VEHICLE INPUT DEVICE, VEHICLE INPUT METHOD,
AND NON-TRANSITORY STORAGE MEDIUM STORED WITH VEHICLE INPUT
PROGRAM

BACKGROUND
Technical Field
[0001] The present disclosure relates to a vehicle input device.
[0002] For example, Japanese Patent Application Laid-Open (JP-A) No. 2006-315562 discloses an
in-vehicle input device in which plural switches are provided at a steering wheel. In this in-vehicle
input device, the placement of options on a virtual screen displayed on a front windshield by a head-
up display corresponds with the placement of the switches.
[0003] When there is a correspondence relationship between positions on a virtual screen and the
positions of switches (operation sections) as in the in-vehicle input device disclosed in JP-A No.
2006-315562, an occupant can more easily operate a desired switch while keeping their gaze
directed toward the front. However, the likelihood of erroneous input increases if the plural
switches are disposed close together.

SUMMARY

[0004] The present disclosure obtains a vehicle input device capable of suppressing erroneous input
during operation without the need to greatly shift one's gaze when driving in a case in which plural
operation sections are disposed close together.
[0005] A vehicle input device of a first aspect includes an operation detection section configured to
detect input to an onboard unit allocated to one operation section of plural of operation sections
provided in a vicinity of a driving seat due to the one operation section being operated, a
preliminary action detection section configured to detect a preliminary action directly prior to the
one operation section being operated, a display section provided at a vehicle front side of the
driving seat and configured to display images that represent each of the plurality of operation
sections, and a notification section configured to notify an occupant by displaying, on the display
section, information relating to the onboard unit allocated to the one operation section in a case in
which the preliminary action has been detected by the preliminary action detection section, prior to
the one operation section being operated. The operation detection section is configured to detect
input to the onboard unit allocated to the one operation section, due to the one operation section
being pressed, and the preliminary action detection section is configured to detect touching of the
one operation section by the occupant as the preliminary action directly prior to the one operation

section being pressed.



The notification section is configured to display on the display section, with every image layer, at
least one of an icon or text indicating the onboard unit allocated to the one operation section being
touched by the occupant. A different function is allocated to at least one operation section of the
plurality of operation sections, depending on the image layer displayed on the display section, when
the at least one of an icon or text displayed on the display section is switched.

[0006] In the vehicle input device as disclosed, the plural operation sections are provided in the
vicinity of the driving seat. Input to the onboard unit allocated to the one operation section is
detected by the operation detection section when the one operation section is operated by the
occupant.

[0007] The preliminary action directly prior to the one operation section being operated is detected

by the preliminary action detection section. The occupant is then notified of the
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information relating to the onboard unit allocated to the one operation section by the notification
section. The occupant is therefore able to ascertain the information relating to the onboard unit
allocated to the one operation section directly prior to the one operation section being operated
without diverting their eyes toward the operation section. Note that the "operation" referred to here
is, for example, a concept encompassing pressing the operation section or touching the operation
section. Moreover, the "onboard unit" referred to here is, for example, a concept encompassing
travel assist equipment such as active cruise control (ACC) and lane tracing assist (LTA) in addition
to other equipment such as an air conditioner, an audio system, a car navigation system, or an audio
input device.

[0008]

[0009] In the vehicle input device as disclosed, the information relating to the onboard unit
allocated to the one operation section is displayed on the display section at the vehicle front of the
driving seat in a case in which the preliminary action directly prior to the one operation section
being operated has been detected by the preliminary action detection section. This enables the
occupant to ascertain the information relating to the onboard unit allocated to the operation section
they are about to operate by looking at the display section.

[0010]

[0011] In the vehicle input device as disclosed, the information relating to the onboard unit
allocated to the operation section that is being touched is displayed on the display section when the
occupant touches the one operation section. This enables the occupant to ascertain the information
relating to the onboard unit they are about to operate by touching the one operation section. From
the touched state, input to the onboard unit is then performed by pressing the operation section.
[0012] The notification section may be configured to emphatically display the image corresponding
to the one operation section that the occupant is touching.

[0013] In the vehicle input device as disclosed, an image is displayed on the display



section to represent each of the plural operation sections. The notification section emphatically
displays the image corresponding to the one operation section that the occupant is touching. This
enables the occupant to ascertain which of the operation sections they are touching by looking at the
display section.

[0014]

[0015] In the vehicle input device as disclosed, the notification section displays on the display
section the at least one of an icon or text for the information relating to the onboard unit allocated to
the one operation section being touched by the occupant. This enables the occupant to see the at
least one of an icon or text displayed on the display section.

[0016]

[0017] In the vehicle input device as disclosed, a different function is allocated to the operation
section when the at least one of the icon or text displayed on the display section is switched.
Namely, plural functions can be allocated to a single operation section.

[0018] At least one operation section of the plural operation sections may be switched to an
inoperable state when the at least one of an icon or text displayed on the display section is
categorized as not-for-display.

[0019] In the vehicle input device as disclosed, the at least one operation section of the operation
sections is switched to the inoperable state when the at least one of the icon or text displayed on the
display section is categorized as not-for-display. This enables the occupant to ascertain the
operation section that is inoperable by looking at the display section. Note that "inoperable" here is
a concept encompassing cases in which although pressing is physically possible, such pressing does
not result in input to the allocated onboard unit.

[0020] The display section may be a display screen projected from a head-up display onto a partial
region of a windshield.

[0021] In the vehicle input device as disclosed, information relating to the onboard unit allocated to
the operation section that is about to be operated is displayed on the windshield. This enables the
occupant to ascertain the information while keeping their gaze directed toward the scene ahead of

the vehicle.



[0022] The plural operation sections may be provided at a steering wheel provided at a
vehicle front of the driving seat.

[0023] In the vehicle input device as disclosed, the plural operation sections are provided at
the steering wheel, and input to the onboard unit allocated to the operation section is detected
by the operation detection section when the operation section is operated.

[0024] As described above, the vehicle input device as disclosed is capable of suppressing
erroneous input during operation without the need to greatly shift one's gaze when driving in
a case in which plural operation sections are disposed close together.

[0025] The vehicle input device as disclosed is also capable of suppressing erroneous input
since the occupant looks at the information displayed on the display section while driving.
[0026] The vehicle input device as disclosed enables the occupant to ascertain the
information relating to the onboard unit allocated to the one operation section without
performing a deliberate action directly prior to operating the one operation section.

[0027] The vehicle input device as disclosed also enables the operation section that is being
touched to be easily ascertained.

[0028] The vehicle input device as disclosed also enables the occupant to reliably ascertain
the information relating to the onboard unit that they are about to operate while keeping their
gaze directed ahead of the vehicle.

[0029] The vehicle input device as disclosed further enables the number of operation sections
to be decreased in comparison to cases in which only a single function is allocated to a single
operation section.

[0030] The vehicle input device as disclosed further enables the occupant to easily check
operable operation sections and input-disabled operation sections while looking ahead of the
vehicle.

[0031] The vehicle input device as disclosed further enables the occupant to look at the
information displayed on the display section while keeping their gaze directed toward the
scene ahead of the vehicle.

[0032] The vehicle input device as disclosed further enables the occupant to perform input to
the onboard unit in a while gripping the steering wheel.

[0032a] Another aspect provides a vehicle input method comprising detecting input to
an onboard unit allocated to one operation section of a plurality of operation sections
provided in a vicinity of a driving seat, due to the one operation section being operated;
detecting a preliminary action directly prior to the one operation section being operated; and

notifying an occupant by displaying, on a display section at a vehicle front side of the driving

4



seat, information relating to the onboard unit allocated to the one operation section in a case
in which the preliminary action has been detected, prior to the one operation section being
operated. The method also includes detecting the input to the onboard unit allocated to the
one operation section when the one operation section is pressed, detecting touching of the one
operation section by the occupant as the preliminary action directly prior to the one operation
section being pressed, displaying on the display section, with every image layer, at least one
of an icon or text indicating the onboard unit allocated to the one operation section being
touched by the occupant, and allocating a different function to at least one operation section
of the plurality of operation sections, depending on the image layer displayed on the display
section, when the at least one of an icon or text displayed on the display section is switched.
[0032b] Another aspect provides a non-transitory storage medium storing a program
executable by a processor to perform vehicle input processing, the vehicle input processing
comprising detecting input to an onboard unit allocated to one operation section of a plurality
of operation sections provided in a vicinity of a driving seat, due to the one operation section
being operated; detecting a preliminary action directly prior to the one operation section
being operated; and notifying an occupant by displaying, on a display section at a vehicle
front side of the driving seat, information relating to the onboard unit allocated to the one
operation section in a case in which the preliminary action has been detected, prior to the one
operation section being operated. The vehicle input processing further comprises detecting
the input to the onboard unit allocated to the one operation section when the one operation
section is pressed, detecting touching of the one operation section by the occupant as the
preliminary action directly prior to the one operation section being pressed, displaying on the
display section, with every image layer, at least one of an icon or text indicating the onboard
unit allocated to the one operation section being touched by the occupant, and allocating a
different function to at least one operation section of the plurality of operation sections,
depending on the image layer displayed on the display section, when the at least one of an

icon or text displayed on the display section is switched.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033] Exemplary embodiments of the present invention will be described in detail based on

the following figures, wherein:
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Fig. 1 is a diagram illustrating a front section of a vehicle cabin of a vehicle applied with
a vehicle input device according to a first exemplary embodiment, as viewed from a vehicle
rear side;

Fig. 2 is an enlarged view illustrating relevant portions of part of the steering wheel in
Fig. 1;

Fig. 3 is a diagram illustrating an example of display on a display section of the first
exemplary embodiment, and illustrates left-hand switches in a first layer and right-hand
switches in a first layer;

Fig. 4A is a diagram illustrating an example of display on a head-up display of the first
exemplary embodiment, and illustrates left-hand switches in a first layer;

Fig. 4B is a diagram illustrating an example of display on a head-up display of the first
exemplary embodiment, and illustrates left-hand switches in a second layer;

Fig. 5A is a diagram illustrating an example of display on a head-up display of the first
exemplary embodiment, and illustrates a state in which a lower button of a first left tactile
switch has been touched;

Fig. 5B is a diagram illustrating an example of display on a head-up display of the first
exemplary embodiment, and illustrates a state in which a fourth left tactile switch has been
touched;

Fig. 6A is a diagram illustrating an example of display on a head-up display of the first
exemplary embodiment, and illustrates a state in which a third right tactile switch has been
touched;

Fig. 6B is a diagram illustrating an example of display on a head-up display of the first
exemplary embodiment, and illustrates a state in which a third right tactile switch has been
pressed, and a lower button of a first right tactile switch has been touched;

Fig. 6C is a diagram illustrating an example of display on a head-up display of the first
exemplary embodiment, and illustrates a state in which a lower button of a first right tactile
switch has been pressed;

Fig. 7 is a block diagram illustrating a hardware configuration of a vehicle input device
according to the first exemplary embodiment;

Fig. 8 is a block diagram illustrating a functional configuration of a vehicle input device
according to the first exemplary embodiment;

Fig. 9 is a flowchart illustrating an example of a flow of display processing by a vehicle
input device according to the first exemplary embodiment;

Fig. 10 is a block diagram illustrating a hardware configuration of a vehicle input device

according to a second exemplary embodiment;
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Fig. 11 is a block diagram illustrating a functional configuration of a vehicle input device
according to the second exemplary embodiment; and
Fig. 12 is a flowchart illustrating an example of a flow of audio notification processing

by a vehicle input device according to the second exemplary embodiment.

DETAILED DESCRIPTION

[0034]  First Exemplary Embodiment

Explanation follows regarding a vehicle input device 10 according to a first exemplary
embodiment, with reference to the drawings. As illustrated in Fig. 1, an instrument panel 14
is installed in a front section of a vehicle cabin of a vehicle 12 applied with the vehicle input
device 10 of the present exemplary embodiment. A windshield 16 is installed at a front end
portion of the instrument panel 14. The windshield 16 extends along a vehicle vertical
direction and a vehicle width direction so as to partition the vehicle cabin interior from the
vehicle cabin exterior.
[0035] A display screen 17, serving as a display section, is set on the windshield 16. The
display screen 17 is a screen set in a region of the windshield 16 at a vehicle front side of a
driving seat, and serves as a screen where images from a head-up display 19 (see Fig. 7) are
projected onto a partial region of the windshield 16.
[0036] A steering wheel 18 is provided on the driving seat side (vehicle right side) of the
instrument panel 14 through a non-illustrated steering column. The steering wheel 18
includes a substantially annular rim 18A. A hub 18B configuring a central portion is
provided at an inner peripheral side of the rim 18A. The rim 18A and the hub 18B are
coupled together by plural spokes 18C (three in the present exemplary embodiment).
[0037] The spokes 18C are provided at three locations, namely between the right side of
the rim 18A and the hub 18B, between the left side of the rim 18A and the hub 18B, and
between the lower side of the rim 18A and the hub 18B. Note that right-hand switches 20R
are provided at the spoke 18C between the right side of the rim 18A and the hub 18B.
Left-hand switches 20L are provided at the spoke 18C between the left side of the rim 18A
and the hub 18B. The right-hand switches 20R and the left-hand switches 20L are described
in detail later.
[0038] Hardware Configuration

Fig. 7 is a block diagram illustrating hardware configuration of the vehicle input device
10. As illustrated in Fig. 7, the vehicle input device 10 includes an electronic control unit
(ECU) 24 serving as a control section. The ECU 24 is configured including a central

processing unit (CPU) 26, read only memory (ROM) 28, random access memory (RAM) 30,
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storage 32, a communication interface 34, and an input/output interface 36. The respective
configuration elements are connected so as to be capable of communicating with each other
through a bus 38.

[0039] The CPU 26 is a central processing unit for executing various programs and
controlling various sections. Namely, the CPU 26 serves as a processor that reads a program
from the ROM 28 or the storage 32, and executes the program using the RAM 30 as a
workspace. The CPU 26 controls the respective configuration elements and performs
various computational processing according to the program recorded in the ROM 28 or the
storage 32.

[0040] The ROM 28 holds various programs and various data. The RAM 30 serves as a
workspace to temporarily store programs or data. The storage 32 is configured by a hard
disk drive (HDD) or a solid state drive (SSD), and holds various programs including an
operating system, as well as various data.

[0041] The communication interface 34 is an interface allowing the ECU 24 to
communicate with a server and other devices, and employs a protocol such as Ethernet
(registered trademark), FDDI, or Wi-Fi (registered trademark).

[0042] The head-up display (HUD) 19, onboard units 39, the right-hand switches 20R, and
the left-hand switches 20L are connected to the input/output interface 36. Specifically, the
input/output interface 36 is connected to the HUD 19 that projects an image onto the display
screen 17. On receiving a signal from the ECU 24, the HUD 19 projects an image onto the
display screen 17. The onboard units 39 is a collective term encompassing travel assist
equipment such as active cruise control (ACC) and lane tracing assist (LTA) in addition to
other equipment such as an air conditioner, an audio system, a car navigation system, and an
audio input device.

[0043] The right-hand switches 20R include a first right tactile switch 40. The right-hand
switches 20R also include a second right tactile switch 42, a third right tactile switch 44, and a
fourth right tactile switch 46, each serving as operation section and configured by a contact
detection switch. The right-hand switches 20R also include a first right static sensor 41, a
second right static sensor 43, a third right static sensor 45, and a fourth right static sensor 47.
[0044]  As illustrated in Fig. 2, the first right tactile switch 40 is formed in a substantially
circular shape, and includes an upper button 40A, a lower button 40B, a right button 40C, and
a left button 40D, serving as operation sections. The first right tactile switch 40 is thereby
configured so as to be capable of being pressed at the top, bottom, left, and right thereof.
These buttons are mainly employed when operating driving assist equipment.

[0045]  The first right static sensor 41 is provided at the first right tactile switch 40 so as to
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enable detection of when an occupant has touched the first right tactile switch 40.
Specifically, the first right static sensor 41 is capable of detecting which button the occupant
has touched out of the upper button 40A, the lower button 40B, the right button 40C, or the
left button 40D of the first right tactile switch 40. Note that the functions allocated to the
upper button 40A, the lower button 40B, the right button 40C, and the left button 40D change
when an image (at least one of an icon or text) displayed on the display screen 17 is switched.
[0046] When the steering wheel 18 is viewed face-on, the second right tactile switch 42 is
installed at the lower-right of the first right tactile switch 40, and is formed in a substantially
circular shape with a smaller diameter than the first right tactile switch 40. The second right
tactile switch 42 of the present exemplary embodiment is allocated a function of switching the
image displayed on the display screen 17 when pressed. Namely, a layer displayed on the
display screen 17 is switched. The second right static sensor 43 is provided at the second
right tactile switch 42 so as to enable detection of when the occupant has touched the second
right tactile switch 42.

[0047]  When the steering wheel 18 is viewed face-on, the third right tactile switch 44 is
installed at the upper-left of the first right tactile switch 40, and is formed substantially in the
shape of a rectangle beveled at a lower-right corner.  The third right tactile switch 44 of the
present exemplary embodiment is allocated a function of actuating the ACC when pressed.
The third right static sensor 45 is provided at the third right tactile switch 44 so as to enable
detection of when the occupant has touched the third right tactile switch 44.

[0048] The fourth right tactile switch 46 is installed below the third right tactile switch 44,
and is formed substantially in the shape of a rectangle beveled at an upper-right corner. The
fourth right tactile switch 46 of the present exemplary embodiment is allocated a function of
actuating the LTA when pressed. The fourth right static sensor 47 is provided at the fourth
right tactile switch 46 so as to enable detection of when the occupant has touched the fourth
right tactile switch 46.

[0049] Asillustrated in Fig. 7, the left-hand switches 20L include a first left tactile switch
48. The left-hand switches 20L also include a second left tactile switch 50, a third left tactile
switch 52, and a fourth left tactile switch 54, each serving as operation section and configured
by a contact detection switch. The left-hand switches 20L also include a first left static
sensor 49, a second left static sensor 51, a third left static sensor 53, and a fourth left static
sensor 55.

[0050]  Asillustrated in Fig. 2, the first left tactile switch 48 is formed in a substantially
circular shape, and includes an upper button 48A, a lower button 48B, a right button 48C, and

a left button 48D, serving as operation sections. The first left tactile switch 48 is thereby
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configured so as to be capable of being pressed at the top, bottom, left, and right thereof.
[0051] The first left static sensor 49 is provided at the first left tactile switch 48 so as to
enable detection of when the occupant has touched the first left tactile switch 48.
Specifically, the first left static sensor 49 is capable of detecting which button the occupant
has touched out of the upper button 48A, the lower button 48B, the right button 48C, or the
left button 48D of the first left tactile switch 48. Note that the operations allocated to the
upper button 48A, the lower button 48B, the right button 48C, and the left button 48D change
according to the layer displayed on the display screen 17.
[0052] When the steering wheel 18 is viewed face-on, the second left tactile switch 50 is
installed at the lower-left of the first left tactile switch 48, and is formed in a substantially
circular shape with a smaller diameter than the first left tactile switch 48. The second left
tactile switch 50 of the present exemplary embodiment is allocated a function of changing the
image layer displayed on the display screen 17 when pressed. The second left static sensor
51 is provided at the second left tactile switch 50 so as to enable detection of when the
occupant has touched the second left tactile switch 50.
[0053] When the steering wheel 18 is viewed face-on, the third left tactile switch 52 is
installed at the upper-right of the first left tactile switch 48, and is formed substantially in the
shape of a rectangle beveled at a lower-left corner.  The third left tactile switch 52 is
allocated a function of raising the volume when pressed. The third left static sensor 53 is
provided at the third left tactile switch 52 so as to enable detection of when the occupant has
touched the third left tactile switch 52.
[0054] The fourth left tactile switch 54 is installed below the third left tactile switch 52,
and is formed substantially in the shape of a rectangle beveled at an upper-left corner. The
fourth left tactile switch 54 is allocated a function of lowering the volume when pressed.
The fourth left static sensor 55 is provided at the fourth left tactile switch 54 so as to enable
detection of when the occupant has touched the fourth left tactile switch 54.
[0055] Functional Configuration

The vehicle input device employs the hardware resources illustrated in Fig. 7 to
implement various functionality. Explanation follows regarding the functional configuration
implemented by the vehicle input device, with reference to Fig. 8.
[0056] Asillustrated in Fig. 8, functional configurations of the vehicle input device 10
include a communication section 80, an operation detection section 82, a preliminary action
detection section 84, an operation validity determination section 86, a not-for-display setting
section 88, and a notification section 90. The respective functional configurations are

implemented by the CPU 26 of the ECU 24 reading a program stored in the ROM 28 or the
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storage 32, and executing this program.

[0057] The communication section 80 communicates with the server, equipment external to
the vehicle, and so on, through the communication interface 34. When one switch out of the
right-hand switches 20R or the left-hand switches 20L is touched or pressed, the operation
detection section 82 detects input to the onboard unit 39 that corresponds to the touched or
pressed right-hand switch 20R or left-hand switch 20L.  Specifically, input is detected when
a signal is received from the first right tactile switch 40, the second right tactile switch 42, the
third right tactile switch 44, or the fourth right tactile switch 46 of the right-hand switches
20R. Alternatively, input is detected when a signal is received from the first left tactile
switch 48, the second left tactile switch 50, the third left tactile switch 52, or the fourth left
tactile switch 54 of the left-hand switches 20L.

[0058] The preliminary action detection section 84 detects a preliminary action directly
prior to a right-hand switch 20R being pressed, and a preliminary action directly prior to a
left-hand switch 20L being pressed. Specifically, as a preliminary action, the preliminary
action detection section 84 detects a state in which a switch is touched directly prior to being
pressed when a signal is received from the corresponding first right static sensor 41, second
right static sensor 43, third right static sensor 45, or fourth right static sensor 47. Similarly,
as a preliminary action, the preliminary action detection section 84 detects a state in which a
switch is touched directly prior to being pressed when a signal is received from the
corresponding first left static sensor 49, second left static sensor 51, third left static sensor 53,
or fourth left static sensor 55. For example, when the occupant has touched at least one
switch out of the right-hand switches 20R or the left-hand switches 20L, the corresponding
sensor detects this as a preliminary action directly prior to this switch being pressed.

[0059] When input to the corresponding onboard unit 39 has been detected by the
functionality of the operation detection section 82, the operation validity determination
section 86 determines whether or not an operation is possible. Namely, the first right tactile
switch 40 and the first left tactile switch 48 are allocated different functions depending on the
layer displayed on the display screen 17, and may be switched to an inoperable state in some
layers. The operation validity determination section 86 determines whether or not the first
right tactile switch 40 or the first left tactile switch 48 is in an inoperable state in which input
cannot be accepted.

[0060] The not-for-display setting section 88 sets not-for-display items corresponding to
some of the information displayable on the display screen 17. Specifically, each of the
switches is pre-set with content categorized as not-for-display depending on the layer. The

not-for-display setting section 88 is capable of determining whether or not content is
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categorized as not-for-display by referring to values of these settings.
[0061] In a case in which a preliminary action has been detected by the functionality of the
preliminary action detection section 84, the notification section 90 notifies the occupant of
information relating to the onboard unit 39 corresponding to the right-hand switch 20R or the
left-hand switch 20L that is expected to be pressed. Specifically, the notification section 90
notifies the occupant visually by displaying information relating to the onboard unit 39 on the
display screen 17 provided at the vehicle front side of the driving seat.
[0062] Explanation Regarding Display Information

Explanation follows regarding an example of display information displayed on the
display screen 17 of the present exemplary embodiment, with reference to Fig. 3 to Fig. 6.
Fig. 3 illustrates an image of a first layer menu screen corresponding to the right-hand
switches 20R and an image of a first layer menu screen corresponding to the left-hand
switches 20L.
[0063] A first right frame 62 corresponding to the first right tactile switch 40 is displayed
on the right side of the display screen 17. The first right frame 62 is configured including an
upper arc portion 62A, a lower arc portion 62B, a right arc portion 62C, and a left arc portion
62D. The upper arc portion 62A, the lower arc portion 62B, the right arc portion 62C, and
the left arc portion 62D respectively correspond to the upper button 40A, the lower button
40B, the right button 40C, and the left button 40D of the first right tactile switch 40.
[0064] Note that an icon M1 is displayed close to the upper arc portion 62A. The icon
M1 has a design representing the letters "RES". Namely, the icon M1 corresponds to a
"resume" function. An icon M2 is displayed close to the lower arc portion 62B. The icon
M2 has a design representing the letters "SET". Namely, the icon M2 corresponds to a "set"
function.
[0065] Anicon M3 is displayed close to the right arc portion 62C. The icon M3 has a
design representing the letters "CANCEL". Namely, the icon M3 corresponds to a "cancel”
function. An icon M4 is displayed close to the left arc portion 62D. The icon M4 has a
design representing a vehicle and radar. The icon M4 corresponds to a function of detecting
information regarding the surroundings of the vehicle.
[0066] A second right frame 64 corresponding to the second right tactile switch 42 is
displayed at the lower-right of the first right frame 62. An icon M5 is displayed inside the
second right frame 64. The icon M5 represents overlapping rectangular shapes, and
corresponds to a function of changing the layer displayed on the display screen 17.
[0067] A third right frame 66 corresponding to the third right tactile switch 44 is displayed

at the upper-left of the first right frame 62. An icon M6 is displayed inside the third right
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frame 66. The icon M6 has a design representing a vehicle meter, and corresponds to the
ACC function.

[0068] A fourth right frame 68 corresponding to the fourth right tactile switch 46 is
displayed at the lower-left of the first right frame 62. An icon M7 is displayed inside the
fourth right frame 68. The icon M7 has a design representing a vehicle and a vehicle lane,
and corresponds to the LTA function. These icons M1 to M7 are icons corresponding to the
right-hand switches 20R when a first layer is on the display screen 17.

[0069] A first left frame 70 corresponding to the first left tactile switch 48 is displayed on
the left side of the display screen 17. The first left frame 70 is configured including an upper
arc portion 70A, a lower arc portion 70B, a right arc portion 70C, and a left arc portion 70D.
The upper arc portion 70A, the lower arc portion 70B, the right arc portion 70C, and the left
arc portion 70D respectively correspond to the upper button 48A, the lower button 48B, the
right button 48C, and the left button 48D of the first left tactile switch 48.

[0070] Note that an icon M8 is displayed close to the upper arc portion 70A. The icon
MBS has a design representing a state in which an occupant is speaking. Namely, the icon M8
corresponds to a speech recognition function. An icon M9 is displayed close to the lower arc
portion 70B. The icon M9 has a design representing a telephone. Namely, the icon M9
corresponds to a telephone call function.

[0071] Anicon M10 is displayed close to the right arc portion 70C. The icon M10 has a
design representing a triangle. The icon M 10 corresponds to a function of skipping forward
atrack. Anicon M11 is displayed close to the left arc portion 70D. The icon M11 has
left-right symmetry to the shape of the icon M10. The icon M11 corresponds to a function
of skipping back a track.

[0072] A second left frame 72 corresponding to the second left tactile switch 50 is
displayed at the lower-left of the first left frame 70. An icon M12 is displayed inside the
second left frame 72. The icon M12 represents overlapping rectangular shapes, and
corresponds to a function of changing the layer.

[0073] A third left frame 74 corresponding to the third left tactile switch 52 is displayed at
the upper-right of the first left frame 70. An icon M13 is displayed inside the third left frame
74. The icon M13 has a design representing a speaker, and corresponds to a function of
raising the volume.

[0074] A fourth left frame 76 corresponding to the fourth left tactile switch 54 is displayed
at the lower-right of the first left frame 70. An icon M14 is displayed inside the fourth left
frame 76. The icon M14 has a design representing a speaker, and corresponds to a function

of lowering the volume. These icons M8 to M 14 are icons corresponding to the left-hand
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switches 20L when the first layer is on the display screen 17.

[0075] In Fig. 4A, the first layer corresponding to the left-hand switches 20L is displayed
on the display screen 17. If the occupant presses the second left tactile switch 50 of the
left-hand switches 20L in this state, the display screen 17 switches to display of a second layer
as illustrated in Fig. 4B.

[0076] As illustrated in Fig. 4B, in the second layer, an icon M 15 is displayed in the place
of the icon M8. The icon M15 has a design representing the letters "TEMP +", and
corresponds to a function of raising the air conditioning temperature. An icon M16 is
displayed in the place of the icon M9. The icon M16 has a design representing the letters
"TEMP -", and corresponds to a function of lowering the air conditioning temperature.

[0077] Moreover, in the second layer, an icon M17 is displayed in the place of the icon
M10. The icon M17 has a design representing an occupant and various airflow directions,
and corresponds to a function of changing the airflow direction. An icon M18 is displayed
in the place of the icon M11. The icon M18 has a design representing a vehicle, and
corresponds to a function of circulating air inside the vehicle. Thus, in the present
exemplary embodiment, a display relating to air conditioning and corresponding to the
left-hand switches 20L is performed when the second layer is on the display screen 17.

When a given left-hand switch 20L is pressed or touched, the operation detection section 82
detects this as an operation input according to the layer displayed on the display screen 17.
[0078] Fig. 5A illustrates a display on the display screen 17 in a state in which the occupant
is touching the lower button 48B of the first left tactile switch 48. Namely, in Fig. 5A the
first layer corresponding to the left-hand switches 20L is being displayed on the display
screen 17. The lower arc portion 70B of the first left frame 70 is emphatically displayed.
Specifically, display of the lower arc portion 70B of the first left frame 70 and the periphery
of the lower arc portion 70B is lit up. Furthermore, an icon M19 is displayed in a region on
the right side of the third left frame 74 and the fourth left frame 76. The icon M19 has a
design representing the letters "TELEPHONE", and indicates that this is the telephone call
function. This display is performed using the functionality of the notification section 90 in
order to display content corresponding to the lower button 48B that is being touched by the
occupant. The notification section 90 also displays the position of the first left tactile switch
48 that the occupant is touching on the display screen 17.

[0079] Fig. 5B illustrates a display on the display screen 17 in a state in which the occupant
is touching the fourth left tactile switch 54. In Fig. 5B, the first layer corresponding to the
left-hand switches 20L is being displayed on the display screen 17. The fourth left frame 76

is emphatically displayed. Specifically, display of the fourth left frame 76 is lit up.
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Furthermore, an icon M20 is displayed in a region on the right side of the third left frame 74
and the fourth left frame 76. The icon M20 has a design representing the letters "VOL 25",
and indicates that the volume level is 25.  This display is performed using the functionality
of the notification section 90 in order to display content corresponding to the fourth left tactile
switch 54 that is being touched by the occupant.
[0080] Fig. 6A illustrates a display on the display screen 17 in a state in which the occupant
is touching the third right tactile switch 44.  As illustrated in Fig. 6A, icons for functions that
cannot be selected are categorized as not-for-display. Namely, the icons M1 to M4 that are
respectively allocated to the upper arc portion 62A, the lower arc portion 62B, the right arc
portion 62C, and the left arc portion 62D of the first right frame 62 are categorized as
not-for-display, based on the functionality of the not-for-display setting section 88. Likewise,
the icon M7 inside the fourth right frame 68 is categorized as not-for-display. The third right
frame 66 is emphatically displayed. Specifically, display of the third right frame 66 is lit up.
[0081] If the occupant presses the third right tactile switch 44 in the state in Fig. 6A,
transition is made to the state illustrated in Fig. 6B. In Fig. 6B, the icon M2 allocated to the
lower arc portion 62B of the first right frame 62 is displayed. Moreover, since the occupant
1s touching the lower button 40B of the first right tactile switch 40, the lower arc portion 62B
displayed on the display screen 17 is emphatically displayed in Fig. 6B. Specifically, display
of the lower arc portion 62B and the periphery of the lower arc portion 62B is lit up.
[0082]  If the occupant presses the lower button 40B of the first right tactile switch 40 in the
state in Fig. 6B, the ACC is set to an actuated state, and transition is made to the state
illustrated in Fig. 6C. In Fig. 6C, the icon M3 allocated to the right arc portion 62C of the
first right frame 62 is displayed. Moreover, an icon M21 is displayed at the upper arc
portion 62A, and an icon M22 is displayed at the lower arc portion 62B. The icon M21 has a
design representing the sign "+", and the icon M22 has a design representing the sign "-". If
the upper button 40A of the first right tactile switch 40 is pressed, the ACC setting speed is
raised, whereas if the lower button 40B of the first right tactile switch 40 is pressed the ACC
setting speed is lowered.
[0083] Example of Display Processing

Next, explanation follows regarding an example of a flow of display processing by the
vehicle input device 10, with reference to the flowchart in Fig. 9. The display processing is
for example executed when an ignition switch (the power) of the vehicle 12 is switched on,
and is performed by the CPU 26 reading a program from the ROM 28 or the storage 32, and
expanding and executing this program in the RAM 30.

[0084]  As illustrated in Fig. 9, at step S102, the CPU 26 determines whether or not
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detection has been made of the occupant touching at least one switch out of the right-hand
switches 20R or the left-hand switches 20L.  Specifically, touching of a right-hand switch
20R is determined to have been detected in a case in which a signal has been received from
the first right static sensor 41, the second right static sensor 43, the third right static sensor 45,
or the fourth right static sensor 47 using the functionality of the preliminary action detection
section 84. Similarly, touching of a left-hand switch 20L is determined to have been
detected in a case in which a signal has been received from the first left static sensor 49, the
second left static sensor 51, the third left static sensor 53, or the fourth left static sensor 55.
[0085] Processing transitions to step S104 in a case in which the CPU 26 determines that
touching of at least one switch out of the right-hand switches 20R or the left-hand switches
20L has been detected at step S102. The CPU 26 ends the display processing in a case in
which touching of the right-hand switches 20R or the left-hand switches 20L has not been
detected at step S102.

[0086] At step S104, the CPU 26 displays information on the display screen 17.
Specifically, as illustrated in Fig. 3, the CPU 26 displays first layer information corresponding
to the right-hand switches 20R and first layer information corresponding to the left-hand
switches 20L on the display screen 17.

[0087] At step S106, the CPU 26 determines whether or not content corresponding to the
switch that has been detected as touched is categorized as not-for-display. Specifically, the
CPU 26 determines that the content is categorized as not-for-display in a case in which
determination has been made based on the functionality of the operation validity
determination section 86 that input cannot be accepted.

[0088] Processing transitions to step S110 in a case in which the CPU 26 determines at step
S106 that the content corresponding to the switch being touched is categorized as
not-for-display. At step S110, the CPU 26 emphatically displays the switch being touched
on the display screen 17 using the functionality of the notification section 90. For example,
in the state illustrated in Fig. SA the occupant is touching the lower button 48B of the first left
tactile switch 48 (see Fig. 2), and so the CPU 26 lights up the lower arc portion 70B of the
first left frame 70 displayed on the display screen 17 in order to emphatically display the
image corresponding to the lower button 48B being touched by the occupant. The CPU 26
then transitions to the processing of step S112.

[0089]  Processing transitions to step S108 in a case in which the CPU 26 determines at step
S106 that the content corresponding to the switch being touched is not categorized as
not-for-display, namely in a case in which the CPU 26 determines that the content is subject to

display. At step S108, the CPU 26 displays both the position and content corresponding to
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the switch that the occupant is touching on the display screen 17 using the functionality of the
notification section 90. For example, in the state illustrated in Fig. 5A, the CPU 26 lights up
display of the lower arc portion 70B of the first left frame 70 and also displays the icon M19.
The CPU 26 then transitions to the processing of step S112.
[0090] Next, at step S112, the CPU 26 determines whether or not transition has been made
from the state in which the occupant is touching the at least one switch out of the right-hand
switches 20R or the left-hand switches 20L to a non-contact state. ~ Specifically, if the
occupant moves their finger away from the switch, a signal is no longer received from the
corresponding static sensor, and so the CPU 26 determines that touching is not being detected,
namely that the absence of contact is being detected. Processing transitions to step S114 in a
case in which the CPU 26 determines at step S112 that the absence of contact is being
detected. Processing transitions to step S106 in a case in which the CPU 26 determines at
step S112 that the absence of contact is not being detected, since a state in which touching is
being detected is ongoing.
[0091] Atstep S114, the CPU 26 changes the position and content corresponding to the
switch being touched by the occupant to not-for-display.  Specifically, the CPU 26 sets
display on the display screen 17 to not-for-display using the functionality of the
not-for-display setting section 88. The CPU 26 then ends the display processing.
[0092] Operation

Next, explanation follows regarding operation of the present exemplary embodiment.
[0093] In the vehicle input device of the present exemplary embodiment, when the
occupant presses a right-hand switch 20R or a left-hand switch 20L provided at the steering
wheel 18, the corresponding onboard unit 39 is actuated accordingly. Namely, the occupant
can perform input to the onboard unit 39 while gripping the steering wheel 18. Moreover,
when the occupant touches a right-hand switch 20R or a left-hand switch 20L, this is detected
by the preliminary action detection section 84. The occupant is then visually notified of
information relating to the onboard unit 39 corresponding to the switch by display by the
notification section 90 directly prior to the occupant pressing this right-hand switch 20R or
left-hand switch 20L. The occupant is therefore able to accurately ascertain which switch
they are about to press without diverting their eyes toward the right-hand switches 20R and
the left-hand switches 20L. This enables erroneous input to be suppressed as a result.
[0094] Moreover, the occupant is able to ascertain information relating to the
corresponding onboard unit 39 directly prior to performing an operation simply by touching at
least one switch out of the right-hand switches 20R or the left-hand switches 20L, and then

press the at least one switch out of the right-hand switches 20R or the left-hand switches 20L
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from the touched state in order to perform input to this onboard unit 39. The occupant is
therefore able to ascertain information relating to the corresponding onboard unit 39 directly
prior to performing an operation without performing a deliberate action, while keeping their
gaze directed toward the scene ahead of the vehicle.
[0095] Furthermore, in the present exemplary embodiment, an image corresponding to the
switch being touched by the occupant is emphatically displayed on the display screen 17.
Moreover, information relating to the onboard unit 39 corresponding to the switch being
touched by the occupant is displayed on the display screen 17 in the form of at least one of an
icon or text. This enables the occupant to ascertain the function allocated to the switch being
touched while keeping their gaze directed ahead of the vehicle.
[0096]  Furthermore, in the present exemplary embodiment, the functions allocated to the
first right tactile switch 40 and the first left tactile switch 48 are changed when the layer on
the display screen 17 is switched, and so pressing of the same switch is detected as different
operations depending on the layer on the display screen 17. Namely, plural functions are set
for a single switch. The at least one of the icon or the text displayed on the display screen 17
is categorized as not-for-display when the corresponding right-hand switch 20R or left-hand
switch 20L has been switched to an inoperable state. This enables erroneous input to be
suppressed while reducing the number of switches.
[0097] Second Exemplary Embodiment

Next, explanation follows regarding a vehicle input device 120 according to a second
exemplary embodiment. Note that configuration that is similar to that in the first exemplary
embodiment is allocated the same reference numerals, and explanation thereof is omitted as
appropriate.
[0098] Fig. 10 is a block diagram illustrating hardware configuration of the vehicle input
device 120. As illustrated in Fig. 10, a speaker 122 is connected to the input/output interface
36 in the present exemplary embodiment. The speaker 122 is provided inside the vehicle
cabin of the vehicle 12, and is capable of outputting audio information to the occupant. The
present exemplary embodiment differs from the first exemplary embodiment in the respect
that the occupant is notified of information relating to the corresponding onboard unit 39 in
the form of audio directed at the occupant through the speaker 122.
[0099] Functional Configuration

The vehicle input device employs the hardware resources illustrated in Fig. 10 to
implement various functionality. Explanation follows regarding the functional
configurations implemented by the vehicle input device, with reference to Fig. 11.

[0100]  Asillustrated in Fig. 11, functional configurations of the vehicle input device 120
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include the communication section 80, the operation detection section 82, the preliminary
action detection section 84, the operation validity determination section 86, a
not-for-notification setting section 124, and an audio notification section 126 serving as a
notification section. The respective functional configurations are implemented by the CPU
26 of the ECU 24 reading a program stored in the ROM 28 or the storage 32, and executing
this program.
[0101] In a case in which determination is made that input cannot be accepted based on the
functionality of the operation validity determination section 86, the not-for-notification setting
section 124 sets this as a not-for-notification item. Specifically, notification by audio using
the speaker 122 is not performed. Note that each of the switches is pre-set with content that
is categorized as not-for-display depending on the layer. The not-for-notification setting
section 124 is capable of determining whether or not the content is not-for-notification by
referring to values of these settings.
[0102] Ina case in which a preliminary action has been detected by the functionality of the
preliminary action detection section 84, the audio notification section 126 uses audio to notify
the occupant of information relating to the onboard unit 39 corresponding to the right-hand
switch 20R or the left-hand switch 20L that is expected to be pressed. Specifically, the audio
notification section 126 outputs audio using the speaker 122 to notify the occupant of
information relating to the corresponding onboard unit 39.
[0103] Example of Audio Notification Processing

Next, explanation follows regarding an example of a flow of audio notification
processing by the vehicle input device 120, with reference to the flowchart in Fig. 12. The
audio notification processing is for example executed when the ignition switch (power) of the
vehicle 12 is switched on, and is performed by the CPU 26 reading a program from the ROM
28 or the storage 32, and expanding and executing this program in the RAM 30.
[0104]  Asillustrated in Fig. 12, at step S202 the CPU 26 determines whether or not
touching of at least one switch out of the right-hand switches 20R or the left-hand switches
20L by the occupant has been detected. Specifically, touching of a right-hand switch 20R is
determined to have been detected in a case in which a signal has been received from the first
right static sensor 41, the second right static sensor 43, the third right static sensor 45, or the
fourth right static sensor 47 using the functionality of the preliminary action detection section
84. Similarly, touching of a left-hand switch 20L is determined to have been detected in a
case in which a signal has been received from the first left static sensor 49, the second left
static sensor 51, the third left static sensor 53, or the fourth left static sensor 55.

[0105] Processing transitions to step S204 in a case in which the CPU 26 determines that
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touching of at least one switch out of the right-hand switches 20R or the left-hand switches
20L has been detected at step S202. The CPU 26 ends the audio notification processing in a
case in which touching of the right-hand switches 20R and the left-hand switches 20L has not
been detected at step S202.
[0106] At step S204, the CPU 26 determines whether or not content corresponding to the
switch that has been detected as touched is categorized as not-for-notification. ~Specifically,
the CPU 26 determines that the content is categorized as not-for-notification in a case in
which determination has been made based on the functionality of the operation validity
determination section 86 that input cannot be accepted. The audio notification processing is
ended in a case in which the CPU 26 determines that the content is categorized as
not-for-notification at step S204.
[0107] Processing transitions to step S206 in a case in which the CPU 26 determines at step
S204 that the corresponding content is not categorized as not-for-notification, namely cases in
which the CPU 26 determines that the content is subject to notification. At step S206, the
CPU 26 uses audio to notify the occupant of the content corresponding to the switch being
touched by the occupant using the functionality of the audio notification section 126. The
CPU 26 then ends the audio notification processing.
[0108] Operation

Next, explanation follows regarding operation of the present exemplary embodiment.
[0109] In the vehicle input device 120 according to the present exemplary embodiment, the
occupant is notified by audio of the content corresponding to the switch being touched by the
occupant, thereby enabling the occupant to ascertain the content corresponding to the switch
without needing to visually check the display screen 17. Other operation is similar to that in
the first exemplary embodiment.
[0110]  Although exemplary embodiments have been described above, obviously various
implementations may be adopted within a range not departing from the spirit of the present
disclosure.
[0111] In the above exemplary embodiments, the preliminary action detection section 84
detects when the occupant touches any given switch out of the right-hand switches 20R or the
left-hand switches 20L. When the occupant presses any given switch out of the right-hand
switches 20R or the left-hand switches 20L, the operation detection section 82 detects input to
the onboard unit 39 corresponding to this switch. However, there is no limitation to the
above configuration. For example, the operation detection section 82 may detect input to the
onboard unit 39 corresponding to the switch when the occupant touches any given switch out

of the right-hand switches 20R or the left-hand switches 20L. In such cases, the preliminary
19



action detection section 84 detects a preliminary action directly prior to the occupant touching
any given switch out of the right-hand switches 20R or the left-hand switches 20L. For
example, a camera that images the hands of the occupant or sensors may be used to detect a
state directly prior to the finger of the occupant touching the right-hand switches 20R or the
left-hand switches 20L.

[0112]  Although the right-hand switches 20R and the left-hand switches 20L are all
configured by contact detection switches in the above exemplary embodiments, there is no
limitation thereto. For example, the right-hand switches 20R and the left-hand switches 20L
may each be configured by a switch including a pressure sensor employing a diaphragm
gauge.

[0113]  Although the processing performed by the CPU 26 in the each of the above
exemplary embodiments is software processing performed by executing a program, there is no
limitation thereto. For example, the processing may be performed using hardware.
Alternatively, the processing may be performed by a combination of both software and
hardware. In a case in which the processing is performed using software, a program may be
stored and distributed in the form of various non-transitory storage media, such as a digital

versatile disc (DVD), and executed by a processor such as the CPU 26.
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CLAIMS

1. A vehicle input device comprising:

an operation detection section configured to detect input to an onboard unit allocated to
one operation section of a plurality of operation sections provided in a vicinity of a driving
seat, due to the one operation section being operated;

a preliminary action detection section configured to detect a preliminary action directly
prior to the one operation section being operated;

a display section provided at a vehicle front side of the driving seat and configured to
display images that represent each of the plurality of operation sections; and

a notification section configured to notify an occupant by displaying, on the display
section, information relating to the onboard unit allocated to the one operation section in a
case in which the preliminary action has been detected by the preliminary action detection
section, prior to the one operation section being operated,

wherein the operation detection section is configured to detect input to the onboard unit
allocated to the one operation section, due to the one operation section being pressed, and the
preliminary action detection section is configured to detect touching of the one operation
section by the occupant as the preliminary action directly prior to the one operation section
being pressed,

wherein the notification section is configured to display on the display section, with
every image layer, at least one of an icon or text indicating the onboard unit allocated to the
one operation section being touched by the occupant, and

wherein a different function is allocated to at least one operation section of the plurality
of operation sections, depending on the image layer displayed on the display section, when

the at least one of an icon or text displayed on the display section is switched.

2. The vehicle input device of claim 1, wherein:
the notification section is configured to emphatically display, from the images
representing each of the plurality of operation sections, an image corresponding to the one

operation section that the occupant is touching.

3. The vehicle input device of claim 1 or claim 2, wherein:

at least one operation section of the plurality of operation sections is switched to an
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inoperable state when the at least one of an icon or text displayed on the display section is

categorized as not-for-display.

4. The vehicle input device of any one of claim 1 to claim 3, wherein the display section is a

display screen projected from a head-up display onto a partial region of a windshield.

5. The vehicle input device of any one of claim 1 to claim 4, wherein the plurality of
operation sections are provided at a steering wheel provided at a vehicle front of the driving

seat.

6. A vehicle input method comprising:

detecting input to an onboard unit allocated to one operation section of a plurality of
operation sections provided in a vicinity of a driving seat, due to the one operation section
being operated;

detecting a preliminary action directly prior to the one operation section being operated;
and

notifying an occupant by displaying, on a display section at a vehicle front side of the
driving seat, information relating to the onboard unit allocated to the one operation section in
a case in which the preliminary action has been detected, prior to the one operation section
being operated,

wherein the method further comprises:

detecting the input to the onboard unit allocated to the one operation section when the
one operation section is pressed;

detecting touching of the one operation section by the occupant as the preliminary action
directly prior to the one operation section being pressed;

displaying on the display section, with every image layer, at least one of an icon or text
indicating the onboard unit allocated to the one operation section being touched by the
occupant; and

allocating a different function to at least one operation section of the plurality of
operation sections, depending on the image layer displayed on the display section, when the at

least one of an icon or text displayed on the display section is switched.

7. The vehicle input method of claim 6, further comprising emphatically displaying an

image, from images representing each of the plurality of operation sections, which is an image
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corresponding to the one operation section that the occupant is touching.

8. A non-transitory storage medium storing a program executable by a processor to perform
vehicle input processing, the vehicle input processing comprising:

detecting input to an onboard unit allocated to one operation section of a plurality of
operation sections provided in a vicinity of a driving seat, due to the one operation section
being operated;

detecting a preliminary action directly prior to the one operation section being operated;
and

notifying an occupant by displaying, on a display section at a vehicle front side of the
driving seat, information relating to the onboard unit allocated to the one operation section in
a case in which the preliminary action has been detected, prior to the one operation section
being operated,

wherein the vehicle input processing further comprises:

detecting the input to the onboard unit allocated to the one operation section when the
one operation section is pressed;

detecting touching of the one operation section by the occupant as the preliminary action
directly prior to the one operation section being pressed;

displaying on the display section, with every image layer, at least one of an icon or text
indicating the onboard unit allocated to the one operation section being touched by the
occupant; and

allocating a different function to at least one operation section of the plurality of
operation sections, depending on the image layer displayed on the display section, when the at

least one of an icon or text displayed on the display section is switched.

9. The non-transitory storage medium of claim 8, wherein the vehicle input processing
further comprises:
emphatically displaying, from images representing each of the plurality of operation

sections, an image corresponding to the one operation section that the occupant is touching.
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