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OPERATING APPARATUS FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to an operatingrapsafor a vehicle.

2. Description of Related Art

[0002] A technique of providing two displays, each of whitas a touch panel,
and outputting different images for a user intezfanto the two displays has been known
(for example, see Japanese Patent Application ¢aildn No. 2016-004482 (JP
2016-004482 A)).

SUMMARY OF THE INVENTION

[0003] When the two displays are used, a state whereisipdagl arranged on a
relatively upper side (hereinafter referred to as"apper display') and the display
arranged on a relatively lower side (hereinaftéerred to as a "lower display”) output
different images from each other can be realizelichvimproves convenience. For
example, in a state where a navigation image iputubnto the upper display and an
image related to air conditioning setting is outputo the lower display, a user can
perform an air conditioning operation on the loweplay while being in a state of being
able to constantly and visually recognize the ravigm image, and thus feels
convenience.

[0004] However, it is difficult with the technique as dabed above to provide
a user interface that uses the two displays amslperior in both of operability and
convenience. For example, in the related art asriteed above, while the image output
on each of the lower display and the upper disgagt to be the same, a function related

to said image cannot be realized by an operatiothehower display. In regard to this
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point, for example, the operability is improved wha navigation operation can be
performed on the lower display while the navigatimage can visually be recognized on
the upper display, the visibility of which is reladly high.

[0005] The invention provides a user interface that uses displays and is
superior in both of operability and convenience.

[0006]  An aspect of the invention provides an operatinggaatus for a vehicle.
The operating apparatus according to the aspeltdes a first display having a touch
panel and mounted on the vehicle, a second disgptayged at a position higher than the
first display and away from a driver’s seat of ttehicle compared to the first display, a
second display control section, a first display toainsection, and an input reception
processing section. The second display contrdicsedcs configured to output a second
image onto the second display.. The first disglaytrol section is configured to output
a first image onto the first display. The firssplay control section has a first mode and
a second mode. The first display control sect®oanfigured to switch between in the
first mode and in the second mode based on modehsmg input from a user. The first
mode is a mode in which a first mode image indepandf the second image is output as
the first image. The second mode is a mode inkvhisecond mode image having the
same external appearance as the second imagepig astthe first image. The input
reception processing section is configured to eteecwhen the first display control
section is in the first mode, a first predetermifiguttion related to the first mode image,
based on operation input on the touch panel. patireception processing section is
configured to execute, when the first display ocoinsrection is in the second mode, a
second predetermined function related to the seamagie or the second mode image
based on the operation input on the touch panel.

[0007]  According to this aspect, in the first mode, thstfimode image, which is
independent of the second image output onto thenskedisplay is output onto the first
display. In the second mode, the second mode imabeh has the same external
appearance as the second image output onto thedsésplay, is output onto the first

display. Accordingly, in the first mode, the filmtode image on the first display is
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output in an aspect of not being dependent on ¢bergl image output onto the second
display. In the second mode, the second mode irnagdke first display is output in an
aspect of being changed in accordance with thensegnage output onto the second
display. Here, "the second mode image having #rmeesexternal appearance as the
second image" indicates such an aspect that & slijarence in the external appearance
between the second mode image and the second immpgemitted and main sections of
the images have the same external appearance. sligh¢ difference in the external
appearance can be, for example, such a differéxateh operation item display provided
around the second mode image is not provided is¢kend image, such a difference that
a cursor or pointer display not provided in theoset mode image only exists in the
second image, such a difference that brightnessoatrast only differs, or the like.
Note that the second image may include the nawgaimage. Accordingly, for
example, the user (for example, a driver) can labthe navigation image on the second
display with superior visibility to the first dispy.

[0008] In addition, according to this aspect, the firgpithy control section is
switched between the first mode and the second randke basis of the mode switching
input by the user. Accordingly, the first displapntrol section can be switched
between the first mode and the second mode whenstemakes the mode switching
input, and thus convenience of the operating appsréor the vehicle is improved.
Switching between the first mode and the secondemsdiccompanied with switching
between the first mode image and the second modegenon the first display.
Accordingly, by looking at switching between thesfimode image and the second mode
image on the first display, the user can visuatigarstand switching between the modes
and thus becomes intuitively familiar with such teling.

[0009] In addition, according to this aspect, the user cealize the first
predetermined function (for example, a change s#tting value or the like) related to the
first mode image by the operation input on thet fdisplay in the first mode. In this
way, in the first mode, the user can perform arraien related to the first mode image,

which is independent of the second image, on tre fisplay while maintaining the
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second image in a visually recognizable state enst#tcond display with relatively high
visibility.  Accordingly, in the first mode, regde$s of a type of the operation
performed on the first display during travelinge thser can maintain the navigation
image in the visually recognizable state on th@seédisplay with the superior visibility

to the first display, and thus favorable convengen€ the operating apparatus for the
vehicle can be realized.

[0010] In addition, according to this aspect, in the secorode, the user can
realize the second predetermined function by theragjpn input on the first display.
The second predetermined function may be a functtated to either one of the second
image and the second mode image. Here, this iausecthe user does not mix up
realization of the function related to the seconddenimage with realization of the
function related to the upper image in the secoondenwhen the second image and the
second mode image has the same external appearadote that, when the second
image is the navigation image (and when the seconde image has the same external
appearance as said navigation image, or the likeomunction therewith), the second
predetermined function is a function related to tia@igation image. Accordingly, in
the second mode, the user can perform the nawgaperation on the first display while
looking at the navigation image on the second displith the relatively high visibility or
looking at the corresponding navigation image (Geeond mode image) on the first
display. In addition, the first display is provil@t a position that is lower than the
second display and is closer to the driver's se@hus, compared to a case where a touch
panel is provided in the second display and theatjpa related to the second image is
performed on the second display, operability isrioupd.

[0011] In addition, according to this aspect, the user mariorm the operation
on the first display with the relatively favoraligerability in both of the first mode and
the second mode. In this way, an operation systath which the user who is
accustomed to the operation on an "existing sidgdplay with a touch panel” is easily
familiarized can be realized.

[0012] In the aspect of the invention, the mode switghimput may include
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predetermined input on the touch panel.

[0013]  According to this aspect, the driver can make tloelenswitching input
without directly looking at the first display. T&iumovement of the driver's line of sight
from the front can be suppressed when the drivéeesithe mode switching input.

[0014] In the aspect of the invention, the first displaynitol section may be
configured to execute animation processing. Thienation processing may include
continuous output of a composite image in which ohé¢he first mode image and the
second mode image is partially hidden by the otbeer plural frame cycles. The
animation processing may include first animatioocgissing executed prior to switching
between the first mode and the second mode. Alatig a lapse of time from a time
point at which the first animation processing iar&d, the first display control section
may be configured to realize one of (i) changing domposite image over the plural
frame cycles and then outputting the second modeg@mwith gradually reducing a
display range of the first mode image and gradudibplaying the second mode image
when the first mode image is displayed before its¢ display control section is switched
between in the first mode and in the second mau# (i changing the composite image
over the plural frame cycles and then outputting finst mode image with gradually
reducing a display range of the second mode imagegaadually displaying the first
mode image when the second mode image is displagtaie the first display control
section is switched between in the first mode artthé second mode.

[0015]  According to this aspect, the composite image enged along with a
lapse of time by the first animation processing fr@cedes switching between the first
mode and the second mode. Accordingly, occurrenasvitching from the first mode
to the second mode and switching of the reversaletsf can visually and easily be
understood.

[0016] In the aspect of the invention, the predetermimgdit may include: first
input accompanied with finger movement in a firdtection; and second input
accompanied with finger movement in a reverse tordrom the first direction. The

first input may cause switching from the first momethe second mode. The second
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input may cause switching from the second modéheofitst mode. The first display
control section may be configured to execute thenation processing to continuously
output a composite image over plural frame cycleghe composite image may have: a
part of the first mode image in the first directidrom a boundary extending
perpendicularly to the first direction; and a pafrthe second mode image in the reverse
direction from the boundary. The boundary may betlwe composite image. The
animation processing may include second animationgssing to change the composite
image, over the plural frame cycles, in an aspeat the boundary in the composite
image moves in the first direction or the revergedation in an interlocking manner with
the finger movement in the first direction or withe finger movement in the reverse
direction, on the touch panel.

[0017]  According to this aspect, the user can realizechivig from the first
mode to the second mode and switching of revehsakof by respectively making the
first input and the second input in different direns from each other. In addition,
because the boundary in the composite image icteslavith the finger movement,
occurrence of switching from the first mode to $econd mode or switching of the
reversal thereof can visually and easily be undedstwhen continuing said finger
movement.

[0018] In the aspect of the invention, the animation pssoey may be based on:
a door model or a shutter model in which the firetde image makes translational
movement, within a screen of the first display ot of the screen, while adopting an first
aspect of a door or a shutter at least coveringra gf the second mode image; or a
roll-up-curtain model in which the second mode ima@gexpanded within the screen or
rolled up to the outside of the screen, while aithgpan second aspect of a roll curtain at
least covering a part of the first mode image.

[0019]  According to this aspect, due to the model usimgdbor, the shutter, or
the like with which the user is familiar from histhlife, understanding of a layer
relationship between the first mode image and &oersd mode image is facilitated, and

intuitive understanding of a relationship betweka first mode image and the second
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mode image (and a relationship between the firsterand the second mode) by the user
can be promoted.

[0020] In the aspect of the invention, the first displaynitol section may be
configured to switch from the second mode to thist finode, when the first display
control section is in the second mode and the diparaput is not made on the second
mode image for a predetermined time or longer.

[0021]  According to this aspect, automatic recovery frdra second mode to
the first mode is realized with no operation. Agtogly, the user no longer has to
perform a special switching operation for switchiingm the second mode to the first
mode, and thus the convenience is improved.

[0022] In the aspect of the invention, the first displaynitol section may be
configured to generate the second mode image lmaseadvideo signal generated by the
second display control section.

[0023]  According to this aspect, the second mode imagebeagenerated by
using the video signal generated by the secondagispntrol section. In this way,
software that is used for the first display consettion to draw the second mode image
becomes unnecessary or simplified. In additiorsaigvare for generation of the video
signal by the second display control section, @gstsoftware that is used by a
multimedia system including a navigation device banused as is or by making a few
modifications. Thus, development man-hour of thféwgare can be reduced.

[0024] In the aspect of the invention, the second disphay not have a touch
panel.

[0025] In the aspect of the invention, the first directioay be an up direction
or a down direction in the vehicle up-down direntif the vehicle.

[0026] In the aspect of the invention, the second imagey nmzlude a
navigation image.

[0027]  According to this aspect, the second display candsel exclusively for
a display purpose and thus can be arranged at iiopowith the superior visibility

without considering operability thereof. In addlitj because a difference in roles of the
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first display and the second display is clarififtg user interface with which the user can
easily familiarized can be provided.
[0028]  According to the invention, the user interface withth of the superior

operability and the superior convenience can beiged by using the two displays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Features, advantages, and technical and indussiglificance of
exemplary embodiments of the invention will be digsd below with reference to the
accompanying drawings, in which like numerals derie elements, and wherein:

FIG. 1 is a view of one example of an operatingaaiptus 1 for a vehicle according
to an embodiment;

FIG. 2 is a view of one example of installatioates of an upper display 3 and a
lower display 4;

FIG. 3 is a view of one example of a functionaldid of a control unit 10;

FIG. 4Ais a view of one example of an independagsplay mode image;

FIG. 4B is a view of one example of a mirror dégspiode image;

FIG. 5 is a state transition view that illustrateee example of a transition condition
between an independent display mode and a mirspta)i mode;

FIG. 6 includes tables, each of which illustrateee example of graphical user
interface (GUI) information;

FIG. 7 is a conceptual explanatory view of a latd@or model,

FIG. 8A is an explanatory view of animation praieg based on the louver-door
model;

FIG. 8B is an explanatory view of the animationogessing based on the
louver-door model;

FIG. 8C is an explanatory view of the animatiorogassing based on the
louver-door model;

FIG. 9 is a conceptual explanatory view of a ugcurtain model;
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FIG. 10A is an explanatory view of the animatiorogessing based on the
roll-up-curtain model;

FIG. 10B is an explanatory view of the animatiorogessing based on the
roll-up-curtain model;

FIG. 10C is an explanatory view of the animatiorogessing based on the
roll-up-curtain model;

FIG. 11 is an explanatory view of various defmits used for explanation of an
operation example;

FIG. 12 is a schematic flowchart of one exampl@rmafcessing that is executed by
an input reception processing section 114 of timrobunit 10;

FIG. 13 is a schematic flowchart of one exampléhef processing that is executed
by the input reception processing section 114 efcibntrol unit 10;

FIG. 14 is a schematic flowchart of one exampl¢hef processing that is executed
by the input reception processing section 114 efcibntrol unit 10;

FIG. 15 is a schematic flowchart of one exampléhef processing that is executed
by the input reception processing section 114 efctintrol unit 10;

FIG. 16 is a schematic flowchart of one examplerotessing that is executed by a
display control section 110 of the control unit 10;

FIG. 17 is a schematic flowchart of one exampl¢hef processing that is executed
by the display control section 110 of the contnait d.0;

FIG. 18 is an explanatory view of one examplehef irror display mode in which
a lower image has the same external appearancewggpar image; and

FIG. 19 is an explanatory view of another exanmgdléghe mirror display mode in

which the lower image has the same external appear@s an upper image.

DETAILED DESCRIPTION OF EMBODIMENTS
[0030] A detailed description will hereinafter be made ech embodiment

with reference to the accompanying drawings.
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[0031] In the following description, an "image" is a coptéhat includes video.
That is, the video is a type of the image.

[0032] FIG. 1 is a view of one example of an operatingaagfus 1 for a vehicle
according to an embodiment. FIG. 2 is a view of enample of installation states of
an upper display 3 and a lower display 4.

[0033] As shown in FIG. 1, the operating apparatus 1Hervehicle includes a
multimedia system 2, the upper display 3 (one exarmapthe second display), the lower
display 4 (one example of the first display), actopanel 5, a mechanical switch group (a
hardware switch group) 6, and a control unit 10.

[0034] The multimedia system 2 includes various multimetiaices such as a
navigation device, an audio device, and a TV tuné&iote that the multimedia system 2
includes a computer (not shown) as a hardware respand one example of the "second
display control section” in the claims can be wmsldi by processing (program execution
processing) by the computer in the multimedia sys2e

[0035] The multimedia system 2 outputs an image (hereinaiso referred to
as an "upper image") onto the upper display 3. Upyer image is one example of the
second image. The multimedia system 2 outputsupiger image, which is selected
from plural types of the upper images, onto theeupgisplay 3. Note that the output
upper image of the plural types is basically selédily a user (for example, a driver) but
may automatically be selected by default in a paldrr case.

[0036] In this embodiment, as one example, the multimsgigiem 2 outputs
the upper image, which is selected from the pltyjaés of the upper images used for an
operation of the multimedia system 2, onto the upjigplay 3. More specifically, the
plural types of the upper images include a navigatmage, images related to the audio
device (an image indicative of the track number #dradlike, videos played by various
media, and the like), video of a TV broadcast, iesarelated to a phone call and emails,
and the like. The plural types of the upper imagey have a layer structure with the
images on a lower layer per type. For example,nidng@gation image may have the

layer structure with a map image in a top layer andmage for setting a destination, an
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image for display setting of a peripheral facilignd the like in the lower layer. Note
that screen transition related to the upper imageihafter means a concept that includes
transition between the types of the upper imagelst@msition between the layers in the
same type of the images.

[0037] The multimedia system 2 generates a video sigraleck to the upper
image that is output onto the upper display 3 anodiges said video signal to the upper
display 3 and the control unit 10. For examplea state of outputting the map image as
the navigation image onto the upper display 3, rthétimedia system 2 generates the
video signal used to update the map image in aaoccel with a change of a current
position of the vehicle. In this embodiment, ag @xample, as shown in FIG. 1, the
video signal is once received by the control ulitahd is then provided to the upper
display 3. However, the multimedia system 2 mgyasately provide the video signal
to the control unit 10 and the upper display 3.

[0038] The multimedia system 2 receives an operation kifgam the control
unit 10. The operation signal is generated in ed@ace with input in the mechanical
switch group 6 and operation input on the touchep&r{operation input corresponding to
a specifically defined portion, which will be deibed below). Based on the received
operation signal, the multimedia system 2 execptesessing that corresponds to said
operation signal. For example, in accordance thighoperation signal, the multimedia
system 2 executes various types of the processabgding the screen transition from the
navigation image to another type of the image é@wample, the image related to the
audio device), enlargement of a map in the nawgaimage, and a route search, for
example, generates the video signal based on agsing result, and provides said video
signal to the control unit 10 and the upper dis@ay

[0039] The upper display 3 is a display such as a ligmdtal display. In this
embodiment, as one example, the upper display &nion-board display. In this
embodiment, differing from the lower display 4, tingper display 3 does not include the
touch panel. In this way, cost of the upper digf@dcost related to the touch panel) can

be cut, and freedom in arrangement of the uppeplalis3 is increased (because
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operability thereof does not have to be consideretlowever, in a modified example,
the upper display 3 may include the touch panel.

[0040] The upper display 3 is arranged at a positionithatgher than the lower
display 4 in an up-down direction of the vehicledas far from a driver's seat. As
shown in FIG. 2, the upper display 3 is providedhat position where visual recognition
by a driver S during driving is easy. Note thatistance from the driver's seat can be
determined from a distance from a shoulder pointoPfhe driver S (a design value).
Meanwhile, as shown in FIG. 2, the lower displais 4rranged at a position where the
driver S during driving can easily operate by stieig his/her arm. Note that, in the
case where a distance (a reach distance) fromhthdder point P1 of the driver S (FIG.
2) is the same, the lower display 4 is positionedbé the lowest as possible. This is
because a muscle load during the operation cardiged, and thus positioning at the
lowest position is advantageous from a perspeativéhe operability during driving.
Meanwhile, from a perspective of visibility durindyiving, positioning of the lower
display 4 becomes disadvantageous as the loweladigpis positioned to the lower
position. As will be described below, the navigatimage is possibly output as a
mirror display mode image (will be described bel@mmjo the lower display 4. Thus, in
order to secure the visibility that is required tbe map image, the lower display 4 is
preferably arranged at a position where a depnessigle from a viewpoint of the driver
S (a downward depression angle with respect toredmdal plane) does not become
significantly larger than 30 degrees. Note thattHe example shown in FIG. 2, the
upper display 3 is incorporated in an instrumemebdut may be placed on top of the
instrument panel.

[0041] As shown in FIG. 1, the upper display 3 directlgeiges the video
signal from the multimedia system 2 (that is, withanterposing the processing in
control unit 10). The upper display 3 displays tigper image based on the video
signal received from the multimedia system 2.

[0042] The lower display 4 is a display such as the liegrgbtal display. In

this embodiment, as one example, the lower displsythe on-board display.
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[0043] The touch panel 5 is provided in the lower display That is, the lower
display 4 is the display with the touch panel. iAput detection method of the touch
panel 5 is of an electrostatic type but may be pfessure sensitive type or may be of
another type such as a combination of the eleettiostype and the pressure sensitive
type. The touch panel 5 provides the control @fitwith a detection signal indicative
of a variation of electrostatic capacity at eachifgan on the touch panel 5.

[0044] The mechanical switch group 6 is provided in degigmel switches
incorporated in the instrument panel, for exampl€he mechanical switch group 6 is
provided around the lower display 4, for exampke(F1G. 5). The mechanical switch
group 6 includes a multimedia system switch, aalehtontrol system switch, and a top
switch (a switch used to return to an independéesglay mode, which will be described
below), for example. The multimedia system switla switch used for the operation
of the multimedia system 2 and may include a majpchwor retrieving the navigation
image, a destination switch for retrieving an ofieraimage used to set the destination,
and the like, for example. The vehicle controltegs switch is a switch for various
operations such as an operation of an air conditidgan air conditioning operation),
selection of a travel control mode, setting of avél assist device (such as clearance
sonar), a rear seat operation, and an operatioanotlectric rear sun shade. The
operation signal that is generated through theatjper of the mechanical switch group 6
by the user is received by the control unit 10.

[0045] The control unit 10 is formed by including the cartgr. For example,
the control unit 10 is an electronic control ultOU). The control unit 10 is connected
to the multimedia system 2, the upper display 8,ltwer display 4, the touch panel 5,
and the mechanical switch group 6 and is connettedarious types of electronic
components in the vehicle via a controller areavagt (CAN) 30. Note that the
electronic components, to which the control uniist@onnected via the CAN 30, include
an air conditioner ECU (not shown) that controks #ir conditioner (not shown).

[0046] The control unit 10 includes a main central proressinit (CPU) 11, a

sub-microcomputer 12, main memory 13, auxiliary mgml4, and a drawing integrated
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circuit (IC) 16. Note that the main CPU 11 and thb-microcomputer 12 may be
integrated.

[0047] FIG. 3 is a view of one example of a functionaldidl@f the control unit
10.

[0048] The control unit 10 includes a display control gettl10 (one example
of the first display control section) and an inpeteption processing section 114. The
display control section 110 can be realized by @ssmg of the drawing IC 16 and
processing of the main CPU 11 (the program execupoocessing). The input
reception processing section 114 can be realizetthdyrocessing of the main CPU 11
and the sub-microcomputer 12 (the program execytionessing).

[0049] The display control section 110 outputs the imdggdinafter referred to
as a "lower image") onto the lower display 4. Tower image includes an image for
the user interface (hereinafter also referred toaadower GUI image"). In this
embodiment, as one example, the lower image seddgtincludes the lower GUI image
and a composite image (see FIG. 8B and FIG. 10&)ithgenerated in association with
animation processing, which will be described below

[0050] One or more functions are associated with the imfmgethe user
interface, such as the lower GUI image. In addijtithe one or more functions are
respectively associated with predetermined postimm the image for the user interface.
Note that the function associated with the imagetlie user interface is determined in
accordance with external appearance of said imadm. other words, when the
association of a certain function with the imagdesired, said image is usually provided
with the external appearance that is associate saitd function. In this embodiment,
as one example, the image for the user interfaselefined portions that are respectively
associated with the operation input and the functibthe touch panel 5. The defined
portion is a part or a whole of the image and o#ion for which the operation input
received by said defined portion and the functionbe realized in response to said
operation input are defined. In the defined porti@an operation item display is

typically drawn. That is, the defined portion @sponds to a drawing range of the
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operation item display for which a letter, an ithasion, or the like indicative of the
associated function is provided. The operatiomitksplay possibly adopts a mode of a
switch that includes: a setting switch for varidypes of setting (volume adjustment,
temperature adjustment, and the like) of an opmratiarget device such as the
multimedia system 2 or the air conditioner (notwshp a switch for the particular screen
transition; a scrolling switch for screen scrolliaglist scrolling; and a selection switch
for selection of an input key such as a lettetherriumber, a list, or the like, for example.
Alternatively, the operation item display possillgopts a mode of an icon or launcher
that activates a particular application.

[0051] However, the defined portion is not limited to tth&wing range of the
operation item display. For example, the definemtipn can be a region where
movement within the map image is realized by tregdfor example, a portion in which
scrolling of the map image is realized when thetiporis dragged), a portion in which
reduction/enlargement of the map image is realzleen the portion is pinched in/out, or
a portion as a part of a TV clip (for example, atijpa in which the screen transition to a
TV setting image is realized when the portion jpted).

[0052] The operation input and the function that are dased with the defined
portion are prescribed in advance per lower GUIgenautput onto the lower display 4
and per defined portion (for example, see GUI imfation shown in FIG. 6, the GUI
information shown in FIG. 6 will be described bejow

[0053] The display control section 110 has: the independesplay mode (one
example of the first mode) in which an independgsplay mode image (one example of
the first mode image) is output; and a mirror digpinode (one example of the second
mode) in which the mirror display mode image (orareple of the second mode image)
is output. In the independent display mode, thikependent display mode image is the
lower GUI image. In the mirror display mode, théror display mode image is the
lower GUI image. Each of the independent displadenimage and the mirror display

mode image is one example of the first image. ©xwmple of a transition condition
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between the independent display mode and the milisplay mode will be described
below with reference to FIG. 5.

[0054] The independent display mode image is an imageighatiependent of
the upper image output onto the upper display 3ccofdingly, in the independent
display mode, even when the upper image output thietaipper display 3 is changed, the
independent display mode image is not changed Iy cfsnge. For example, the
independent display mode image is an image thagvsr output onto the upper display 3.
Only one type of the independent display mode intagg be provided; however, in this
embodiment, as one example, plural types of thepgaddent display mode images are
provided. Of the plural types of the independeagpldy mode images, the independent
display mode image that is output onto the lowspldiy 4 can be selected by the user.
The plural types of the independent display modages are, for example, the operation
images of the vehicle control system and includeiraage for the air conditioning
operation, an image for selection of the travelt@mode, an image for setting of the
travel assist device, the operation images of ¢fae seat operation and the electric rear
sun shade, and the like. In addition, for examihle,independent display mode image
may have a menu image as a home image and haweraskaucture in which various
images, such as the image for the air conditioropgration and the image for the
selection of the travel control mode, are prepamguarallel on a lower layer of the home
image. Furthermore, in regard to the various irsagech as the image for the air
conditioning operation, the independent display enathage may also have a layer
structure with images on a further lower layer.

[0055] Functions that differ from the functions relatedth@ upper image are
associated with the independent display mode imagethis embodiment, the functions
that are respectively associated with the defirmtigns in the independent display mode
image include various functions of the vehicle colngystem. For example, the various
functions that are respectively associated with daéned portions in the independent
display mode image may include: various functidmet tan be realized by the vehicle

control system switch of the mechanical switch gré&; and further various functions
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(the various functions of the vehicle control systehat cannot be realized by the vehicle
control system switch. FIG. 4A is a view of oneaewle of the independent display
mode image. In the example shown in FIG. 4A, tiiependent display mode image is
the image for the air conditioning operation, ahd tperation item displays 401 to 410
for the various setting are provided.

[0056] The mirror display mode image has the same exteymatarance as the
upper image that is (currently) output onto the arpgisplay 3. Accordingly, in the
mirror display mode, when the upper image thatutgpuat onto the upper display 3 is
changed, the mirror display mode image is changegtsponse to said change. Note
that the mirror display mode image is possibly mtli(or enlarged) at a specified ratio
with respect to the upper image in accordance withfference in screen size between
the upper display 3 and the lower display 4.

[0057] Functions related to the corresponding upper insgeassociated with
the mirror display mode image. That is, the fumutsi related to the upper image are
associated with the mirror display mode image ttzst the same external appearance as
said upper image. In this embodiment, the funestitmat are respectively associated
with the defined portions in the mirror display neotnage include various functions
realized by the multimedia system 2. For exampghe, various functions that are
respectively associated with the defined portionghe mirror display mode image may
include: various functions that can be realizedttyy multimedia system switch of the
mechanical switch group 6; and further various fioms (the functions of the multimedia
system) that cannot be realized by the multimegéiesn switch. FIG. 4B is a view of
one example of the mirror display mode image. himéxample shown in FIG. 4B, the
mirror display mode image is the navigation imaaed the operation item displays 501
to 507 for the various setting are provided.

[0058] Because of the same external appearance as the uppge that is
output onto the upper display 3, the mirror disptayde image can be generated by using
the video signal that is output onto the upperldis@ by the multimedia system 2. In

this way, drawing processing of the mirror dispfapde image in the display control
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section 110 becomes no longer necessary or sieghlivhich is advantageous in terms
of the cost.

[0059] Based on mode switching input by the user, thelayspontrol section
110 is switched between the independent displayenad the mirror display mode.
The mode switching input is input that satisfies ttansition condition (will be described
below with reference to FIG. 5) between the indeleain display mode and the mirror
display mode and is prescribed in advance. Theenswdtching input may include an
arbitrary one type or arbitrary two types of predetined input in the mechanical switch
group 6, predetermined input on the touch panegbrBdetermined input using voice
(predetermined input recognized by a voice recagmiéngine), and predetermined input
by a hand or finger gesture (predetermined inpobgrized by a gesture recognition
engine).

[0060] In this embodiment, as one example, as will be rifgessd¢ below, the
mode switching input includes the predeterminedinp the mechanical switch group 6,
such as an operation of the top switch, and thdgbeemined input on the touch panel 5.
The operation of the top switch is one type of thput that satisfies the transition
condition from the mirror display mode to the indagent display mode.

[0061] The predetermined input on the touch panel 5 (heftEr referred to as
"predetermined touch input") includes: first inghtat satisfies the transition condition
from the independent display mode to the mirropldig mode; and second input that
satisfies the transition condition from the mirdisplay mode to the independent display
mode. The first input is accompanied with fingeswement in a first direction, and the
second input is accompanied with the finger moveanera reverse direction from the
first direction. Hereinafter, the up-down directidan up direction and a down
direction) related to the input on the touch pamebrresponds to a vertical direction of
an operation screen of the touch panel 5. In mEhdita left-right direction (a left
direction and a right direction) related to theuhpn the touch panel 5 corresponds to a
horizontal direction of the operation screen of tinech panel 5. For example, the first

direction is any one of the up direction, the doghrection, the left direction, and the
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right direction on the operation screen of the bopanel 5. The up direction and the
down direction on the operation screen of the tquentiel 5 may respectively correspond
to the up direction and the down direction in theedown direction of the vehicle. In
addition, the left direction and the right direction the operation screen of the touch
panel 5 may respectively correspond to the lefeadion and the right direction in a
vehicle width direction of the vehicle.

[0062] In this embodiment, as one example, the first dimacis the down
direction. Accordingly, the first input is acconmped with the finger movement in the
down direction, and the second input is accompamiéidthe finger movement in the up
direction. More specifically, the first input israd), flick or edge-in in the down
direction (see a condition (1), which will be delsed below), and the second input is the
drag, the flick, or the edge-in in the up directi@®e a condition (14), which will be
described below). The edge-in is an operation ¢hat be detected when both ends in
the up-down direction of the operation screen enttuch panel 5 extend beyond both
ends in the up-down direction of the screen of liheer display 4. The edge-in
corresponds to an operation of finger swipe fronead region in the up-down direction
of the operation screen on the touch panel 5 tegion in the operation screen on the
touch panel 5 that overlaps the screen of the laismiay 4. For example, the edge-in
in the down direction corresponds to an operatiothe finger swipe from an upper end
region in the operation screen on the touch panelabregion in the operation screen on
the touch panel 5 that overlaps the screen ofailver display 4.

[0063] Furthermore, the display control section 110 svatcthe mode from the
mirror display mode to the independent display m@#e a condition (11), which will be
described below) on the basis of a non-operatistzdé by the user (hereinafter referred
to as a "particular non-operational state") onrttigor display mode image in the mirror
display mode for a predetermined time T1 (for eximn@0 seconds) or longer. The
particular non-operational state is a state whene iaput with respect to the mirror
display mode image that is output onto the lowspldiy 4 (the input on the touch panel 5

or the input in the mechanical switch group 6)as made. In this way, the transition
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from the mirror display mode to the independenpldi mode can be realized without a
special switching operation by the user being resgs and thus the convenience is
improved. For example, a time when the user wishesutput a display in the mirror
display mode onto the lower display 4 corresporda time when the user wishes to
perform the operation related to the mirror dispiayde image (the upper image) on the
lower display 4. Because the upper image thath@same external appearance as the
mirror display mode image is shown on the uppepldis 3 in the mirror display mode,
the output of the mirror display mode image onte tlower display 4 becomes
unnecessary at a time point at which the operatdated to the mirror display mode
image on the lower display 4 becomes unnecessanysuch a case, the user can realize
the transition from the mirror display mode to theependent display mode without
performing the operation in the mirror display mookethe lower display 4 for the
predetermined time T1, and thus the user feelsdhgenience.

[0064] FIG. 5 is a state transition view that illustratese example of the
transition condition between the independent dispt@de and the mirror display mode.
The upper display 3, the lower display 4, and threcmanical switch group 6 are also
shown in FIG. 5.

[0065] The transition condition from the independent digphode to the mirror
display mode is satisfied when any of the followamnditions (1) to (2) is satisfied. (1)
The drag, the flick, or the edge-in in the dowrediion is detected on the touch panel 5.
(2) The operation of a switch of the multimediatsys (for example, the map switch or
the destination switch) in the mechanical switabugr 6 is detected.

[0066] The transition condition from the mirror display deoto the independent
display mode (a recovery condition) is satisfiedewrany of the following conditions
(11) to (14) is satisfied. (11) The non-operatstate continues for the predetermined
time T1. (12) The operation of the vehicle contsgbtem switch in the mechanical
switch group 6 is detected. (13) The operatiorthef top switch in the mechanical
switch group 6 is detected. (14) The drag, thekflor the edge-in in the up direction is

detected on the touch panel 5.
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[0067] In this embodiment, as one example, as shown in BlGhe display
control section 110 is switched from the independisplay mode to the mirror display
mode on the basis of an event (the mode switchipgit) that satisfies any of the
conditions (1) to (2) in the independent displaydmo In addition, the display control
section 110 is switched from the mirror display mad the independent display mode on
the basis of an event (the particular non-operatistate) that satisfies the condition (11)
in the mirror display mode. Furthermore, the digptontrol section 110 is switched
from the mirror display mode to the independenpldig mode on the basis of an event
(the mode switching input) that satisfies any @& tdonditions (12) to (14) in the mirror
display mode. Note that, in the following desddpt switching from the independent
display mode to the mirror display mode and switghrom the mirror display mode to
the independent display mode will also collectivbly referred to as "switching of the
display mode".

[0068] Furthermore, the display control section 110 exexuhe animation
processing that includes continuous output of themosite image (see FIG. 8B, FIG.
10B) in which one of the independent display madage and the mirror display mode
image is partially and continuously hidden by ttieeo over plural frame cycles on the
lower display 4. The animation processing is psst®y to generate motion by using
plural static images (the composite image). Thémation processing includes:
automatic animation processing (one example offitst animation processing) that
precedes switching of the display mode; and firigdeed animation processing (one
example of the second animation processing) thexesuted on the basis of the input at
a stage at which the input is not confirmed asaheve "predetermined touch input".
The animation processing may further include cdateh-time animation processing,
which will be described below.

[0069] The automatic animation processing is processingchange the
composite image (see FIG. 8B and FIG. 10B) overpheal frame cycles and then
output the lower GUI image after switching in aped in which the lower GUI image

after switching gradually appears while a dispkayge of the lower GUI image as one of
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the independent display mode image and the miisplad/ mode image before switching
is gradually reduced along with a lapse of timehe &spect in which the lower GUI
image after switching gradually appears while tlspldy range of the lower GUI image
before switching is gradually reduced is realizgdah aspect in which a boundary (see
an upper edge 921 in FIG. 8B and a lower edge 8F1G. 10B) between the lower GUI
image before switching and the lower GUI imageradteitching in the composite image
gradually moves. By executing such automatic ationaprocessing, the user can
visually understand occurrence of switching ofdisplay mode.

[007Q] The finger-linked animation processing is proceagsin change the
composite image (see FIG. 8B and FIG. 10B) over gtheal frame cycles in an
interlocking manner with the finger movement in th@vn direction or the up direction
on the touch panel 5 in an aspect in which a boyn@ae the upper edge 921 in FIG. 8B
and the lower edge 931 in FIG. 10B) between a @oris the independent display mode
image and a portion as the mirror display mode gniagthe composite image moves in
the down direction or the up direction. By exewegtisuch finger-linked animation
processing, the user can visually understand tearmnce of switching of the display
mode when continuing the finger movement in the mlakvection or the up direction on
the touch panel 5 as is.

[0071] Here, the finger-linked animation processing andce thutomatic
animation processing have in common that the bayn@ae the upper edge 921 in FIG.
8B and the lower edge 931 in FIG. 10B) in the cosiipoimage moves over the plural
frame cycles. Accordingly, in the following degation, common portions thereof will
be described without distinguishing the finger-edk animation processing and the
automatic animation processing from each other.further detailed description on the
animation processing will be made below.

[0072] Furthermore, based on a display change command framinput
reception processing section 114 in the independespiay mode, the display control
section 110 executes processing to respond to digjlay change command. The

processing to respond to the display change comnsanmacessing to make a change of
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the screen transition, the screen scrolling, angettisplay, or the like that is related to
the independent display mode image. The displaangh command to the display
control section 110 is generated on the basiseobgieration signal of the vehicle control
system switch in the mechanical switch group 6her dperation input that is associated
with the defined portion of the independent dispiagde image.

[0073] Based on the operation input on the touch panghé,nput reception
processing section 114 executes particular functipocessing that executes a
predetermined function associated with the indepentdlisplay mode image or the
mirror display mode image output onto the lowempldig 4. In this embodiment, the
predetermined function includes: a function thaassociated with the specified defined
portion of the independent display mode image @xample of the first predetermined
function); and a function that is associated witle specified defined portion of the
mirror display mode image (one example of the ségmedetermined function). In this
embodiment, as one example, the specified defiretiop includes all of the defined
portions of the independent display mode image thiedmirror display mode image.
Accordingly, in the following description, such ites as the "specified defined portion"”
and the "predetermined function" will only be useden necessary, and such terms as
the "defined portion” and the "function” will sinypbe used.

[0074] More specifically, in a state where the independksplay mode image
is output onto the lower display 4, the input reém®@pprocessing section 114 executes the
function that is associated with the defined ported said independent display mode
image on the basis of the operation input assatiat¢h said defined portion. For
example, the input reception processing section seifdls a control command that is
associated with said function to the CAN 30, amal/ales the display control section 110
with the display change command associated witth fsaiction. The control command
that is sent to the CAN 30 instructs to changet@ingevalue of the air conditioner (for
example, a blower air amount, a set temperaturtheolike), for example. The display
change command that is provided to the displayrobsection 110 instructs to change

the screen transition, the screen scrolling, tiigngedisplay, or the like that is related to
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the independent display mode image, or the likeccotdingly, in the independent
display mode, the independent display mode imagefuraction as a GUI of the vehicle
control system, and the touch panel 5 can fund®an operating device of the vehicle
control system.

[0075] In addition, in a state where the mirror displayd®amage is output
onto the lower display 4, the input reception pssteg section 114 executes the function
that is associated with the defined portion in saidor display mode image on the basis
of the operation input that is associated with s#éined portion. That is, the input
reception processing section 114 provides the matlia system 2 with the operation
signal that is associated with said function. Adaagly, in the mirror display mode,
with the upper image, the mirror display mode image function as the GUI related to
the multimedia system 2, and the touch panel Sfeaction as the operating device that
has the multimedia system 2 as an operation target.

[0076] For example, the input reception processing seclibh executes the
particular function processing on the basis of &gl information that is prepared for
each of the independent display mode images and et¢he mirror display mode
images. For example, as shown in FIG. 6, the Gtdrimation includes: an image ID
that is used to identify each of the independespldy mode images and each of the
mirror display mode images; and a defined portidriHat is used to identify each of one
or more of the defined portions per image ID. TGidl information further includes per
defined portion ID: a position (a range) of theided portion; the operation input (a type
of the operation input) that is associated with dieéined portion; the operation signal
that is associated with the defined portion (tlsatthe operation signal for realizing the
function associated with the defined portion); @amdoutput destination of the operation
signal. Note that, in the GUI information, the it destination of the operation signal
related to the independent display mode image tislefined to the multimedia system 2
and the output destination of the operation sigetdted to the mirror display mode
image is not defined to the display control secti@dd. Note that such GUI information

is stored in the main memory 13 in advance, formga.
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[0077] For example, in FIG. 6, an image B 00001 relates to the mirror
display mode image. The defined portion (xx10xa&% yy10 to yy11) with a defined
portion ID 00001 related to the image #200001 represents a rectangular region where
an x-coordinate of the image is xx10 to xx11 arydcaordinate is yy10 to yy1l1l. In the
defined portion ID 00001, a tap is received in sefined portion, and a display change
command A is output onto the multimedia system Begponse to said tap. Similarly,
in the defined portion (xx30 to xx31, yy30 to yy3&ith a defined portion ID 00003, a
flick is received in said defined portion, and amdward scrolling command is output
onto the multimedia system 2 in response to s&l.fl An image ID= 00002 relates to
the independent display mode image. In a defiretign (xx20 to xx21, yy20 to yy21)
with a defined portion IB= 00002 related to the image H00002, the tap is received in
said defined portion, a set value increase comniansl output onto the CAN 30 in
response to said tap, and a display change comBasdutput onto the display control
section 110.

[0078] Furthermore, the input reception processing sectidd executes
processing that corresponds to the operation sigralived from the mechanical switch
group 6. More specifically, when receiving the @®n signal related to the
multimedia system switch, the input reception pssaeg section 114 provides said
operation signal to the multimedia system 2. Iditoh, when receiving the operation
signal related to the vehicle control system switblk input reception processing section
114 sends the control command that correspondsidooperation signal to the CAN 30,
and provides the display change command that quones to said operation signal to the
display control section 110. The display changenmoand provided to the display
control section 110 commands changes of the sdraasition, the screen scrolling, the
setting display, and the like that are relatechto ihdependent display mode image. In
addition, when receiving the operation signal eslab the top switch, the input reception
processing section 114 generates the display chamgehand that commands the screen

transition to the home image of the independerglajsmode image. Once generating
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the display change command related to the top Bwitee input reception processing
section 114 provides said display change commatitetdisplay control section 110.

[0079]  According to the operating apparatus for the vehiclthis embodiment
that has been described so far, superior effectglbbe described below are especially
exerted.

[0080] First, as described above, the lower GUI image ithatutput onto the
lower display 4 selectively includes: the indepernddisplay mode image that is
independent of the upper image output onto the ugiplay 3; and the mirror display
mode image that has the same external appearartbe apper image output onto the
upper display 3. Based on the mode switching ifiuh the user, the display control
section 110 is switched between the independeplagisnode and the mirror display
mode. Accordingly, the user can switch the lowéi @nage that is output onto the
lower display 4 from the independent display moaege to the mirror display mode
image by the mode switching input, and thus thevenience is improved.

[0081] Because the mode switching input includes the peedéned touch
input, the user can make the mode switching ingthowut directly looking at the lower
display 4 (or can make the mode switching inpuéraftinpointing the position of the
touch panel 5 of the lower display 4 by momentadihgctly looking at the touch panel 5
before making the mode switching input), and thavement of the driver's line of sight
from the front at a time of making the mode swibchinput can be suppressed.

[0082] The transition between the independent display ma the mirror
display mode is accompanied with the change oflalaer GUI image on the lower
display 4 (the change between the independentagisplode image and the mirror
display mode image). Accordingly, the user canafly understand switching between
the independent display mode and the mirror disphede by looking at the change
between the independent display mode image andhitier display mode image on the
lower display 4 and thus intuitively becomes faarilvith the apparatus.

[0083] In the independent display mode, the user canzeeitie function that is

associated with the independent display mode intiaigigh the operation on the lower
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display 4. Accordingly, the user can realize thection that cannot be realized in the
mirror display mode (the operation of the vehiobatcol system) through the operation
of the lower display 4. In this way, in the indegent display mode, while the upper
image is in a visually recognizable state on thpeunmlisplay 3 with the relatively high
visibility, the user can perform the operation tethto the independent display mode
image, which is independent of the upper imagethenlower display 4. Accordingly,
in the independent display mode, regardless opa tf the operation performed on the
lower display 4 during traveling, the user can rtemthe navigation image in a visually
recognizable state on the upper display 3 withstiygerior visibility to the lower display
4.

[0084] In the mirror display mode, the mirror display maddege that has the
same external appearance as the upper image artfmuthe upper display 3 is output
onto the lower display 4. Accordingly, the usemn gaerform the operation of the
multimedia system 2 (for example, the navigatiorragion) on the lower display 4. In
this way, in the mirror display mode, the user panform the operation related to the
mirror display mode image that has the same eXtagearance as the upper image
output onto the upper display 3 the operation related to said upper image) oricver
display 4 while looking at said mirror display moitheage on the lower display 4. In
this way, in the mirror display mode, the user atso perform the operation related to
the upper image on the lower display 4 while logkat said upper image on the upper
display 3 with the relatively high visibility. Foexample, when performing a
motion-related operation such as scrolling of a imaghe drag, reduction/enlargement of
the map by pinching-in/out, or the like, the usan @perate the touch panel 5 of the
lower display 4 like a remote touch pad while loakiat the upper image. Thus, easy
visibility during driving and the operability of ¢hnavigation image are particularly
improved. In addition, the driver can comprehengoaition of the desired operation
item display in advance by looking at the uppergméor the operation other than the
motion-related operation. Thus, when the userizeslthe function related to said

operation item display on the lower display 4,maetito withdraw the line of sight to the
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front can be shortened. Furthermore, the loweglays4 is provided at the position that

is lower than the upper display 3 and that is tleardriver's seat. Thus, compared to a
case where a touch panel is provided in the upisptay 3 and the operation related to
the upper image is performed on the upper displalye3operability is improved.

[0085] The upper image output onto the upper displaytBasavigation image
or the like. Accordingly, GUI software used for "&@xisting single display with a touch
panel" can be used, for example. In addition, bseahe mirror display mode image
has the same external appearance as the upper,iamghown in FIG. 1, the mirror
display mode image can be generated by using tteowsignal that is received by the
upper display 3. In this way, development man-hafusoftware for generation of the
mirror display mode image in the display controtte® 110 and software for the
multimedia system 2 can be reduced.

[0086] In each of the independent display mode and theomdisplay mode,
the user can realize the various functions thraighoperation of the touch panel 5 on
the lower display 4. Accordingly, the upper digpl& can be used exclusively for a
display purpose, and in such a case, cost of therufisplay 3 (cost related to the touch
panel) can be reduced. When the upper display usesl exclusively for the display
purpose, the upper display 3 can be arranged at pdsition where the driver cannot
reach. In this way, a difference between a dioectf the driver's line of sight to the
upper display 3 and a direction of the driver'® lof sight to the front during traveling
(displacement of the driver's line of sight frone tihont at a time when the user visually
recognizes the upper image on the upper displagai3)e minimized.

[0087] Next, a description will be made on a preferrechgxa of the animation
processing with reference to FIG. 7 to FIG. 10C. hild/the upper display 3, the lower
display 4, and the mechanical switch group 6 aosvehtogether in each of FIG. 7 to FIG.
10C, a description will mainly be made on the loweage on the lower display 4 with
reference to FIG. 7 to FIG. 10C. In addition, aatgtion will mainly be made with

assumption of executing the finger-linked animatwacessing with reference to FIG. 7
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to FIG. 10C; however, the description will subsiaiy be the same when the automatic
animation processing is assumed.

<Louver-Door Model>

The preferred example of the animation processrgased on a louver-door model (one
example of the door model). FIG. 7 is a concepgxplanatory view of the louver-door
model.

[0088] As conceptually shown in FIG. 7, the louver-doordalois a model in
which the independent display mode image serveslagver door 90 (one example of
the door) that selectively covers the mirror digptaode image and causes translational
movement within the screen or out of the screen.otter words, as conceptually shown
in a balloon in FIG. 7, the independent display modage is used to resemble the louver
door 90 (the louver door 90 on which the indepehdé&play mode image is drawn in an
interior side), and the louver door 90 is drawn amvor downward. Accordingly, the
louver-door model is a model that realizes the ation processing in an aspect that the
mirror display mode image is hidden when the indelpat display mode image is drawn
upward and the mirror display mode image is visibken the independent display mode
image is drawn downward.

[0089] FIG. 8A to FIG. 8C are explanatory views of thenaaiion processing
based on the louver-door model. FIG. 8A showsatesbefore switching from the
independent display mode to the mirror display modelG. 8B shows a state during the
animation processing that is related to switchirggnf the independent display mode to
the mirror display mode (one example of the contpasiage). FIG. 8C shows a state
after switching from the independent display mam¢ghe mirror display mode.

[0090] FIG. 8B schematically shows a state of a handrtieltes the first input
(the downward drag) (see an arrow R1). 920 denatésuver door on which the
independent display mode image is drawn on theidanteide (hereinafter also referred to
as a louver-door image 920), and 921 denotes aarwggge of the louver-door image
920 (a boundary on an upper side). In this embedimas shown in FIG. 8B, the

composite image has the louver-door image 920 itagbéhe independent display mode)
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on a lower side of the boundary (see the upper 88t and also has a part of the mirror
display mode image on an upper side of the bounfsy the upper edge 921). This
relates to the direction of each of the first inpaot the second input in the predetermined
touch input.

[0091] FIG. 8B shows a state where displacement of thgefimelated to the
first input isAyl. When the louver door is drawn downward, aneugnd of the louver
door does not always have to be drawn downwardragging with the finger, but any
position in the louver door is dragged with thegén  Accordingly, a starting point of
the first input does not have to be the upper drttieo screen but may be a point below
the upper end of the screen as shown in FIG. 8Bexample (in the example shown in
FIG. 8B, a point above the position of the fingeown in FIG. 8B by\y1 is the starting
point of the first input).

[0092] In the louver-door model, as shown in FIG. 8A t&&FBC, the mirror
display mode image=(the upper image, the navigation image in this elajnthat is
hidden under the louver-door image 920 graduallyeaps (from the upper side) at a
position between the upper edge 921 of the louver-timage 920 and an upper edge of
the screen in conjunction with the downward moveindrthe louver-door image 920
(see an arrow R2). When the upper edge 921 dbthver-door image 920 conceptually
reaches the lowermost portion of the screen (thatlen the louver door is drawn out of
the screen and is accommodated downward), as siowiG. 8C, the mirror display
mode image that is hidden under the louver-dooger220 is brought into a completely
visible state (a state of being output onto th&estreen).

[0093] Because the louver-door model is based on the maieg the louver
door that is familiar to the user through his/hiée, la layer relationship between the
independent display mode image and the mirror aysphode image becomes easily
understandable, and thus intuitive understandingtha&f relationship between the
independent display mode image and the mirror a@jsptode image by the user can be

promoted. That is, it can easily be understoottti@independent display mode image
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(the louver-door image 920) is located on an ugdpger (the interior side) from the
mirror display mode image.

[0094] In addition, according to the louver-door modele thosition of the
mirror display mode image such as the navigatioagen which is dynamically changed
with the lapse of time or a change in the positainthe vehicle, on the screen is
constantly fixed during the animation processinghus, the drawing processing can
relatively easily be executed.

[0095] Furthermore, in the example shown in FIG. 8B, bseaa shadow
display 922 that represents a shadow effect forlbyethe upper end of the louver-door
image 920 is drawn, it is further easily understdloat the independent display mode
image (the louver-door image 920) is located onupeer layer (the interior side) from
the mirror display mode image. Note that, in ortterachieve a similar effect, the
mirror display mode image may be drawn in sligtdigaller size than full size of the
screen when being partially hidden by the louvesrdmage 920 and may be drawn to be
enlarged to the full size of the screen when thevéo-door image 920 conceptually
moves out of the screen. In this case, due tasppetive effect, the layer relationship
between the independent display mode image andnih®r display mode image is
further easily understood.

[0096] Herein, the description has been made on the aimimptocessing that
is related to switching from the independent digpt@ode to the mirror display mode.
Meanwhile, reversal thereof is substantially themsa More specifically, the animation
processing that is related to switching from theronidisplay mode to the independent
display mode is substantially the same except fpoiat that motion of the louver-door
image 920 is reversed. That is, the animation gssiog based on the louver-door
model is realized in an aspect in which the lowdaor is lifted in the up direction to hide
the mirror display mode image under the louver-dowge 920. At this time, similarly,
the mirror display mode image may be drawn in greeisthat the mirror display mode
image becomes slightly smaller than the full siteghe screen along with lifting of the

louver-door image 920 (that is, an image of witknB. In this way, understanding of
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the layer relationship between the independentlajispnode image and the mirror
display mode image is further facilitated by thespective effect.

[0097] Note that, as a modified example of the louver-dowdel, a door
without a clearance, such as a sliding door orutesh may be used instead of the louver
door. In addition, in the above-described louveoid model, the louver door is
accommodated on a lower side on the outside o$¢heen. However, the louver-door
model in which the louver door is accommodated maper side on the outside of the
screen may be used. In this case, the image ashihter may be used instead of the
louver door (that is, a shutter model may be usedlote that, when the louver-door
model, in which the louver door is accommodatedhenupper side on the outside of the
screen, or the similar shutter model is adoptesl ditection of each of the first input and
the second input (the up-down direction) in thedptermined touch input is vertically
reversed.
<Roll-Up-Curtain Model>
The other preferred example of the animation preiogsis based on a roll-up-curtain
model. FIG. 9 is a schematic explanatory view ailkup-curtain model.

[0098] As conceptually shown in FIG. 9, the roll-up-cuntanodel is a model in
which the mirror display mode image serves as lacigtain 92 that selectively covers
the independent display mode image and is laidirotthe screen or is rolled up to the
outside of the screen. In other words, as conadiptahown in a balloon in FIG. 9, the
mirror display mode image is used to resemble dtlecartain 92 (the roll curtain 92 on
which the mirror display mode image is drawn in ititerior side), and the roll curtain 92
is laid out or rolled up. Accordingly, the roll+gurtain model is a model that realizes
the animation processing in an aspect that theomgisplay mode image is visible when
the mirror display mode image is laid out and thdependent display mode image is
visible when the mirror display mode image is rolie.

[0099] FIG. 10A to FIG. 10C are explanatory views of tidn@ation processing
based on the roll-up-curtain model. FIG. 10A shawstate before switching from the

independent display mode to the mirror display modelG. 10B shows a state during
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the animation processing that is related to swiigtirom the independent display mode
image to the mirror display mode image (one exarmpthe composite image), and FIG.
10C shows a state after switching from the independlisplay mode to the mirror

display mode.

[0100] FIG. 10B schematically shows a state of the haiad thakes the first
input (the downward drag) (see the arrow R1). @8&0otes a roll curtain on which the
mirror display mode image is drawn on the integmte (hereinafter also referred to as a
roll-curtain image 930), and 931 denotes a lowegeedf the roll-curtain image 930 (a
lower boundary). In this embodiment, as shownl{®.A0B, the composite image has a
part of the independent display mode on a lowes sida boundary (see the lower edge
931) and has the roll-curtain image 930 (a pathefmirror display mode image) on an
upper side of the boundary (see the lower edge. 93Mhis relates to the direction of
each of the first input and the second input ingtesletermined touch input.

[0101] FIG. 10B shows a state where the displacementeofitiyer related to
the first input isAy2. The roll curtain is laid out in the screen wizelower edge thereof
(an image of a string hung from the lower edge,efixeimple) is dragged downward by
the finger or the like. Accordingly, the startipgint of the first input is the upper end
of the screen. FIG. 10B shows a state where theudain is laid out to a lower side of
the upper end of the screen (see an arrow R3).

[0102] As shown in FIG. 10A to FIG. 10C, in the roll-uprain model, in
conjunction with downward layout of the roll-curiaimage 930 € the upper image, the
navigation image in this example), the roll-curtaimage 930 gradually appears
downward from the upper side of the screen in anmaato appear from a lower edge side
of the image (the lower edge side of the navigaimage), and the independent display
mode image is gradually hidden (from the upper)sid&/hen the lower edge 931 of the
roll-curtain image 930 conceptually reaches theelomost portion of the screen (or
moves downward to the outside of the screen), awrshn FIG. 10C, the independent
display mode image is completely hidden under tiecurtain image 930 (that is, the

roll-curtain image 930 is output onto the entireesn).
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[0103] The roll-up-curtain model is based on the modehgghe roll curtain
that is familiar to the user from his/her life. d&edingly, the layer relationship between
the independent display mode image and the mirisplaly mode image is easily
understood, and intuitive understanding of the ti@hahip between the independent
display mode image and the mirror display mode enbg the user can be promoted.
That is, it is easily understood that the mirr@apiity mode image (the roll-curtain image
930) is located on the upper layer (the interide}ifrom the independent display mode
image.

[0104] In addition, in the example shown in FIG. 10B, hessa a shadow
display 932 that represents a shadow effect forhyethe lower edge of the roll-curtain
image 930 is drawn, it is further easily understdloat the mirror display mode image
(the roll-curtain image 930) is located on the uplager (the interior side) from the
independent display mode image. Note that, inrd@ebtain a similar effect, once the
mirror display mode image (the roll-curtain imag80p starts being laid out, the
independent display mode image may be drawn inspec of being slightly smaller
than the full size of the screen (that is, the immafjwithdrawal). In this way, the layer
relationship between the independent display motege and the mirror display mode
image is further easily understood due to the matsge effect.

[0105] Here, the description has been made on the animptmcessing that is
related to switching from the independent displagdm to the mirror display mode.
Meanwhile, the reversal thereof is substantiallg tame. More specifically, the
animation processing that is related to switchirgmf the mirror display mode to the
independent display mode is substantially the saxaeept for a point that motion of the
roll-curtain image 930 is reversed. That is, tmemation processing based on the
roll-up-curtain model is realized in an aspect ttia roll curtain is rolled in the up
direction and the independent display mode imageas from the position under the
roll-curtain image 930. At this time, similarlyudng lifting of the roll-curtain image
930, the independent display mode image may berdtavibe slightly smaller than the

full size of the screen and to be enlarged to tiiesfze of the screen at a time point at
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which lifting of the roll-curtain image 930 is cofeped. In this way, due to the
perspective effect, the layer relationship betwtenindependent display mode image
and the mirror display mode image is further easilgerstood.

[0106] Note that, in the roll-up-curtain model shown ifGFR to FIG. 10C, the
layer relationship in which the mirror display madeage (the roll-curtain image 930) is
in the upper layer (on the interior side) from ihdependent display mode image is
established. However, the invention is not limitdgbreto. For example, in the
modified example, the roll-up-curtain model mayrbalized by the layer relationship in
which the independent display mode image is inupper layer (on the interior side)
from the mirror display mode image. In this cas® roll curtain (the roll-curtain
image) on which the independent display mode imagdrawn on the interior side is
used. Then, in conjunction with rolling up of th@l curtain, the mirror display mode
image that is hidden underneath gradually appeans & portion between the lower edge
931 of the roll-curtain image and the lower edgethaf screen (from the lower side).
Once the roll-curtain image is conceptually roliggdcompletely, as shown in FIG. 10C,
the mirror display mode image that has been hiddeder the roll-curtain image is
brought into a completely visible state. Note thatsuch a modified example, the
direction (the up-down direction) of each of thestfiinput and the second input in the
predetermined touch input is vertically reversed.

[0107] In the roll-up-curtain model shown in FIG. 9 to FI®C, the roll curtain
is of a roll-up type on the upper side (that igy@e in which the upper end side of the
roll-curtain image 930 is rolled up). However, theention is not limited thereto. For
example, the roll-up-curtain model that is basedhanroll curtain of the roll-up type on
the lower side (that is, a type in which the lowad side of the roll-curtain image 930 is
rolled up and stored upward) may be used. In¢hise, a blind image may be used
instead of the roll-curtain image.

[0108] Next, a description will be made on an operatioanegle of the control
unit 10 with reference to FIG. 11 to FIG. 17. Hedhe description will be made on the

operation example that is accompanied with the ation processing based on the
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above-described louver-door model (FIG. 7 to FIG) 8s one example. However, the
animation processing based on the roll-up-curtamdehcan be applied in a substantially
similar manner. In the following operation exam@dvantageous differences from the
animation processing based on the roll-up-curtaodeh which is shown in FIG. 9 to
FIG. 10C, and the like will appropriately be deked.

[0109] FIG. 11 is an explanatory view of various definisoused for the
description of the operation example. Each of FIG.to FIG. 15 is a schematic
flowchart of one example of processing that is ekt by the input reception processing
section 114 of the control unit 10.

[0110] Here, as shown in FIG. 11, X, y-coordinates andtipesdirections on
the screen of the lower display 4 will be definedrlG. 11 schematically shows the
user's hand that makes the downward drag (see@m)ar In the following description,
as shown in FIG. 11, a current touch position tsase(X, y), a touch start (on-trigger)
position is set as (x0, y0), and a touch finisli-{o§ger) position is set as (x1, y1).

[0111] Each of FIG. 12 and FIG. 13 is the schematic floavttof the one
example of the processing that is executed byrthetireception processing section 114.
The processing shown in FIG. 12 is executed inegifipd cycle while an ignition switch
is on, for example. In this embodiment, as onargla, the specified cycle corresponds
to the frame cycle on the lower display 4.

[0112] In step S1200, the input reception processing @ectil4 determines
whether the current display mode is the mirror ldgmode. If a determination result is
"YES", the process proceeds to step S1201. Otken@hat is, if the current display
mode is the independent display mode), the propesseeds to processing in FIG. 14.
Note that an initial mode of the display mode (dadk mode immediately after the
ignition switch is turned on) is the independespthy mode, for example.

[0113] In step S1201, the input reception processing @ectil4 determines
whether the automatic animation processing is atigreexecuted by the display control
section 110. Step S1201 is executed not to acteptinput during the automatic

animation processing by the display control sectld®. If a determination result is
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"YES", the current processing cycle is terminatedsa Otherwise, the process proceeds
to step S1202.

[0114] In step S1202, the input reception processing @ectil4 determines
whether the current processing cycle is an inititle after the transition from the
independent display mode to the mirror display modé a determination result is
"YES", the process proceeds to step S1203. Otkervithe process proceeds to step
S1204.

[0115] In step S1203, the input reception processing @eclil4 activates a
timer Tm. The timer Tm is used to detect the abdescribed particular
non-operational state. Once activated or cleatlkd, timer Tm goes off after the
predetermined time T1 (for example, 20 seconds).

[0116] In step S1204, the input reception processing aeclil4 determines
whether the operation signal is received from thectmanical switch group 6. If a
determination result is "YES", the process proceedstep S1206. Otherwise, the
process proceeds to step S1220.

[0117] In step S1206, the input reception processing aedtil4 clears (resets)
the timer Tm.

[0118] In step S1208, the input reception processing @eclil4 executes
processing that corresponds to the received oparsigjnal. This type of the processing
is processing to response to the operation sigaal the mechanical switch group 6 and
as is described above.

[0119] In step S1220, the input reception processing @ectil4 determines
whether the input on the touch panel 5 is preseRtesence or absence of the input on
the touch panel 5 can be determined on the bagsestnce or absence of a detection
signal from the touch panel 5. If a determinatiesult is "YES", the process proceeds
to step S1222. Otherwise, the process proceestepdS1240.

[0120] In step S1222, the input reception processing@edtil4 clears (resets)

the timer Tm.
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[0121] In step S1224, the input reception processing aeclil4 determines
whether the input on the touch panel 5 is the djgeranput that is associated with the
defined portion. The defined portion is as desadilabove. The determination on
whether the input on the touch panel 5 is the djmeranput that is associated with the
defined portion can be determined on the basib@irmage ID related to the lower GUI
image that is output onto the lower display 4 drel®&UI information as shown in FIG. 6,
for example. If a determination result is "YESHetprocess proceeds to step S1226.
Otherwise, the process proceeds to step S1230.

[0122] In step S1226, the input reception processing aeclil4 executes
processing to execute the function that is assedtiatith the defined portion (the
particular function processing). The particulandtion processing is as described above.
Note that this type of the processing in the midisplay mode is processing to provide
the operation signal, which is associated with da&ned portion of the mirror display
mode image output onto the lower display 4, tonthdtimedia system 2.

[0123] In step S1230, the input reception processing aeclil4 determines
whether the touch start position is located on dhéside of the screen of the lower
display 4. If a determination result is "YES", tpeocess proceeds to step S1232.
Otherwise, the process proceeds to step S1236.

[0124] In step S1232, the input reception processing @ecltil4 determines
whether a series of the input on the touch panéd fput by "the edge-in in the
up-direction". The edge-in in the up-directionais described above and is a swiping
operation in the up direction from the lower sidgetbe outside of the screen of the lower
display 4. If a determination result is "YES", theocess proceeds to step S1234.
Otherwise, the current cycle is terminated as is.

[0125] In step S1234, the input reception processing @ectil4 generates a
mode switch command and provides the mode switchntand to the display control
section 110. The mode switch command is input dmmand the display control

section 110 to switch the display mode. The praiogsby the display control section
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110 at the time of receiving the mode switch comehaill be described below with
reference to FIG. 16.

[0126] In step S1236, the input reception processing @ectil4 determines
whether the touch start position is the lower ehthe screen of the lower display 4. If
a determination result is "YES", the process prdsde "flick/drag detection processing
related to the transition condition”, which will described below with reference to FIG.
13. Otherwise, the current processing cycle miteaited as is.

[0127] In step S1240, the input reception processing aeclil4 determines
whether the timer Tm goes off. If a determinatiesult is "YES", the process proceeds
to step S1242. Otherwise, the current processiolg @s terminated as is.

[0128] In step S1242, the input reception processing @ectil4 generates a
mode recovery command and provides the mode regos@mmand to the display
control section 110. The mode recovery commartesnput to command the display
control section 110 to recover from the mirror thypmode to the independent display
mode. The processing by the display control sectibO at the time of receiving the
mode recovery command will be described below waflrence to FIG. 16.

[0129] FIG. 13 is a schematic flowchart of one exampletiué flick/drag
detection processing related to the transition tmmd Note that the processing shown
in FIG. 13 is executed when the determination tasutep S1236 of FIG. 12 is "YES".
The processing shown in FIG. 13 includes a loopithaxecuted in every specified cycle.
Once step S1316 or step S1318 is terminated, theegsing returns to that from step
S1200 of FIG. 12 in the next processing cycle.

[0130] In step S1300, the input reception processing @ectil4 determines
whether the input on the touch panel 5 is preseliita determination result is "YES", the
process proceeds to step S1302. Otherwise, tlegg@roceeds to step S1310.

[0131] In step S1302, the input reception processing aedtil4 clears (resets)
the timer Tm.

[0132] In step S1304, the input reception processing aeclil4 determines

whether the current touch position is located alibeetouch start position on the basis of



10

15

20

25

40

the touch start position and the current touch twsi That is, the input reception
processing section 114 determines whetheryp. If a determination result is "YES",
the process proceeds to step S1306. Otherwis@rdicess returns to step S1300 in the
next processing cycle.

[0133] In step S1306, the input reception processing @ecltil4 computes a
difference € y0 - y) in a y-direction between the current touch pesiand the touch
start position as a louver-door lift amount frone tbwer end of the screen and provides
the louver-door lift amount to the display contsalction 110. The processing by the
display control section 110 at the time of recegvthe louver-door lift amount will be
described below with reference to FIG. 16 and AIG.

[0134] In step S1310, the input reception processing @ectil4 detects the
off-trigger by receiving the touch position in tleest processing cycle as the touch finish
position.

[0135] In step S1312, the input reception processing aeclil4 determines
(identifies) whether a series of the current inpuithe touch panel 5 is either the drag or
the flick in the up direction. If the series okthurrent input on the touch panel 5 is the
drag in the up direction, the process proceedseip S1314. If the series of the current
input on the touch panel 5 is the flick in the upedtion, the process proceeds to step
S1316.

[0136] In step S1314, the input reception processing @ecltil4 determines
whether a drag amount in the up directisnyQ — y1) is equal to or larger than a
prescribed value Td. The prescribed value Td tisr@shold that is related to the drag
amount of the drag that satisfies the transitiomdition. The prescribed value Td may
be equal to a vertical dimension of the screerneflower display 4. However, as one
example, the prescribed value Td is a smaller vétlaa the vertical dimension of the
screen of the lower display 4 herein and is hadfuéartical dimension of the screen of the
lower display 4, for example. If a determinati@sult is "YES", the process proceeds

to step S1316. Otherwise, the process proceestepdS1318.
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[0137] In step S1316, the input reception processing @edtl4 generates the
mode switch command and provides the mode switchnwand to the display control
section 110. Once the process in step S1316nsnated, the processing in FIG. 13 is
terminated.

[0138] In step S1318, the input reception processing @edtil4 generates the
louver-door lowering command and provides the lowaor lowering command to the
display control section 110. The processing by display control section 110 at the
time of receiving the louver-door lowering commawill be described below with
reference to FIG. 16 and FIG. 17. Once the progestéep S1318 is terminated, the
processing in FIG. 13 is terminated.

[0139]  According to the processing shown in FIG. 12 an@.F13, when the
transition conditions from the mirror display mamethe independent display mode (the
above-described conditions (11) to (14)) are satisin the mirror display mode, the
mode switch command, the mode recovery commanditentike are generated and can
be provided to the display control section 110. adidition, the drag or the flick in the
up direction in the above-described condition ($4)mited to the drag or the flick from
the lower end of the screen of the lower display K.is because of such an image that
the louver door is accommodated on the lower sidé¢he outside of the screen in the
mirror display mode (see FIG. 8C). In this wayg thser's recognition on the
louver-door model can be promoted.

[0140] Each of FIG. 14 and FIG. 15 is a schematic flowcb&one example of
processing that is executed by the input receptimtessing section 114 together with
the above-described processing shown in FIG. 12 Rl 13. Similar to the
processing in FIG. 12, the processing shown in A& is executed in every specified
cycle.

[0141] The processing shown in FIG. 14 differs from thecpssing shown in
FIG. 12 in points that step S1410 and step S14é2dded to the processing shown in
FIG. 12 that step S1200 to step S1203, step Sl1226,step S1232 are respectively
replaced with step S1400 to step S1403, step Skbstep S1432 and that step S1206,
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step S1222, step S1236, step S1240, and step $I@4ot provided. A description
will hereinafter be made on different portions.

[0142] In step S1400, the input reception processing @ectil4 determines
whether the current display mode is the independempiay mode. If a determination
result is "YES", the process proceeds to step S14Qtherwise (that is, if the current
display mode is the mirror display mode), the pssogg is shifted to that in FIG. 12.

[0143] In step S1401, the input reception processing @ectil4 determines
whether the automatic animation processing is atigreexecuted by the display control
section 110. The process in step S1401 is execuittb accept the input during the
automatic animation processing by the display abrgection 110. If a determination
result is "YES", the current processing cycle renieated as is. Otherwise, the process
proceeds to step S1402.

[0144] In step S1402, the input reception processing @ectil4 determines
whether the current processing cycle is an intyale after the transition from the mirror
display mode to the independent display mode. hdfdetermination result is "YES", the
processing proceeds to step S1403. Otherwis@rtuess proceeds to step S1204.

[0145] In step S1403, the input reception processinga@edii4 stops the timer
Tm. This is because the timer Tm is not usedenitidependent display mode.

[0146] In step S1410, the input reception processing @ecltil4 determines
whether the above-described condition (2) "the afem of the switch of the multimedia
system in the mechanical switch group 6 is detéctedsatisfied on the basis of the
received operation signal. If a determination Itesu"YES", the process proceeds to
step S1412. Otherwise, the current processingagderminated as is.

[0147] In step S1412, the input reception processing @edtl4 generates the
mode switch command and provides the mode switchn@and to the display control
section 110.

[0148] In step S1426, the input reception processing @ectil4 executes the
processing to execute the function that is assedtiatith the defined portion (the

particular function processing). The particulandtion processing is as described above.
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Note that this processing in the independent dysphede includes provision of the
display change command, which is associated wéld#fined portion of the independent
display mode image output onto the lower displagw4he display control section 110.

[0149] In step S1432, the input reception processing @ectil4 determines
whether a series of the input on the touch panseliBput by "the edge-in in the down
direction". The edge-in in the down direction ssdescribed above and is the swiping
operation in the down direction from the upper Sitethe outside of the screen of the
lower display 4. If the determination result iSES", the process proceeds to step
S1234. Otherwise, the current processing cydieriminated as is.

[0150] The processing shown in FIG. 15 differs from thecpssing shown in
FIG. 13 in points that step S1304, step S1306, Stil2, step S1314, and step S1318
are respectively replaced with step S1504, stef@&@1fep S1512, step S1514, and step
S1518 and that step S1302 is not provided. A degmm will hereinafter be made on
different portions.

[0151] In step S1504, the input reception processing aeclil4 determines
whether the current touch position is located betosvtouch start position on the basis of
the touch start position and the current touch twsi That is, the input reception
processing section 114 determines whethery@. If the determination result is "YES",
the process proceeds to step S1506. Otherwis@rdicess returns to step S1500 in the
next processing cycle.

[0152] In step S1506, the input reception processing @ectil4 computes a
difference € y — y0) in the y-direction between the current touosifion and the touch
start position as a louver-door lowering amountrfrthe upper end of the screen, and
provides the louver-door lowering amount to thepldig control section 110. The
processing by the display control section 110 atttme of receiving the louver-door
lowering amount will be described below with refere to FIG. 16 and FIG. 17.

[0153] In step S1512, the input reception processing aeclil4 determines
(identifies) whether the series of the current tnpu the touch panel 5 is either the drag

or the flick in the down direction. If the serigkthe current input on the touch panel 5
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is the drag in the down direction, the process geds to step S1514. If the series of the
current input on the touch panel 5 is the flickhe down direction, the process proceeds
to step S1316.

[0154] In step S1514, the input reception processing @ectil4 determines
whether the drag amount in the down directieryl — y0) is equal to or larger than the
prescribed value Td. The prescribed value Td isdascribed above. If the
determination result is "YES", the process procetdstep S1316. Otherwise, the
process proceeds to step S1518.

[0155] In step S1518, the input reception processing aecltil4 generates a
louver-door lift command and provides the louveoddift command to the display
control section 110. The processing by the disglatrol section 110 at the time of
receiving the louver-door lift command will be debed below with reference to FIG. 16
and FIG. 17. Once step S1518 is terminated, thegssing in FIG. 15 is terminated.

[0156]  According to the processing shown in FIG. 14 an@.F15, when the
transition conditions from the independent disptagde to the mirror display mode (the
above-described conditions (1) to (2)) are satisfiethe independent display mode, the
mode switch command is generated and can be pvaéhe display control section
110. In addition, the drag or the flick in the dowlirection in the above-described
condition (1) is not limited to the drag or thecKifrom the upper end of the screen of the
lower display 4. This is because, as describedealoth reference to FIG. 7 to FIG.
8C, the louver-door model is a mental model in \wiite louver-door covers the entire
mirror display mode image and the louver door carldwered from any position (see
FIG. 8C). In this way, the user's recognitiontad touver-door model can be promoted.
Note that, in the case of the roll-up-curtain modke drag or the flick in the down
direction on the touch panel 5 in the above-desdritondition (1) is limited to the drag
or the flick in the down direction from the upperdeof the screen of the lower display 4.
This is because, as described above with refereac&lG. 9 to FIG. 10C, the

roll-up-curtain model is a mental model in whicle ttoll curtain is laid out in the screen
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by pulling down the lower edge of the roll curtdfor example, the image of the string
hung from the lower edge).

[0157] Each of FIG. 16 and FIG. 17 is a schematic flowcb&one example of
processing that is executed by the display cordestion 110 of the control unit 10.
FIG. 16 and FIG. 17 show processing that is codpdravith the above-described
processing in FIG. 12 to FIG. 15. The processhayws in FIG. 16 is executed in every
specified cycle while the ignition switch is onrfexample. As described above, the
specified cycle corresponds to the frame cycldeflower display 4.

[0158] In step S1600, the display control section 110 rdatees whether the
current processing is initial processing afterigration switch is on. If a determination
result is "YES", the process proceeds to step S16A2herwise, the process proceeds to
step S1606.

[0159] In step S1602, the display control section 110 Sedsdisplay mode to
the independent display mode.

[0160] In step S1604, the display control section 110 wistphe home image
that is related to the independent display modeéranto the lower display 4.

[0161] In step S1606, the display control section 110 rdetees whether the
input from the input reception processing sectid4 is present. If a determination
result is "YES", the processing proceeds to stef081 Otherwise, the processing
proceeds to step S1640.

[0162] In step S1608, the display control section 110 rdetees whether the
input from the input reception processing sectidd is the mode recovery command.
If the determination result is "YES", the processceeds to step S1614. Otherwise, the
process proceeds to step S1610.

[0163] In step S1610, the display control section 110 rdatees whether the
input from the input reception processing sectiéd s the mode switch command. If
the determination result is "YES", the process peuls to step S1612. Otherwise, the

process proceeds to step S1630.
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[0164] In step S1612, the display control section 110 rdetees whether the
current display mode is the mirror display mode. thé determination result is "YES",
the process proceeds to step S1614. Otherwiseigthithe current display mode is the
independent display mode), the process proceestepoS1620.

[0165] In step S1614, the display control section 110 ete=cthe automatic
animation processing that precedes switching fréve mirror display mode to the
independent display mode on the basis of the viigoal of the independent display
mode image to be output after switching of the ldigpnode and the video signal of the
current upper image (the video signal obtained ftbe multimedia system 2). The
automatic animation processing that precedes swgdinom the mirror display mode to
the independent display mode is as described above.

[0166] For example, the display control section 110 gemer¢he louver-door
image 920 on the basis of the independent displagemimage to be output after
switching of the display mode, and generates tineposite image from said louver-door
image 920 and the image based on the video sidgmained from the multimedia system
2. Note that the independent display mode imagbetmutput after switching of the
display mode is determined as follows in accordamitle an attribute of the input from
the input reception processing section 114. Indhse of the mode switch command
and the mode recovery command, the independenagispde image to be output after
switching of the display mode may be the home imaigthe most recent independent
display mode image. Meanwhile, in the case ofdisplay change command based on
the operation signal from the mechanical switchugr® (the vehicle control system
switch or the top switch), the independent disptagde image to be output after
switching of the display mode is determined in adaoce with said display change
command. For example, in the case of the modeckswibmmand based on the
operation signal of the top switch, the independisplay mode image to be output after
switching of the display mode is the home imagehe Tisplay control section 110
increases the louver-door image 920 in the compasiage by a specified lift amount in

every frame cycle, and completes the automatic atndm processing when the lower
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image becomes the independent display mode imabe twtput after switching of the
display mode.

[0167] In step S1616, the display control section 110 rddtees whether the
automatic animation processing is completed. dfdbtermination result is "YES", the
process proceeds to step S1618. Otherwise, theegsaeturns to step S1614 in the
next processing cycle (that is, the automatic ationgrocessing continues).

[0168] In step S1618, the display control section 110 @dtanges) the display
mode to the independent display mode.

[0169] In step S1620, the display control section 110 ete=cthe automatic
animation processing that precedes switching frloeimdependent display mode to the
mirror display mode on the basis of the video digredated to the most recent
independent display mode image and the video sigh#the current upper image (the
video signal obtained from the multimedia system 2Yhe automatic animation
processing that precedes switching from the indé@enndisplay mode to the mirror
display mode is as described above.

[017Q] For example, the display control section 110 gdrer¢he louver-door
image 920 on the basis of the video signal reladgtie most recent independent display
mode image, and generates the composite image gaidnlouver-door image 920 and
the image based on the video signal obtained froen nhultimedia system 2. The
display control section 110 lowers the louver-dmoage 920 in the composite image by
the specified lowering amount in every frame cyeled completes the automatic
animation processing when the lower image becohemirror display mode image.

[017]] In step S1622, the display control section 110 rdatees whether the
automatic animation processing is completed. ¢fegermination result is "YES", the
process proceeds to step S1624. Otherwise, thmeggaeturns to step S1620 in the
next processing cycle (that is, the automatic ationgrocessing continues).

[0172] In step S1624, the display control section 110 g&#tanges) the display

mode to the mirror display mode.
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[0173] In step S1630, the display control section 110 rdetees whether the
input from the input reception processing sectidd s either one of the display change
command associated with the defined portion andligi@day change command related to
the operation signal of the mechanical switch gr@up If a determination result is
"YES", the process proceeds to step S1631. Otherwthe process proceeds to
"drawing ¢ the animation processing related to the drag/iek"f which will be
described below with reference to FIG. 17.

[0174] In step S1631, the display control section 110 rdatees whether the
input from the input reception processing sectidd is the display change command
related to the operation signal of either one ef\khicle control system switch and the
top switch. If a determination result is "YES"etlprocess proceeds to step S1632.
Otherwise, the process proceeds to step S1633.

[0175] In step S1632, the display control section 110 rdatees whether the
current display mode is the mirror display modef. a tletermination result is "YES", the
process proceeds to step S1614. Otherwise (thdttiee current display mode is the
independent display mode), the process proceestepoS1633.

[0176] In step S1633, the display control section 110 wistphe independent
display mode image based on the processing reshith corresponds to the display
change command, onto the lower display 4.

[0177] In step S1640, the display control section 110 rdatees whether the
current display mode is the mirror display modef. a tletermination result is "YES", the
process proceeds to step S1642. If the deterrmmatesult is "NO", the process
proceeds to step S1650.

[0178] In step S1642, the display control section 110 wtstphe mirror display
mode image onto the lower display 4 on the basih®fvideo signal obtained from the
multimedia system 2.

[0179] In step S1650, the display control section 110 wistphe independent

display mode image on the basis of the video signtile last processing cycle (the video
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signal related to the independent display mode @pagin this way, the independent
display mode image is maintained without being gealn

[0180] FIG. 17 is a schematic flowchart of one examplehef drawinge the
animation processing related to the flick/the draljote that the processing shown in
FIG. 17 is executed if the determination resulsiep S1630 of FIG. 16 is "NO". The
processing shown in FIG. 17 includes a loop thatxiscuted in every processing cycle.
When step S1714, step S1728, or step S1734 isnateai, the processing returns to that
from step S1600 of FIG. 16 in the next processiyajec

[0181] In step S1700, the display control section 110 rdatees whether the
input from the input reception processing sectidd is either one of the louver-door
lowering amount and the louver-door lift amountf aldetermination result is "YES",
the process proceeds to step S1702. Otherwise igh# the input from the input
reception processing section 114 is neither theedodoor lowering amount nor the
louver-door lift amount), the process proceedddp §1710.

[0182] In step S1702, the display control section 110 wistghe composite
image, in which the louver-door image 920 (FIG. 8B)lifted or lowered by the
louver-door lift amount or the louver-door loweriagnount, onto the lower display 4.
Note that the louver-door image 920 is generatetherbasis of the video signal related
to the most recent independent display mode imagkis also applied to the other
louver-door image 920 in the following descriptiof FIG. 17. The finger-linked
animation processing is realized when step S170ésuted in accordance with the
louver-door lift amount or the louver-door lowerirmgnount that is changed over the
plural processing cycles.

[0183] In step S1710, the display control section 110 rdetees whether the
input from the input reception processing sectidd is either one of the louver-door
lowering command and the louver-door lift commandf. a determination result is
"YES", the processing proceeds to step S1712. r@ibe (that is, the input from the
input reception processing section 114 is neitherlouver-door lowering command nor

the louver-door lift command), the process procaedsep S1720.
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[0184] In step S1712, the display control section 110 ete=cthe animation
processing (hereinafter, referred to as the "céatt@h-time animation processing” for
distinction from the automatic animation processamyd the finger-linked animation
processing) to set the mirror display mode imagg ihobtained by completely lowering
the louver-door image 920 (FIG. 8B) or the indemanddisplay mode image that is
obtained by completely lifting the louver-door ineag20 in response to the louver-door
lowering command or the louver-door lift commandaatarget image and lower or lift
the louver-door image 920 by the specified lowewngount or the specified lift amount
in every frame cycle toward said target image.

[0185] In step S1714, the display control section 110 rddtees whether the
cancellation-time animation processing is compldtbdt is, whether the lower image
has become the mirror display mode image or thepaddent display mode image). |If
the determination result is "YES", the processimd-iG. 17 is terminated. Otherwise,
the processing returns to step S1712 in the nemrtessing cycle (that is, the
cancellation-time animation processing continues).

[0186] In step S1720, the display control section 110 rdatees whether the
input from the input reception processing sectib#4 & the mode switch command. If a
determination result is "YES", the process proceedstep S1722. Otherwise, the
process returns to step S1700 in the next proagssirie.

[0187] In step S1722, the display control section 110 rdatees whether the
current display mode is the mirror display modef. a tletermination result is "YES", the
process proceeds to step S1724. Otherwise (thdtte current display mode is the
independent display mode), the process proceestepoS1730.

[0188] In step S1724, the display control section 110 ete=cthe automatic
animation processing to lift the louver-door im&@#0 in the composite image by the
specified lift amount in every frame cycle.

[0189] In step S1726, the display control section 110 rdetees whether the
automatic animation processing is completed (tsatwhether the lower image has

become the independent display mode image). Ktarchination result is "YES", the
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process proceeds to step S1728. Otherwise, theegsaeturns to step S1724 in the
next processing cycle (that is, the automatic ationgrocessing continues).

[0190] In step S1728, the display control section 110 @dtanges) the display
mode to the independent display mode. Once theepsoin step S1728 is terminated,
the processing in FIG. 17 is terminated.

[019]] In step S1730, the display control section 110 ete=cthe automatic
animation processing to lower the louver-door im@ge in the composite image by the
specified lowering amount in every frame cycle.

[0192] In step S1732, the display control section 110 rdatees whether the
automatic animation processing is completed (tBatwhether the lower image has
become the mirror display mode image).

[0193] In step S1734, the display control section 110 g&#tanges) the display
mode to the mirror display mode. Once the protesstep S1734 is terminated, the
processing in FIG. 17 is terminated.

[0194]  According to the processing shown in FIG. 12 to.F1@, on the basis of
the mode switching input by the user and the palgicnon-operational state, switching
of the display mode can be realized through theraatic animation processing based on
the louver-door model. In addition, according e fprocessing shown in FIG. 12 to
FIG. 17, in the case where the input that can leeflibk or the drag satisfying the
transition condition is detected, at a stage ptiormaking such a determination
(confirmation) that said input is the flick or tkheag satisfying the transition condition,
the finger-linked animation processing can be etextwo lift or lower the louver-door
image 920 in accordance with the finger positiorthat time point. In this way, the
louver-door image 920 moves in an interlocking neanwith the finger movement.
Thus, an effect obtained by the animation procesgiior example, an effect of
facilitating understanding of the layer relationgidan further be enhanced. In this case,
when it is determined as a result that said inpurtat the flick or the drag satisfying the
transition condition, the louver-door image 920r@surned to an original state (a state

where switching of the display mode is not real)zég the louver-door lowering
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command or the louver-door lift command. In thisyafter starting the drag (and after
the louver-door image 920 starts appearing alorgyethith), the user can cancel
unintended switching of the display mode by relegdnis/her finger while the drag

amount is less than the prescribed value Td.

[0195] In addition, according to the processing shown iG.FL2 to FIG. 17,
when the drag amount is equal to or larger tharptbecribed value Td, the mode switch
command is generated at the same time as theigdgetr and the louver-door image 920
is drawn out of the screen by the automatic anmnagirocessing. Thus, the user can
make the predetermined touch input without draggigscreen of the lower display 4
from the upper end to the lower end thereof or frive lower end to the upper end
thereof.

[0196] Note that, in the processing shown in FIG. 12 tG.F17, in order to
facilitate understanding of an interrelation betweke louver-door image 920 and the
finger position, the louver-door lowering amounttbe louver-door lift amount that is
equal to the difference in the y-direction betwd@ncurrent touch position and the touch
start position is computed. However, the louveosrddowering amount or the
louver-door lift amount may be computed by multipty said difference by a specified
ratio that is larger than 1. In this case, the ensditch command is generated on the
basis of the drag (the mode switching input), frarhich the louver-door lowering
amount or the louver-door lift amount equal to amgker than the prescribed value Td is
computed, for example. Also, in this case, tha ga@ make the predetermined touch
input without dragging the screen of the lower ligpt from the upper end to the lower
end thereof or from the lower end to the uppertbrdeof.

[0197] The detailed description has been made so far ah ed the
embodiments. However, the invention is not limitedl any of the particular
embodiments, and various changes or modificatiansbe made thereto within the scope
described in the present specification. In addjtian entirety or a plurality of the

components in the above-described embodimentseanrnbined.
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[0198] For example, in the above-described embodiment,niveor display
mode image has the same (mirrored) external appeas the upper image. Thus, the
functions associated with the mirror display modege (the functions related to the
upper image) each have the same concept as edbh fifnctions related to the mirror
display mode image. However, the external appearar the mirror display mode
image does not have to be completely the sameaatithe upper image and may be
substantially the same as that of the upper imagéis is because when the external
appearance is substantially the same, in the nmdisplay mode, the user does not mix up
realization of the functions related to the mirdisplay mode image with realization of
the functions related to the upper image. An iddahaving the same external
appearance permits a slight difference of the aateappearance, and the idea of having
the same external appearance indicates such antdbpe main sections of the image
have the same external appearance. Accordinglghawn in FIG. 18, for example,
such a difference that a pointer display 50 isemesr absent may be accepted. More
specifically, while the pointer display 50 is drawnthe upper image (the image output
onto the upper display 3) shown in FIG. 18, sugoiater display 50 is not drawn in the
mirror display mode image (the image output on®ldwer display 4) shown in FIG. 18.
In addition, the above slight difference may behsadifference that a cursor display (not
shown) highlighting the operation item display irs@lected state is present or absent,
instead of the pointer display 50. Furthermore,dbove slight difference may be such
a difference that the operation item display isspre or absent as shown in FIG. 19, for
example. More specifically, while the operatiognit displays 501 to 507 are not drawn
in the upper image shown in FIG. 19, the operatiem displays 501 to 507 are drawn in
the mirror display mode image shown in FIG. 19. teNthat the pointer display 50 as
shown in FIG. 18 is also drawn in the upper image-iG. 19; however, these two
combined differences also fall within the scopetltd "same external appearance” as
described above.

[0199] In the above-described embodiment, the display robrgection 110

executes the animation processing as the prefexaohple. However, the invention is
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not limited thereto. That is, the display contseiction 110 may complete switching
between the independent display mode image andhitmer display mode image in the
one frame cycle.

[0200] In the above-described embodiment, the upper imaghtides the
various images used for the operation of the meltiim system 2. However, the
invention is not limited thereto. For example, tygper image may only include the
navigation image. In this case, of the variousgesaused for the operation of the
multimedia system 2, the image related to the addioce and the like may be included
in the independent display mode image.

[0201] In the above-described embodiment, the upper imaghtides the
various images used for the operation of the meltiim system 2. However, the
invention is not limited thereto. For example, tigper image may further include an
image used for an operation of a device other tharmultimedia system 2 and the like.
For example, the upper image may further includie@iof a rear camera (not shown).
Note that the video of the rear camera is outpattahe of assisting parking, for example,
and can function as the GUI for setting of a tapgeking position and the like.

[0202] In the above-described embodiment, the upper displand the lower
display 4 are the on-board displays. However, @aneach of the upper display 3 and
the lower display 4 may be realized by a displayaofiser terminal (for example, a
smartphone, a tablet, or the like) that is brougtt and mounted on the vehicle. In this
case, communication between the display of theasneach of the upper display 3 and
the lower display 4, which is brought into the \déj and the control unit 10 may be
realized via a wireless transceiver section (foareple, a Bluetooth communication
section) additively provided in the control unit @Omay be realized by wired connection.
Note that, when the upper display 3 is broughthe, upper display 3 is attached to the
top of the instrument panel via an attachmentef@mple. Meanwhile, when the lower
display 4 is brought in, the lower display 4 ischby a cradle that is mounted on a front
surface of the instrument panel, for example. hls tase, the attachment or the cradle is

provided at a position where the upper displayl8dated higher than the lower display 4
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in the up-down direction of the vehicle and thatfas from the driver's seat. For

example, in a modified example in which the uppsepldy 3 is of an on-board type and
the lower display 4 as the user terminal is brouigid the vehicle, the operating

apparatus for the vehicle that does not includdawer display 4 (an operating apparatus
for the vehicle with such a configuration that tbever display 4 is not provided in the

above-described operating apparatus 1 for the @hiooperates with said user terminal
and realizes the same functions as the above-tledcoperating apparatus 1 for the
vehicle when said user terminal is brought intouékicle.

[0203] In the above-described embodiment, the mechaniwitls group 6 is
provided. However, the mechanical switch groupay mot be provided. In addition,
instead of or in addition to the mechanical swigcbup 6, another type of a switch that
has an independent function as similar to the nmechhswitch group 6 (a switch of a
type other than the contact type that has a movelelment) may be provided. The
other type of the switch may be a switch of a pressensitive film type or an
electrostatic detection touch type, for example.

[0204] In the above-described embodiment, the predetednioech input as
the one example of the mode switching input dogsnabude the operation input that is
associated with the defined portion. However, ddigon to the above-described
specified defined portion, one or each of the imahglent display mode and the mirror
display mode image may have a mode switch defirtom (a portion with which a
display mode switch function is associated as atfan that is not the above-described
predetermined function). In this case, mode swajo@ration input (for example, the tap
or the like) is associated with the mode switchraaf portion. In this case, the mode
switching input includes the mode switch operatiguut that is associated with the mode
switch defined portion. Note that, when the mirdisplay mode image has the mode
switch defined portion, for example, the displaynttol section 110 can generate the
mirror display mode image with the operation iterspthy related to the mode switch
defined portion by superimposing the operation igisplay related to the mode switch

defined portion on the image based on the videnasifom the multimedia system 2.
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In this case, the upper image does not have thesope item display related to the mode
switch defined portion. However, such a differeffitee difference between the upper
image and the mirror display mode image) falls imitthe scope of the "same external
appearance" as described above.

[0205] In the above-described embodiment, the transitmmditions as shown
in FIG. 5 are used as the one example. Howevaer, ttAnsition conditions can
appropriately be modified. For example, the caadi{11) may not be provided.

[0206] In the above-described embodiment, the multimegisiesn 2 and the
control unit 10 are separately provided, and tlspldy control section 110 and the input
reception processing section 114 are realized byctntrol unit 10. However, the
invention is not limited thereto. For example tioé GUI information shown in FIG. 6,
information on the mirror display mode image maysb®ed as information on the upper
image in the multimedia system 2 side, and theiquaar function processing related to
the mirror display mode image as a part of the tioncof the input reception processing
section 114 may be realized by computer processitige multimedia system 2. In this
case, in the mirror display mode, the computeha rhultimedia system 2 executes the
particular function processing related to the mmiiisplay mode image on the basis of
the detection signal from the touch panel 5 andrif@mation on the upper image of the

GUI information.
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CLAIMS:

1. An operating apparatus for a vehicle charazddrby comprising:
a first display (4) having a touch panel (5) anaunted on the vehicle;
a second display (3) arranged at a position hitiear the first display (4) and away
from a driver’s seat of the vehicle compared tofitst display (4);
a second display control section (2) configureautput a second image onto the
second display (3);
a first display control section (110) configured t
output a first image onto the first display (4)
switch between in a first mode and in a seconderiased on mode switching
input from a user,
output a first mode image independent of the m&dmage, as the first image,
when the first display control section (110) ighe first mode,
output a second mode image, as the first image,second mode image
having the same external appearance as the sewage,i when the first display control
section (110) is in the second mode; and
an input reception processing section (114) conéig to execute, when the first
display control section (110) is in the first moddjrst predetermined function related to
the first mode image, based on operation inputhentouch panel (5), and to execute,
when the first display control section (110) is the second mode, a second
predetermined function related to the second intagbe second mode image, based on

the operation input on the touch panel (5).

2. The operating apparatus for the vehicle acogrth claim 1, wherein

the mode switching input includes predeterminguiiron the touch panel (5).

3. The operating apparatus for the vehicle acogrth claim 1 or 2, wherein

the first display control section (110) is configd to execute animation processing,
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the animation processing including continuous ougha composite image in which one
of the first mode image and the second mode imagariially hidden by the other, over
plural frame cycles, the animation processing iditlg first animation processing, the
first animation processing being executed prioswditching between the first mode and
the second mode, and wherein

along with a lapse of time from a time point atieththe first animation processing
is started, the first display control section (1i€)configured to realize one of (i)
changing the composite image over the plural fraozyeles and then outputting the
second mode image with gradually reducing a dispage of the first mode image and
gradually displaying the second mode image whenfitke mode image is displayed
before the first display control section (110)vwgteshed between in the first mode and in
the second mode, and (ii) changing the composiégéver the plural frame cycles and
then outputting the first mode image with graduakyucing a display range of the
second mode image and gradually displaying therficde image when the second mode
image is displayed before the first display congettion (110) is switched between in

the first mode and in the second mode.

4. The operating apparatus for the vehicle acogrth claim 2, wherein

the predetermined input includes: first input anpanied with finger movement in
a first direction; and second input accompaniech wihger movement in a reverse
direction from the first direction,

the first input causes switching from the firstdaoto the second mode, and the
second input causes switching from the second rtotlee first mode,

the first display control section (110) is configd to execute animation processing
to continuously output a composite image over plireane cycles, the composite image
having: a part of the first mode image in the fagection from a boundary extending
perpendicularly to the first direction; and a pafrthe second mode image in the reverse
direction from the boundary, the boundary beingr@ncomposite image, and

the animation processing includes second animapi@mtessing to change the
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composite image, over the plural frame cycles, nnaapect that the boundary in the
composite image moves in the first direction or teeerse direction in an interlocking
manner with the finger movement in the first direator with the finger movement in the

reverse direction, on the touch panel (5).

5. The operating apparatus for the vehicle acogrth claim 3 or 4, wherein

the animation processing is based on: a door madelshutter model in which the
first mode image makes translational movement,iwighscreen of the first display (4) or
out of the screen, while adopting an first aspéa door or a shutter, the first aspect at
least covering a part of the second mode image; rotl-up-curtain model in which the
second mode image is expanded within the scresslled up to the outside of the screen,
while adopting an second aspect of a roll curtdie, second aspect at least covering a

part of the first mode image.

6. The operating apparatus for the vehicle acogrdd any one of claims 1 to 5,
wherein

the first display control section (110) is configd to switch from the second mode
to the first mode, when the first display contretson (110) is in the second mode and
the operation input is not made on the second nmodge for a predetermined time or

longer.

7. The operating apparatus for the vehicle acogrtéd any one of claims 1 to 6,
wherein
the first display control section (110) is configd to generate the second mode

image based on a video signal generated by thexdalisplay control section (2).

8. The operating apparatus for the vehicle acogrdd any one of claims 1 to 7,
wherein

the second display (3) does not have a touch panel



60

9. The operating apparatus for the vehicle acogrth claim 4, wherein
the first direction is an up direction or a dowinedtion in a vehicle up-down

direction of the vehicle.

10. The operating apparatus for the vehicle acegra claim 1, wherein

the second image includes a navigation image.



