 detects any abnormallty, it -
transmits a signal indicative of the abnormality to the display system control ECU 46.

[0034] The display system control ECU 46 functionally includes a display control
unit 60 that controls display conditions of the mimic vehicle diagram 64 'provided on the
in-vehicle display 62. The display control unit 60 displays driving conditions of the -
vehicle 10, using the mimic vehicle diagram 64 provided on the in-vehicle display 62,
based on information from the vehicle traveling condition determining unit 50, 4WD
driving force computing unit 52, and the failure diagnosis control unit 58. ' In the
followmg, one example of display of the dr1v1ng conditions dlsplayed by the dlsplay_
control unit 60 on thé mimic vehicle diagram 64 of the in-vehicle drsplay 62 will be
illustrated.

[0035]  FIG. 3 shows one example of the mimic vehicle diagram 64 according to a
first embodiment of the invention. In the mimic vehicle diagram 64 of FIG. 3, which is a
perspective ‘view, the vehicle 10 as seen from diagonally behind is drawn in perspective.
More specifically, an engine'70 on display (corresponding to the engine 12), transmission
‘ 72von display '(corresponding to the transmission 18), transfer 74 on display (corresponding
to the transfer 24), propeller shaft 76 on display (corresponding to the propeller shaft 26),
right-left-wheel driving force distribution mechanism 78 on display (corresponding to the
right-left-wheel driving-force distribution mechanism 30), front-wheel ax:es 80R, 80L on
display (corresponding to the front-wheel axles 22), rear-wheel axles 82R, 82L on display
(corresponding to the rear-wheel axies 32), right and left front wheels 84R, 84L on display

(corresponding to the right and left front wheels 14), and right and left rear wheels 86R,
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86L on display (corresponding to the right and left rear wheels 16) are illixsfrated.
Némely,'main components that constitute the power train (drive system) of the \;ehicle 10
are ‘displaye'd. | | | | |
[0036]‘ - The display control unit 60 di;plays -se;gments indigating the driving force
(distribution) of each wheel, in the vicinity of each wheel (84R, 84L, 86R, 86L). In FIG.
3, a black segment indicates the ON state of a light, and a white segment indicate§ the OFF_
state of a light. As the number of segments that are in the ON state is larger, it indiéates
that the distributionvof the driving force is larger. For example, in FIG. 3, three of the
segments of each of the front wheels 84 are in'the ON state, and two of the segments of
each of the rear wheels 86 are in the ON state. This indicates that the vehicle 10 is in a
4WD traveling mode in which the driving force is transmittéd to eachv wheel (i.e., all of the
four wheels). - When the vehicle 10 is in a 2WD traveling mode, all of the segments of the
rear Wheels 86 are in the OFF state, and all (five) of the segments of each of the front
wheels 84 are in the ON state. When fhc" right-left-wheel driving force.distribut*ion
mechanism 30 distributes different driving forces to the right wheel and the left wheel, the
number of segments of the right‘l rear wheel 86R .which are in the ON state is different from
that of the segments of the left rear wheel 86L which are in the ON state. The distribution
ratio of the driving forces is calculated from the 'drivi'ng forces of respective wheels
calculated by the 4WD driving vforcve computing unit 52, and the number of segments that
are turned on is deténnined, based on the magnitude of the driving foréc thﬁs distributed.
[0037]  Also, the display control unit 60 changes the turning angle of the frqnt
wheels 84 in a stepwise fashion, ac'cofding to the stéering angle 0 corrésponding‘ to the
amount of steering of the driver, which is detected by the steering angle sensor, and
“displays the turning angle. For example, in the example of FIG 3, the veh‘icle 10 is
~ turning right.. As the steering angle 0 is larger, the turning angle of the froht wheels 84
diéplayed b_ecomes larger.‘ If the vehicle is traveling straight ahead, the front wheels 84
- are displayed in a straight-ahead fashion, liké the rear wheels 86. Thus, the amount of
_ steering of the driver (steefing angle 0) is indicated by the tu‘rning'angle of the front wheels

84. FIG 4A and FIG. 4B show the relationship between the steering angle 8 (steering
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amount) and the display amount of the tuming angle of the front wheels 84. In FIG. 4A,
the horizontal axis indiéatés the steering angle 6 (the amount of steering), and the vertical
axis indicates the display amount of the turning angle of the front wheels 84 (tires). .The
display amounts (1 — 5) of thé turning :ingie on the vertical axis correspond to DISPLAY 1 ,
— DISLPLAY 5 (DISPLAY 2 and DISPLAY 4 are not illustrated) of the turning angle (slip
angle) of the front wheel 84 displayed in FIG. 4B. More specifically, as shown in FIG. 4A,
when t}ie steering angle 0 is in the range of 0 to 90 degrees, the display amount of the
turning angel is 1. In :this case, the front wheels 84 of FIG. 3 are displayed with the
turning angle corresponding to DISPLAY 1 as indicated by the solid linc in FIG. 4B (ina .
straight-ahead fashion). In FIG. 4B, the turning angle of the front wheel 84 is indicated in
a plan view for easiei/understanding. However, the front wheels 84 ére displayed in
perspective in the mimic vehicle diagram 64 of FIG. 3. Also, as shoi)vn in FIG. 4A, if the
steering ariglc 0 is in the range of 180 to 270 degrees, the displa';l amount 6f the t'urning'
- angle shown in FIG. 4A is 3.‘ In this case, the frdnt wheels 84 of FIG. 3 are displéyéd with
~ the turning zingle corresponding to DISPLAY 3 as indicated by the broken line in FIG. 4B.
Also, as shown in FIG. 4A, if the steering anglé 8 exceeds 360 degrees, the display amoimt
of the turning angle is 5. In this case, the front wheels 84 of FIG. 3 are displayed with the
tuming angle co‘rrcsponding to DISPLAY 5 as indicated ny the one-dot chain line in FIG.
4B. In FIG. 4B, the display amounts 2 and 4 (if the turning angle are not illustrated.
~ However, in fact, tiie turning angle of the front wheels 84 corresponding to DISPLAY 2
bctweén DISPLAY 1 and DISPLAY 3 exists, and the turning angle corresponding to. |
DISPLAY 4 between DISPLAY 3 and DISPLAY 5 exits. The turning angle of the front |
wheels 84 displayed is larger as the number of DiSPLAY is larger.

[0038] “Also, the display coiltrol unit 60 displays the vehicle acceleration G
‘measured by the acceleiaticin sensor or calculated, by éonverting “the magnitilde and
direction of the vehicle accéleration G into forms in which those of the acceleration G can
be visually grasped, 01i the mimic vehicle diagram. In the vicinity of the center of the
mimic vehicle diagram 64, a plurality of (5 in this embodiment) concentric circies 88

located about a common center 66 are ‘displayed. These concentric circles 88 are
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displayed in perspective in acclordancev with perspective display of the mimic vehicle
diagram 64. Further, a ball 90 (symbol in this invention) is displayed on one of the
concentric circles. The magnitude and direction of the vehicle acceleration G are |
" indicated by the conceﬂtric circles 88 and the ball 90. For example, in FIG. 3, the ball 90
is located on the left lower side of the center of the concentric circles. This indicates that
the vehicle acceleration G is applied in a negative direction 'as a vehicle llongitud-inal
direction, to the left of the vehicle. | When the vehicle is accelerated while turning right,
for example, the vehicle acceleration G is appiied to the vehicle, in a negative direction as
a longitudinal direction, to the left asAa right-left direction. In this case, the ball 90 is
displayed. on the left, lower side as shown in FIG. 3. When the vehicle is aceelerated
while turning left, for example, t‘he. vehicle acceleration G is applied to the vehicle, in a
vnegative direction as a longitudinal direction, to the right as a right-left direction.  Thus,
the ball 90 is display te the vl'ower right. When the vehicle is decelerated while tumingb
right, the vehicle acceleration G is applied to the vehicle, in a positive direction as a
- longitudinal direction, to the left as a right-left directien. Thus, the ball 90 is displayed to
the upper left. When the vehicle is decelerated while turning left, the vehicle acceleration
G is applied to the vehicle, in a positive direction as a longitudinal direction, to the right as
a right-left direction. Thus, the ball 90 is displayed to the upper right. Further, increase
of the distance from the ceﬁter 66 of the coneeﬁtfic circles to the ball 90 indicates increase
of the magnitude of the vehicle acceleration G. |
[0039] FIG. 5 indicates the relationship bletween the vehicle longitudinal
acceleration G and the G display amount (the distance of the concentric circle in question
from the center of the concentric circles in FIG. 3). InFIG. 5, the ho‘rizontal-axis indicates
the vehicle longitudinal accelefa‘tion G (vehicle acceleration G) that is actually detected or
ca‘lculated,y and the vertical axis indicates the G dispiay amount (the distanee of the
concentric circle from the center of the ccncentric circles) of the vehicle longitudinal
accelefation G. As shown in FIG. 5, when the vehicle acceleration G ie 0.1 G the G
display amount is 1. The G display amount is 2 when the vehicle acceleration G is 0.2 G,

and the G display amount is 3 when the vehicle acceleration G is03G The G display
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amount is 4 when the vehicle\ acceleration G is 0.4 G and the G display amount is 5 when
the vehicle acceleration G is 0.5 G or larger. The number of the G display amounts
corresponds to the number of the plurality of concentric‘circles 88 of FIG. 3. More
specifically described, in FIG. 3, the radially innermost circle corresponds to the concentric
circle 88 of the G display amount 1, and the concentric circles of the G rlisplay'amount 2,
G display amount 3, G display amount 4, and the G display amount v5 (the radially
outermost circle) are arranged in this order, radielly outwards from the concentr_ic‘circle
(the innermost circle) corresponding to the G display amount 1, toward the radially |
outermost concentric circle 88. Once the G displziy amount is determined, tl1e ball 90 is
placed on the corresponding concentric cirele. When the G display amount is 1, for
example, the ball 90 is placed on the conceritric circle (the innermost circle) corresponding
to the G display amount 1. Thus, the display control unit 60 determines the G display
amount based on FIG. 5, from the detected vehicle acceleration G, and di.splays the ball 90
on the concentric circle corresponding to the determined G display amount. As the
vehicle acceleration G is larger, the G display zimo\unt is larger; lherefore,_the ball 90 is
. placed on the radially outer concentric circle 88, and is located farther zrway from the
~ center 66. While the G display amount is determined based on the vehicle longitudirial
acceleration in FIG. 5,' the G display amount niay be determined in view pf the vehicle
~ lateral acceleration as well as the vehicle longitudinal direction. |
{0040] As the location of the ball 90 gets farther away from the center 66 of the
‘c,oncentric circles 88, the size of the ball 90 displayed becomes larger, or the color of the
ball 90 displayed becomes darker, or the color of the ball 90 is changed, so that the ball 90
is continuously changed. In this manner, the magnitude of the vehicle acceleration G can j
be made further clearer. For example, the ball 90 of FIG. 3 is displayed such that its size
is larger than that of a ball 90’ placed-on the concentric circle 88 located radially 'inwardly
of the ball 90. Alternatively, each time the distance between the center 66 of the
concentric circles 88 and the ball 90 reaches (approaches) one of predetermined distances
set in advance, the size of the ball 90 displayed becomes larger, or the color of the ball 90 |

(lisplayedv becomes darker, or the color of the ball 90 is changed, so that the ball 90 is
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;

changed in a stepwise fashion. "In this rrlanner, foo, the magnitude of the vehicle
acceleration G can be made further clearer. | |
[0041] ”_Fhe display control unit 60 displays the driving force of each wheel, the
Vehicleracceleration G, and the turning angle of the front wheels 84,4at the same time.
Accordingly, the relationship of the vehicle acceleration G with the drivihg force of each
wheel can be grasped, and the driver is able to drive the vehicle 10 according to the
relationship. Further, the 'tuming angle of the front Wheels 84 is displayed in a'siepwise ‘
fashion according to the steering. angle 0, so thét the driver can grasp changes in the ,
driving force distribution and the vehicle acceleration G based on changes in the turning
* angle of the front wheels 84. | |
[0042]‘ - If the failure diag;nosis control unit 58 determinés that an abnormality
' occ;irs to the acceleration sensor, for exam/ple, and the vehicle acceleration G cannot be
detected, the display control unit 60 displays the ball 90 such that it is fixed to the center
| 66 of the concentric circles 88, or does not display the ball 90. In this manner, the display
control unit 60 informs the drivqr of occurrence of the abnormality. As another method of
infofming the driver of occurrence of the abnormélity, ‘the mimic vehicle diagram as a
whole or the concentric circles 83 may be caused to blink, or its light may be turned off, or’
the concentric circles 88 may be indicated by broken lineé, or like, as shown in FIG. 6, so
as to inform‘ the driver of occurrence of the abnormality. It is also possible to inform the
driver of occurrence of the abn_orinélity, by displaying characters or symbols as shown in ‘
FIG. 6, on the mimic.véhicle diagram. It is also possible to inform the driver by sound of
“occurrence of the abn_ormal‘ity. These methods may be cdmbined as appropriate so as to
inform the driver of occurrence of the abnormality. |
[0043] . If the failure diagnosis control‘unit 58 deterrnines that an abnormality
-occﬁrs to the steering angle sensor, for example, and ihe steering angle 0 éannot be
détected, the display control unit 60 inforfns the driver of occurrence of the abnormality, by
fixing the turning angle of the front wheels 84 to zero in the mimic vehicle diagram 64, for
example. As another .meth_od of | informing thé driver of the abnormality, a light

illuminating the front wheels 84 may be turned off, or caused to blink, so as to inform the
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driver of the abnormality. * It is also possible to inform the abnorrnality using characters or
symbols as shown in FIG. 6, or inform the abnormality by sound. -These methods may Be
combined as appropriéte so as to inform the dri\}er of occurrence of the abnormality.

- [0044] ' FIG. 7 is a flowchart illustrating a principal pat of control dperation of the
electronic coﬁtrol unif ,40’ in particular, control operatilon to display a mimic vehicle
diagram with which the driver can grasp traveling \conditions bf the vehicle 10 as needed.

- The flowchart of FIG. 7 is repeatedly executed in extremely short cycles -of several
milliseconds to several tens of milliseébnds, for example. N

[0045]  Initially, in step S1 corresponding to the 4WD driving force computing
unit 52 and the display control unit 60, the driving force of each wheel is calculated, and
the distributién of the driving force among the respective wheels, namely, the display
amount of segments of each wheel, is calculated from the driving force of each wheel. In’
.step S2 corresponding to the display control unit 60, the locatibn of the ball 90 displayed
on one of the concentric circles of the mimic vehicle diagram 64 is calculated, baséd on the
| véhicle acceleration G obtained by th¢ accelerator sensor or by calculation. In step S3
corresponding to the display control unit 60, the turning‘ angle of the front wheels 84 is
determined based on the steering angle 8 detected by the steering angle sensor. Then, in
step S4 corrésp’ondirig to the failure diagnosis control uﬁit 58, it is determined whether an
abnormality has occurred-to the acceleration sensor or the steering angle sensor, for
exampl’e.‘ -If a negative decision (NO) is obtained in step S4, step S5 corrcspohdi_ng to the
~ display coﬂtrol unit 60" is executed so as to display the segment dfsplay amount of éach
wheel, the location of the ball 90 on the concentric circles, and the turning angle of the
‘front wheels 84, which are determined in»steps Si to S3, on the mimic vehicle diagram.
If an affirmative decision (YES) is obtained in step S4, stép SGcorresponding to the
display control unit 60 is executéd so as to switch to display that informs the driver of
occurrence of the abﬁormality, as shown in FIG. 6 by way of example. |

[0046] As described above, acéording to this embodiment, the driving'force Qf -
each wheel, and the magnitude and direction of the vehicle acceleration G that changes

‘according to the driving force, are displayed at the same time on the mimic vehicle
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diagram 64. Asa result, the driver is able to grasp the relationship between the driving
force of ‘each wheel,'end the magnitude and direction of the. vehiele acceleration G as
needed. Accordingly, the driver is able to drive the vehicle, in view of the relationship~
between the driving force of each wheel, and the magnitude and direction of the vehicle
acceleration G. | | » |

[6047] According to this embodiment, the vehicle acceleration G detected by the
acceleratlon sensor or the calculated vehicle acceleratlon G is converted into a form in -
which the vehicle acceleration G can be visually grasped on the mimic vehicle diagram.
Thus, the driver can visually grasp the foﬁn- of the vehicle acceleration G with ease even
during traveling of the vehi_cle. | :

[0048] Also, according to this. enibodiment, the .driver is' able to graep ‘the
direction of the veﬁicle accelerét_ion G from the location of the ball 90 pla‘ced'on the
corieentric circles 88. Also, the driver is able to easily grasp the magnitude of the vehicle
~ acceleration G from.the distance between the center 66 of the concentric circles 88 and the
ball 90. | |

[0049] Aiso, according to this emBodiment, the center 66 of the concentric circles
, 88 is located in the Vlclmty of the center of the mimic vehlcle diagram 64. Accordingly,
. display of the vehlcle acceleration G is easy to view.

[0050] Also, according to th1s embodlment, the size, color density, or color of the
ball 90 is changed. according to the. locatidn of the ball 90. As the»_ distance from the
center 66 of the concentric circles 88 to the ball‘90 is larger, the size of the ball 90
displayed becomes larger, or the color of _the.ball 90 becom_es darker, or the ball 90 is
displayed in another color. In this manner, the magnitude of the vehicle acceleration G is
made further clearer. | |

[0051] ' Also, according to this embodiment, the concentricvcircles_ 88 depict_ed in
the mimic vehicle diegram 64 are displayed in' perspective in ,accordaﬁce with the
perspective display of the vehicle. | Accordiﬁgly, the concentric circles 88 cause no feeling
of strangeness on display. | |

[0052]  Also, according to this embodimeht, when any abnormality occurs te
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detection or calculation of the vve»hicle acceleration G the ball 90 is not displayed. = Thus,
the driver can immediately recognize occurrence of the abnormality. Also, when any
- abnormality occurs to detection of the steering angle 6, the turning angle o‘f the front
wheels 84 is set to zero. Thus, the driver can immediately recognize the abnormality in
detection of the steering angle 0. Further, when the abnormélity occurs, a light |
illuminating a part or the who]e of a display area of the mimic vehicie diagram 64 is turned
- off or caused to blink, or characters or symbols are displayed on the mimic vehicle diagram,
or' sound is generated, so as to inform the driver of occurrence of the abnbrmality. Thus,
the drivér can surely recognize occurrence of the abnormality. A
| A[0053] ‘Also, according to this embodiment, the steering angle 0 is displayed in -
the foﬁn of tﬁe tuming angIe of the front wheels 84 in l'the mimic vehicle diagram 64.
Thus, tﬁe driver can grasp changes in the dﬁving force or changes in the vehicle
acceleration G due to changes in the turning angle of the front wheels 84, as needed. . |
v[0054] Next, other embodiments of the‘ im)eﬁtion will be »dvescribed. In the
following déscription, the same reference numerals .ére aésigned to the same or
corresponding portions or elc;ments as those of the above-described embodiment, and these -
portions or elements will not be explainedi. |
[0055]  FIG. 8 shows one example of mimic vehicle diagram 100 accordmg to a
second embodiment of the invention. In the mimic vehicle diagram 100 of FIG. 8, a
center 104 of a plurality of conceﬁtrié circles 102 indicatihg the vehicle acceleration G is
set in the vicinity of the seated position of the driver. With the center 104 of the
concentric circlés 102 thus set to this position, the véhicle acceleration G is displayed with
respect to the center located at the position of the driver in the mimic vehicle diagram 100.
"Acgiordingly, the driver can sehsually grasp the vehicle acceieration G with further ease.
[0056] As described above, this embodiment provides the same effects as those of
the above-described embodiment, and also provides an effect 6f enatling the driver to
sensually grasp the vehicle acceleration G with further ease,‘ by setting the center 104 of
the concentric circiés ]102 in the vicinity of the seated position of the driver.

[0057] . v .FIG. 9 shows one example of mimic vehicle diagram 110 according to a
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third embodiment of the invention. In the mimic vehicle diagram 110 of FIG. 9, the
vehicle acceleration G is indicated by an arrow 114, in place of 'the_ ball 90 that indicates
“the magnitude and direCtion oi the vehicle acceleration G in the mimic vehicle diagram 64
shown in FIG. 3. The arrow 114 shown in FIG. 9 has a base located at the center of
concentric circles 112, and. ite distal end points in a direction in which the vehicle
- acceleration G is applied. Also, the length of the arrow 114 indicates. the magnitude of
the vehicle acceleration G, and the magnitude of the vehicle acceleration G increases as the
length- of the arrow 114 increases. Thus, the direction and magnitude of the vehicle
acceleration G may be indicated by use of the arrow 114. If an abnormality occurs to
“detection of the vehicle aeceleration G a light illuminating the arrow may be turned off or
caused to blink, for example, so as to inform the ‘driver of the occurrence of the
abnormality Also, the width of the arrow 114 may be increased as the vehicle
. acceleration G increases, so that the magnitude of the vehlcle acceleratlon G can be further
clearly indicated. |

[0058]  As described above, this embodiment provides the same or similar effecte
as the above-described embodiments, and the magnitude of the vehicle acceleration G is
indicated by using the arrow 114 in place of the ball 90 as described above,'so that the
direction and magmtude of the vehicle acceleration G can also be easily grasped.

* [0059] FIG 10 is an enlarged view of a part (upper right portion) of concentric
circles 124 indicating the vehicle acceleration Gina mimie vehicle diagram 120 according
to a fourth embodi‘men‘t of the invention. - The remaining display area of the ‘mimic
vehicle diagram 120 i is substantlally the same as that of the above- descrlbed embodiments,
and therefore is not illustrated in FIG 10 A ball 122a located on a radially outermost
.c1rc1e shown in FIG. 10 1ndlcates the current (or the latest) vehicle acceleration G A ball
122b located inside the ball 122a indicates conditions of the vehicle acceleration G
obtained a given period of time (or one eycle) prior to the present time, relative to the
current vehicle acceleration G. A ball 122c¢ located further inside the ball 122b indicates
conditions of the vehicle acceleration G obtained the given period of time (or one cycle)

prior to the present time. Namely, the ball 122b and the ball 122¢ represent previous'
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vehicle accelerations G, and indicate a trajectory of the vehicle acceleration G (or changes
'~ in the vehicle acceleration G). B |

‘ | [0060] In this embodiment, the ball 122a indicating the current vehicle
acceleration G is displayed most darkly or most brightly, and the balls (122b, 122¢)
indicating the previous vehicle accelerations G ;'«1re dirsplayed more lightly or more darkly.
in a stepwise fashion as the time ét which the vehicle acceleration G was obtained is earlier.
' Accofdingly, the ball 122c¢ indicating the latest or oldest vehicle acceleration G is displayed
‘ mbst lightly. In this manner, the balls 122b, 122¢ c:m"responding Vto the previous velﬁcle :
accelerations G afe displayed in the form of residual images égairist the ball 122a
corresponding to the current vehicle acceleration G, so that the current vehicle acceleration’
G and the previous vehiclev_accelerations G can be easily distinguis.hed from each other,
and the driver can‘ easily grasp changes in the Veilicle acéele.ra‘tio-n G In another example,
thé ball 122a indicating the cﬁr{ent-veh-icle accelerétion G is displayed in the largest size,
and the balls (122b, 122c) indicating the previous Vehiple accelerations G are displayed in
smaller size in a stepWise‘ fashion as the time at which the ?ehicle aécelg:ration G was
obtained is earlier. Accordingly, the ball 122¢ indicating ,t‘hev latest or bldcst vehicle
acceleration G is displayed in the smallest size. With the size of the ball 122 thus
chénged, the current vehicle acceleration G and fh_e prévious vehicle accelerations G can be
distinguished »frOm each other, and the driver can easily grasp changes in the vehicle
-acceleration G. | | |

_[0061] As described above, this embodiment provides the same 0; similar effects
as the above-described embodiments. Furthermore, the previous vehicle accelerations G
are displayed on the mimic vehicle diaéram 120, so that changes in the vehicle acceleration
-G can be grasped as needed, and the driver can drive the vehicle, based on the chémges in
“the vehicle acceleration G. | |
[0062] ! FIG. 11 indicates the relationship between the steering angle 0 and display

of the turning angle of the front wheels 84, according to a.fifth embodiment of the
vinvention, vand corresponds to FIG. 4A of the first embodiment. In FIG. 4A as described

above, the display amount of the turning angle of the front wheels 84 has a linear
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relationship with the steering angle 6. In this embodiment, on the other hand, the display
amount of the turning angle of the front wheels 84 has a non-linear relationship with the
vst'_eering angle .0, as shown in FIG. 11. More specifically, the display arnount of the
turning angle of the front wheels 84 changes’to 2 when the steering angle 0 reaches 15
degrees, and the display amount of the turning angle .of the front wheels 84 changes to 3
\Nhen the steering angle 0 reaches 120 degrees for example. Also, the display amount[of
l the turning angle changes to 4 when the steenng angle 0 reaches 180 degrees and the
display amount of the tuming angle changes to 5 when the steering angle 6 reaches 240
degrees. In this embodlment the steering angle © at which the display amount of the
“turning angle changes is set to the steering angle at which the "dr1v-1ng force control of the
vehicle switches from one mode tc another. For example, if the steering angle 0 reaches |
’15 degrees, the driving force control switches from the 2WD traveiing mode to driving
~ force: distribntion control (torque distribution control) underl which the driving force is
distributed to the front and rear wheels. - Namely, the steering angle 0 of 15 degrees isa
threshold value based on which .thebco,ntrol switches to the driving force distribution
‘control (torque distribution control). ~ Also, if the steering angle 6 reaches 180 degrees, for
- example, driving force | distribution centrol for preventing a tight comer braking
phenqmenon is started, and the distribution of the driving force between the front and rear
wheels 1is changed according to the driving force distribution controL Namely, the
steering .angle ® of 180 degrees is a threshold value based on which the control fcr.
preventing the tight cdrner braking phenomenon is started. Thus, the display amount of
the turning angle of the front vvheels 84 is set so‘as to be changed at the Steering angle 8
(time) at which the control related to the distribution of the driving force between the front
and rear wheels (cr right and left wheels) switches, so that the display amount of the
turning angle of the front wheels 84 is changed at the same time that the driving force
distribution control is switched. Thus, the relationship between the steeringrangle Q"and
theidistribution of the driving force will be further easily understood. Accordingiy, the
driver is able tc easily grasp switching of the driving force distribution control based on

change of the steering angle 6.  The sPeCific control modes or arrangements will not be
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“described herein, since the turning angle of the front wheels 84 is merely displayed based
~on the relatiohship between thev steering angle 6 and the display amount of the tuming
angle of thc fronf wheels 84 as shown in FIG. 11, instead of the above-described
relationship as indicated in FIG. 4. . | |
[0063] As described above, this embodiment .provides the scme.'or similar effects
as the above-described embodiments. Also, the.display cmount of the turning angle of
the front wheels 84 is set so as to be cha.nged at the steering angle 8 at which the driving
force distribution control is switched from one mode to another. Accordingly, the driver -
is able to easily grasp the relationship of the driving force distribution control with change
of the steering angle 0.
[0064] FIG. 12 shows the relationship between the vehicle acceleration G and the
G clispléy amount (the distance of the concentric circlc fr‘om‘ the center of the concentric
circles) of the vehicle acceleration G according to a sixth embodiment of the invention, and
corresponds to FIG. 5 as described above. In FIG. 5, the G display amount (fhe distaince
“of the concentric circle from the center of the concentric circles, the display positicn. of the
ball 90) is linearly changed relative to the vehicle acceleration G. - In this embodimcnt_, as
| shown in FIG. 12, the G display amount is non-linearly changed relative to the vehicle
acceleration G, More specifically, the G display aniount of the vehicle acceleration G
'changes at a large rate when the veﬁicle acceleration G is in a small region. Némely, the
géin in a small region of the vehicle acceleration G is set to be larger than thz;t in-a large
region thereof, so that thc G display amount of thc vehicle acceleration G is more likely to
be changed when the Vehiclc acceleration G is in the small region (the gzﬁn when the
vehicle acceleration G is small is Scf such that the gain when fhe vehicle acccleration Gis
lo§v is larger than the gainvwhen the vehicle acceleration G>is high, to make thc display of
- the vehicle acceleration G be more likely to change as the vehicle acceleration G is lcwcr)./
Accordingly, -he display of the vehicle accelcration G is more likely to. be changed in the
small region of the vehicle acceleration G, and the driver can grasp even a small change in
the vehicle acceleration G in {his region. This type of display is set in the c‘asc where thc

vehicle 10 is in a regular operating region, for example. The regular operating region is
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set to an.-opefating region (e.g., a small-acceleration-stroke, low-vehicle-seed >region) in
which the load applied to the vehicle 10 is small.

[0065] Asb described above, this erhbodiment provide’s thé same or similar effects
as the above-described embodiments: Also, the gain is set so that the display of the
vehicle acceleration G is easily changed, in the regular operating region, whereby the
driver can grasp even a small changé in the vehicle a’cceleratilon G

>[0066] While somé .embodimeAnts of the invention have been described in detail
with reference to the drawings, the invention may be applied in other forms.

[0067]  For example, ea(b:h.o"f the above-described embodiments is described as an
'independént form, but two or more of the embodiments may be combined as needed and
iﬁlplcmcnted. ] For example, the invention may be implemented by using at least one of
the forms of the third embodiment through" the sixth embodiment, in the mimic vehicle
diagram 64"0f the first embodiment. The invention may also- be implementéd by using at
least one of ‘t\he forms of the third embodiment throilgh the sixth embodiment, in the mimic A
véhiéle diagfam 100 of the second embodiment. . :

,[0068]  While the vehicle 10 is depiéted in a peereétive view in the mimic
vvehicle' diagram 64, this inVenfion!is not necessarily limited to this arrangement. For
' éxample, the vehicle 10 may be depicted in a view as seen from above, namely, may be
depicted in a plan view. |

[0069] In the.above-described embodiment's, the driving force of each wheel, the

* vehicle acceleration G, and the turning angle of the front wheels 84 are displayed at the.
same time on the mimic vehi‘cle diagram. However, the turning angle of the front wheels
84 may not be changed. o |

[0070]  In the flowchart o‘f the first embodiment, the order of steps may be
changed as needed. For example, the abnormality detectioﬁ of step S4 may be carried dut

first, and the order of steps S1 to S3 may be freely changed ‘without being particularly
limited.  Also, steps S1 to S3 may be executed at the same time. Also, step S4 and step
S6 may be eliminated. Namely, display that informs the driver of an bab'normality when it .

- is detected may be omitted.
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[0071] Also, in the first embodiment, the ball 90 is displayed on one of the
concentric circles. However, the shape of the symbol indicating the vehicle, acceleration
G is not limited to a sp\here. Rather, the ball 90 may be changed as needed to a symbol
having the shape of a triangle,‘ a quadrangle, or a‘star, provided that the symbol enables the
- driver to grasp the vehicle acceleratiqn G

[0072] In the above-described embbdiments, the vehicle acceleration G is
displayed in the form of the ball 90 or the arrow 114, for example, on the mirhic vehicle
"diagram. However, the form of display rhay be set so és to be changed in accordance
With the preference of'vthe driver. |
] [00731 In- the fourth embodiment as shown in FIG 10, two: previous .vehicle
accelerations G are indicated in addition to the current vehicle acceleration G. However,
the number of symbols representing previous vehicle accelerations G is not particularly
limited. For example, only (‘).ne previous vehicle acceleration G immediately before the
current one, or three or more previous vehicle accelerations G, may be indicated.

| [0074] In the fifth- embodiment as shown in FIG. 11, the display 'amount of the

turning angIe of the front wheels 84 changes when the steering angle 0 is equal te 15
degrees, and the display amount also changes when the steering \éngle 0 is equal to 120
degrees, 180 degrees, and 240 degrees. However, these specific numeral values are mere
examples, and may be changed according to a control mode, etc. of the vehicle.

[0075] - In the above-described embodiments,‘the turning aﬁgle of the front wheels
84 is ehanged in a stepwise fashion on the mimic vehicle diagram. HoWevef, the turning
angle of the front wheels 84 may be continudusly chéngcd. Also, fhe turning angle of the
rear wheels 84 in addition to that of the front wheels 84 may be changed and displayed, if
the vehicle is equipped with a four-wheel steering system capable of changing the turning
angles of the front and rear wheels. |

[0076] In the above-described embediments, the 4WD-ECU 42 that confrols
driving conditions and the display system control ECU 46 are individ.ually or separately
provided in the electronic control unit 40. However, a single ECU rﬁay perform functions

of the 4AWD-ECU and the display system control ECU. The ECU may also be further
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divided into sub-units for performing given functions.

[0077] While the vehicle 10 is the FF-based four—Wheel—drive\yehicle in the
above-described emhodiments, the invention -is not limitedly applied to | the
four-wheel-drive vehicle.  For ‘example, the invention may be applied to a
two-wheel-drive vehicle of a front-wheel drive type or a rear-wheel drive type. Also, in
the vehicle 10, the rear wheels 86 are provided with the right-left-wheel driving force
distribution mechanism 30. However, the right-left-wheel -driving force’ distribution,
mechanism may not be provided, but. only an electronically .controlled coupling that
' contrOIS the distribution of the driving force between the front and rear wheels may be
provided. Also, the front wheels 14, rather than the rear wheels 16, may be provided with
a right left- wheel driving force distribution mechanism, or the front wheels 14 and the rear
wheels 16 may be prov1ded with right-left- wheel driving force d1str1but10n mechanisms.
A specific arrangement for distributing the dr1v1ng force is not limlted to that of the
‘above described embodiments, but may be selected from other arrangements

[0078] .= While the vehche 10 is displayed in perspective m the mimic vehicle
diagram in the above-described embodiments, the vehicle 10 need not be displayed in
p‘erspective,'but may be displayed in a plan view.

[0079] In the above-described emhodiments, the center of the concentric circles is
~ set in the vicinity of the center of the mimic vehicle diagram, or in the vicinity of the
seated.position of the driver. However, the center of the concentric .circles may be set to
another location provided that the driver can easily grasp co‘ndit—ions of the vehicle
acceleration G. _ ,

[0080] While the G display amount isv determined based on' the yehicle
longitudinal acceleration G, as shown in FIG 5, in the above-described embodiments, the
G display amount may also be determined in view of the vehicle lateral acceleration as‘
well as the vehicle longitudinal acceleration.

[0081] It is to be understood that ‘the above-described embodiments are mere .
examoies,- and that the invention can be implemented in other forms with various changes

or improvements, based on the knowledge of those skilled in the art.
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CLAIMS:

1. A display control 'system for a vehicle, the vehicle including a display ‘installed
inside the vehicle, the display.control system corhprising
| an electronic control unit configured to control the display such that
(a) traveling conditions of the vehicle are displayed using a mimic vehicle diagram
displayed on the display, and | |
(b) driving force of wheels, magnitude of a vehicle acceleration and a diréction of the
| vehicle acceleration are displayed on one of the mimic vehicle diagram and a vicinity of

the mimic vehicle diagram.

2. The display control system according to claim 1, wherein

the magnitude of the vehicle acceleration and the direction of the vehicle acceleration
are indicated byAconv‘ervting the vehicle accelérz'ltion.into a form that enables the vehicle
acceleration to be visually grasped on the mimic vehicle ’diagfam, and the - vehicle

]

acceleration is directly detected or calculated.

3. The display control system accofding to claim 1 or 2, whefein

the electronic control unit is configuréd to control the display such that -

@) the magnitude and the direction of the vehicle acceleration are indicated by a
pdsition of a symbol placcd on a plurality of concentric circles ‘aﬁanged about the same
‘center, and |

(ii) a distancé from the same center to the position of the symbdl increases as the

vehicle acceleration is larger.

4. The display control system according to claim 3, wherein -
the center of the concentric circles is located in one of a vicinity of a center of the

mimic vehicle diagram and a vicinity of a seated position of a driver.
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| 5. The di_splay corrtrol system according to claim '3 or 4, wherein

the electronic control unit is configured to control the display such that

@ia residual image 'i‘ndicating a trajectory of the symbol is displayed, and

(ii) the symbol is displayed more lightly as a point in time at which the Vehrcle

acceleration represented by the symbol is obtained is earlier. .

6. The display control system according to any one of claims 3 to '5, Whereih '

the electronic control unit is configured to control the drsplay such that |

(i) at least one of a size, a color density, or a color of the symbol is changed aecording
to the position of the symbol, and |

(ii) the size of the symbol is larger, the color of the symbol is darker, or the symbol is
indicated in another color; as the distarrce from the center of the concentric circleS to the

: posmon of the symbol increases, or |

the size of the symbol is larger the color of the symbol is darker or the symbol is
indlcated in another color, when the distance from the center of the concentric circles to the
‘sy’mbol reaches a predetermined distarrce, as ‘compared with the case where the distance
from the ‘center* of the concentric circles to the symbol does not reach the predetermined

distance.

7. The display control system according to any one of claims 3 to 6, wherein
the electronic control unit is configured to control the display such that the concentric

circles are displayed in perspective, in accordance with perspective display of the vehicle.

8. The display control system according to claim 1 or 2, wherein
the electronic control unit is configured to control the display such that the magnitude
and the direction of the vehicle accelerction are indicated by an arrow having-an origin

located at one point on the mimic vehicle diagram.

9. The display control system according to any one of claims 3 to 6, wherein
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the electronic control unit is configured to control the display such that the symbol is
fixed to the center of the concentric circles, or the symbol is not displayed, when an

abnormality occurs to detection or calculation of the vehicle acceleration.

10. The display control system according to claim 1, wherein
the electronic control unit is configured to control the display such that an amount of

steering of a driver is indicated by a turning angle of a tire in the mimic Vehicle diagram.

11. The display control system according to claim 10, wherein
the electronic control unit is configured to change the turning angle of the tire relative
to the amount of steering of the driver, at a time when driving force distribution control is

switched from one mode to another.

12. The display control System according ‘to claim 10 or 11, wherein’
the electronic coht‘rol unit is’ configured to set a gain such thét the gain when the
vehicle acceleratlon is low is larger than the gain when the vehicle acceleration is hlgh to
make the display of the vehicle acceleration be more hkely to change as the VCthlC

acceleration is lower.

13; The display control system according to any one of claims 10 to 12, wherein -
the electronic centrol unit is conﬁgured to set the tufning angle to zero when an
abnormality occﬁrs to detection of the amount of steering of tvhe driver. g
14. The display control system according to claim 9 or 13, wherein
- the electronic control unit is configured to perform one of the following ope;ations
when the atnormality occurs, so as to inform a driver of the abnormahty,
| (@) turmng off a light illuminating a part of or the whole of a dlsplay area of the
mimic vehicle diagram,

(b) blinking a part of or the whole of the display area of the mimic vehicle diagram,
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(©) displaying a character on the mimic vehicle diagram,
(d) displaying a symbol on the mimic vehicle diagram; or

(e) generating sound.

15. The display control system according to any one of claims 1 to 14, wherein .
the vehicle includes a drive unit that performs at least one of distribution of driving
force between front and rear wheels, or distribution of driving force between right and left

| wheels.



WO 2015/079301 PCT/IB2014/002554
1/11

FIG. 1

14R
140 20\ |~ 7
| L
26
k ECU
32L 1 32R
[T




PCT/IB2014/002554

WO 2015/079301

2/11

OF =

NO03d TOHLNOD
W3LSAS AV1dSId

LINN JOEzo&

7

ONDIVHE )
a3dINo 3y

AV 1dSIA
09"t snowvo-1 - .
INNWINOD e “
[ SNOILVOINNWNOD - _rmv Q_
LINN T041NOD 189G
SISONDVIA | ;
4N V4
_u8z Sk ¢S~ 05 LAY
"1 [ LINN DNILNdWOD 1INA
(DNIdNOD) LN IOUINOY (OLLVY ONINIAM313A] | ozahm_w_mom d
[ NOINIMLSIC Ll NolLAgISIa) el NOILIGNOD ™ [ ONIRSHOOHd Y
oz:n_:oo 155804 ONIAA, 1 35504 DNIAING HNINNNY JONDIS,
amp T10IHIA
CSn_SoV/.f . : —
18¢ 0¢€ ~0b

¢ Ol4d

304904 DNIAIYA
L~ a3gino3ad

4 ™

MS 30N dMP
dOSN4S

[ {3 TONV DNIH331S

JOSNIS
31Vd MVYA
dOSN4S
NOILYH31400V
dOSN4S
| 033dS TT3IHM |




WO 2015/079301 PCT/IB2014/002554
3/11

BRI
| % .
|

86L 86R |



PCT/IB2014/002554

WO 2015/079301

4/11

€ AV1dSlId

dy O14d

[9p] ITONY HDNIYIILS
09 0.LZ 081 06

X m ;)\ b AVdSIa
— \

S3HIL 40 JTONY DNININL
40 LNNOWV AV1dSId



WO 2015/079301 PCT/IB2014/002554
5/11

G DISPLAY AMOUNT OF
LONGITUDINAL G
(DISTANCE FROM CENTER OF
CONCENTRIC CIRCLES)
wW

0.10 020 030 040 0.50

VEHICLE LONGITUDINAL
ACCELERATION G



WO 2015/079301 PCT/IB2014/002554
6/11

FIG.G6

HERL

~ 7
N S~ - -’

~
-

- — T e

\~---—--"

_L NN
| [N




WO 2015/079301 PCT/IB2014/002554
7/11

FIG.7

CALCULATE DRIVING
FORCE DISTRIBUTION
(SEGMENT DISPLAY AMOUNT) |~ S1
OF EACH WHEEL BASED ON
DRIVING FORCE OF EACH WHEEL

DETERMINE POSITION
OF BALL BASED ON VEHICLE —~ S2
ACCELERATION

CALCULATE TURNING ANGLE
OF FRONT WHEELS BASED ON |~ S3
STEERING ANGLE

ABNORMALITY
DETECTED?

- YES

S5 S6
s L
DISPLAY DRIVING DISPLAY
FORCE (DISTRIBUTION), ABNORMALITY

VEHICLE ACCELERATION, AND
FRONT-WHEEL TURNING ANGLE
ON MIMIC VEHICLE DIAGRAM

( RETURN )




WO 2015/079301 PCT/IB2014/002554
8/11

FIG.S

100
\

ARRLD

L
BELD




WO 2015/079301 PCT/IB2014/002554
9/11

C——




WO 2015/079301 PCT/IB2014/002554
10/11

FIG.10

: 124 120
—J J

122a BALL (PRESENT)

122b BALL (ONE CYCLE AGO)
122¢c BALL (TWO CYCLES AGO)

9 |---

DISPLAY AMOUNT OF
TURNING ANGLE OF TIRES
w

—
emmmecmm -
D R R T L LT LY
R L L L L T I I I Y Y Y s

>

15 120 180 240
STEERING ANGLE [deg]



WO 2015/079301 PCT/IB2014/002554

11/11

FIG.12

CENTER OF
CIRCLES)
N

G DISPLAY AMOUNT OF
LONGITUDINAL G

(DISTANCE FROM
CONCENTRIC

0.05)0.10 0.25 0.50
0.08

. VEHICLE LONGITUDINAL
ACCELERATION G



INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2014/002554
A. CLASSIFICATION OF SUBJECT MATTER
INV. B60K35/00 B6OW50/14
ADD. B60K23/08 B60K28/16 B60T8/1755 B60K23/04

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B60OK B6OW B6OT

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 7 145 442 B1 (WAI YU HEI SUNNY [US]) 1-4,6-8,
5 December 2006 (2006-12-05) 10

Y abstract 10,13-15
figures 2,8A,12A,15,16,19A,19B

column 3, lines 46-48

column lines 12-14

column 1ine 60 - column 6, Tine 16
column 7, lines 21-55

column 8, lines 33-49

column 9, lines 1-20,40-45

column 10, line 24 - column 11, Tine 33
column 12, line 20 - column 13, Tine 6
claims 35,42

-

OWOoOONOT2W

Y JP S61 244627 A (MAZDA MOTOR)
30 October 1986 (1986-10-30)
abstract

figures 1-5

1-10,
13-15

_/__

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

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

"Y" document of particular relevance; the claimed invention cannot be

special reason (as specified)

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

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

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 April 2015

Date of mailing of the international search report

11/05/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hauser-Schmieg, M

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2014/002554

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

A,P

DE 103 41 846 Al (FORD GLOBAL TECH LLC
[US]) 31 March 2005 (2005-03-31)
paragraphs [0001], [0006], [0008] -
[0014], [0025] - [0030]

figures 1-4

DE 10 2009 041194 Al (CONTINENTAL
AUTOMOTIVE GMBH [DE])

24 March 2011 (2011-03-24)

paragraphs [0001], [0003], [0005],
[0010] - [0014], [0043] - [0046]
figures 1-3

EP 2 672 275 Al (HONDA MOTOR CO LTD [JP])
11 December 2013 (2013-12-11)

the whole document

1-10,
13-15

1-8

1-15

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2014/002554
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7145442 Bl 05-12-2006  NONE
JP S61244627 A 30-10-1986  JP HO641251 B2 01-06-1994
JP S61244627 A 30-10-1986
DE 10341846 Al 31-03-2005  NONE
DE 102009041194 Al 24-03-2011 NONE
EP 2672275 Al 11-12-2013 CN 103448552 A 18-12-2013
EP 2672275 Al 11-12-2013
JP 5422702 B2 19-02-2014
JP 2013249026 A 12-12-2013
US 2013325279 Al 05-12-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report

