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(54) VEHICLE-MOUNTED MULTIMEDIA DEVICE

(57) An on-vehicle multimedia device to be operated
by software 16 including an application module group
18 having a plurality of application modules 19 that re-
alizes their respective different functions and an appli-

cation control module 17 for controlling each of the ap-
plication modules 19, characterized by the device com-
prising external hardware which inputs and outputs data
to be processed by the software.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an on-vehicle
multimedia device that executes navigation service, hy-
pertext browsing, digital audio playback and so on, and
that displays a screen for them.

BACK GROUND ART

[0002] Fig. 1 is a block diagram to illustrate a software
configuration of a conventional on-vehicle multimedia
device.
[0003] In Fig. 1, reference numeral 110 denotes an
application program layer comprising the following: an
application program group 111; a user interface 112 that
receives an operation from the user, and issues a com-
mand for changing a screen and a command for oper-
ating an application; a DB dependent portion 113 for ac-
commodating a difference in platform data format and a
difference in map disk data format; and an event queue
114 which is provided in order not to unexpectedly leave
an event from an external device unprocessed. Refer-
ence numeral 120 denotes a library layer that includes
a platform dependent portion 121 for accommodating a
difference in hardware; reference numeral 130 denotes
an OS kernel layer for scheduling a process and a de-
vice; reference numeral 140 denotes a device driver lay-
er for operating hardware and peripheral equipment;
and reference numeral 150 denotes hardware and pe-
ripheral equipment.
[0004] In the next place, the operation will be de-
scribed.
[0005] An operation event such as remote control in-
put from the outside is accepted by the device driver lay-
er 140, and is then passed through the OS kernel layer
130. After that, the operation event is saved in the event
queue 114. The operation event saved in the event
queue 114 is converted into an operation command in-
side the user interface 112, and is then executed by the
application program group 111. In this case, if the exe-
cution is accompanied by a change on a screen, the ap-
plication program group 111 issues a drawing command
to the user interface 112, and thereby drawings and an
update of the screen are performed.
[0006] Subsequently, a process configuration will be
described.
[0007] The conventional on-vehicle multimedia de-
vice operates by means of one process multithreading.
A module requiring parallel operation operates by an-
other thread that is different from a main thread including
the user interface.
[0008] As described above, the conventional on-vehi-
cle multimedia device operates by a single process.
Therefore, there are the following problems: if a new
function is added to the on-vehicle multimedia device,
the whole of which has become large, it is necessary to

modify and recompile the whole, resulting in difficulty in
adding a new function, which leads to lower working ef-
ficiency of compilation and debugging.
[0009] In addition, in order to solve the problems, if
multiprocessing is merely used and a shell which con-
trols only starting and ending of each process is adopt-
ed, only focus change of each application screen can
be controlled. Therefore, an operation command is
passed to only a focused application, with the result that
the operation command is not passed to other applica-
tions, thereby it produces a malfunction.
[0010] The present invention has been made in order
to solve the above described problems, and an object
of this invention is to improve working efficiency of com-
pilation and debugging by dividing each application
function into separate processes to make it possible to
add a new function easily even if the whole on-vehicle
multimedia device becomes large.
[0011] Another object of this invention is to allow an
application control module to manage input and output
so as to add easily an application module on a function
basis without performing a special event processing for
each application module, thereby improving efficiency
of development of the on-vehicle multimedia device.
[0012] Moreover, other object of this invention is to
gather functions common to all applications into a com-
mon library, and use this, thereby decreasing the size
of each module, and improving working efficiency when
developing and debugging a common function.
[0013] Still further, other object of the present inven-
tion is to make it possible to add and replace a module
freely if the module is an application control module hav-
ing a common communication interface, or if the module
is an application module having a common communica-
tion interface.

DISCLOSURE OF INVENTION

[0014] An on-vehicle multimedia device according to
the present invention is configured to be operated by
software including an application module group having
a plurality of application modules that realizes their re-
spective different functions, and an application control
module for controlling each of the application modules,
wherein said device comprising external hardware
which inputs and outputs data to be processed by the
software.
[0015] With this configuration, the application control
module and the application modules can be developed
and tested independently, which produces the following
effects: working efficiency of compilation and debugging
can be improved; and a new function of the on-vehicle
multimedia device can be added easily.
[0016] The on-vehicle multimedia device according to
the present invention is characterized in that each of the
application control module and the application module
operate in a protected separate process space.
[0017] This produces the following effects: data are
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not destroyed by other modules during operation;
names of variables, functions and so on in source codes
can be overlapped with those used in other modules;
each module can be developed and tested easily; and
a new function of the on-vehicle multimedia device can
be added easily.
[0018] The on-vehicle multimedia device according to
the present invention is characterized in that the appli-
cation module group includes, as one of the application
modules, an external input/output control module for in-
putting data from and outputting data to the external
hardware.
[0019] With this configuration, it is possible to cope
with a change in specifications of the external hardware
by changing only the external input/output control mod-
ule and it produces the effects that allows the on-vehicle
multimedia device to be developed more efficiently.
[0020] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module analyzes data from the external
hardware, and then delivers the data to an application
module or an application control module corresponding
to the result of the analysis.
[0021] This produces the following effects: even if a
change of the external hardware is happened, it is pos-
sible to cope with the change by changing only the ap-
plication control module; the application module can be
developed without being conscious of specifications of
the external hardware; and efficiency of compilation and
debugging can be improved.
[0022] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module controls starting and ending of
each application module.
[0023] This produces the following effects: the appli-
cation module is not executed unnecessarily, which
avoids wasteful utilization of resources during operation
of the on-vehicle multimedia device.
[0024] The on-vehicle multimedia device according to
the present invention is configured to include a voice
recognition portion for analyzing audio data input into
the external hardware.
[0025] As a result, it produces an effect that audio da-
ta can be exchanged between the on-vehicle multime-
dia device and a user.
[0026] The on-vehicle multimedia device according to
the present invention is configured to include a text
speaking portion which analyzes text data from the ap-
plication module to read the analyzed text data aloud by
the external hardware.
[0027] As a result, it produces an effect that audio da-
ta can be exchanged between the on-vehicle multime-
dia device and a user.
[0028] In the on-vehicle multimedia device according
to the present invention, the application control module
is configured to include a state transition detecting por-
tion for detecting state transition of the application mod-
ule, and when receiving data used for the application

module, the application control module detects a com-
mand acceptable state of the application module using
the state transition detecting portion and then delivers
the data.
[0029] This produces the following effects: it is possi-
ble to develop the application module with a smaller
amount of labor, which enables improvement in efficien-
cy of compilation and debugging.
[0030] In the on-vehicle multimedia device according
to the present invention, the application control module
is configured to include a state transition detecting por-
tion for detecting state transition of the application mod-
ule; a command interpreting portion for interpreting input
data; and a command converting portion that converts
the data which has been interpreted by the command
interpreting portion into data used for the corresponding
application module before transmitting the converted
data.
[0031] With this configuration, the following effects
are produced: the application module can be developed
without being conscious of correspondence of input da-
ta with operation of the application module, which ena-
bles to compile and debug the application module more
efficiently; and even if specifications of the external
hardware have been changed, it is possible to cope with
the change by changing only the application control
module.
[0032] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module judges whether or not the appli-
cation module is started, and starts the application mod-
ule before delivering data.
[0033] As a result, the following effects are produced:
the application module can be developed without being
conscious of whether or not data are required; and be-
cause existence of the application module is judged be-
fore data are transmitted, unnecessary command data
are not transmitted during operation of the on-vehicle
multimedia device.
[0034] In the on-vehicle multimedia device according
to the present invention, the application control module
is configured to include a communication interface por-
tion for communicating with each application module;
and an application control module application portion in
which a function of the application control module is re-
alized.
[0035] Accordingly, if a function of the application con-
trol module is changed, it is possible to cope with the
change by changing only the application control module
application portion, enabling to develop the on-vehicle
multimedia device more efficiently, which are produced
effects of the present invention.
[0036] In the on-vehicle multimedia device according
to the present invention, the application module is con-
figured to include a communication interface portion for
communicating with the application control module or
each of the other application modules; and an applica-
tion module application portion that makes the applica-
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tion modules execute respective individual functions.
[0037] Accordingly, even if new function is added to
the application module, it is possible to cope with the
addition by changing only the application module appli-
cation portion, enabling to develop the on-vehicle mul-
timedia device more efficiently, which are produced ef-
fects.
[0038] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module and the application module in-
clude, in common, a common communication interface
portion for mutual communication.
[0039] This enables to add a new application module
to the on-vehicle multimedia device easily, which is a
produced effect.
[0040] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module reads an application module,
which is a target of read command data, into a main
memory.
[0041] As a result, new function of the on-vehicle mul-
timedia device can be added easily, which is a produced
effect.
[0042] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module deletes the application module,
which is a target of delete command data, from the main
memory.
[0043] As a result, a function of the on-vehicle multi-
media device can be deleted easily, which is a produced
effect.
[0044] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation module saves an internal state and data of the
application module before they are deleted by the appli-
cation control module.
[0045] This produces the following effects: the appli-
cation module can be initialized earlier at the time of the
next starting; and the application module can be started
from the last ending state.
[0046] The on-vehicle multimedia device according to
the present invention is configured to include an appli-
cation replacing portion for reading an application mod-
ule as a target of read command data into the main
memory, or for deleting an application module as a tar-
get of delete command data from the main memory.
[0047] Accordingly, the following effects are pro-
duced: a function of the on-vehicle multimedia device
can be added or deleted easily; a load of the application
control module can be reduced; and a memory resource
and an I/O resource can be saved.
[0048] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module and the application module oper-
ate in parallel.
[0049] Accordingly, each module can be independ-
ently developed easily, enabling improvement in effi-
ciency of development of the on-vehicle multimedia de-

vice, which are produced effects.
[0050] The on-vehicle multimedia device according to
the present invention is configured to include a library
group constituted of a plurality of libraries, each of which
realizes a plurality of functions common to the applica-
tion control module and all of the application modules;
and wherein the application control module and each of
the application modules read library from the library
group.
[0051] Accordingly, the following effects are pro-
duced: the quantity of developed codes of the applica-
tion module can be reduced, which enables to develop
the on-vehicle multimedia device more efficiently; and
working efficiency of development and debugging of the
common functions can be improved.
[0052] The on-vehicle multimedia device according to
the present invention is characterized by that the library
group has an interface which is common to all libraries.
[0053] Accordingly, the application control module
and each application module can read a library using
the same steps, which is a produced effect.
[0054] The on-vehicle multimedia device according to
the present invention is characterized by that the exter-
nal input/output control module includes an external in-
put/output library for controlling data input from and out-
put to the external hardware.
[0055] Accordingly, a load of the application control
module can be reduced, which is a produced effect.
[0056] The on-vehicle multimedia device according to
the present invention is characterized by that each of
the application modules includes: a drawing library for
performing drawing on the external hardware; and an
external input/output library for controlling data input
from and output to the external hardware.
[0057] Accordingly, a load of the application control
module can be reduced, which is a produced effect.
[0058] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation module group includes, as one of the application
modules, a library group constituted of a plurality of li-
braries, each of which realizes a plurality of functions
common to the application control module and all of the
application modules.
[0059] Accordingly, the following effects are pro-
duced: sizes of the application control module and the
application module at the time of execution can be re-
duced; and working efficiency of development and de-
bugging of the common functions can be improved.
[0060] The on-vehicle multimedia device according to
the present invention is characterized by that in the li-
brary group, the same library is simultaneously ac-
cessed by a plurality of application modules using the
same steps.
[0061] This enables a decrease in memory size and
link time, which is a produced effect.
[0062] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module includes a drawing right control
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portion having functions of, when receiving drawing
command data from the application control module or
the application module, judging whether or not drawing
is possible, and if it is judged that drawing is possible,
then performing the drawing on the external hardware.
[0063] Accordingly, as produced effects, develop-
ment of the application module becomes possible with-
out being conscious of whether or not drawing is possi-
ble, which enables to develop the on-vehicle multimedia
device more efficiently.
[0064] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module includes an audio output right
control portion having functions of, when receiving audio
output command data from the application control mod-
ule or the application module, judging whether or not au-
dio output is possible, and if it is judged that audio output
is possible, then outputting audio from the external hard-
ware.
[0065] Accordingly, as produced effects, develop-
ment of the application module becomes possible with-
out being conscious of whether or not audio output is
possible, which enables to develop the on-vehicle mul-
timedia device more efficiently.
[0066] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module includes: a state transition detect-
ing portion having functions of, when receiving drawing
right request data from the application control module
or the application module, judging whether or not the
application control module or the application module
can perform drawing, and if it is judged that drawing is
possible, issuing drawing possible notification data to
the application control module or the application mod-
ule; and a drawing library for performing drawing on the
external hardware according to the drawing command
data from the application control module or the applica-
tion module which has received the drawing possible
notification data.
[0067] Accordingly, as produced effects, develop-
ment of the application module becomes possible with-
out being conscious of whether or not drawing is possi-
ble, which enables to develop the on-vehicle multimedia
device more efficiently.
[0068] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module includes: a state transition detect-
ing portion having functions of, when receiving audio
output right request data from the application control
module or the application module, judging whether or
not the application control module or the application
module can output audio, and if it is judged that audio
output is possible, issuing audio output possible notifi-
cation data to the application control module or the ap-
plication module; and an audio output library for output-
ting audio from the external hardware according to audio
output command data from the application control mod-
ule or the application module which has received the au-

dio output possible notification data.
[0069] Accordingly, as produced effects, develop-
ment of the application module becomes possible with-
out being conscious of whether or not audio output is
possible, which enables to develop the on-vehicle mul-
timedia device more efficiently.
[0070] The on-vehicle multimedia device according to
the present invention is characterized by further com-
prising a drawing library having functions of, when re-
ceiving drawing command data from the application
control module or the application module, judging
whether or not drawing is possible, and if it is judged
that drawing is possible, performing drawing on the ex-
ternal hardware.
[0071] Accordingly, as produced effects, develop-
ment of each module becomes possible without being
conscious of whether or not drawing is possible, which
enables to develop the on-vehicle multimedia device
more efficiently.
[0072] The on-vehicle multimedia device according to
the present invention is configured to include an audio
output library having functions of, when receiving audio
output command data from the application control mod-
ule or the application module, judging whether or not au-
dio output is possible, and if it is judged that audio output
is possible, outputting audio from the external hardware.
[0073] Accordingly, as produced effects, develop-
ment of each module becomes possible without being
conscious of whether or not audio output is possible,
which enables to develop the on-vehicle multimedia de-
vice more efficiently.
[0074] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation control module includes: a drawing control por-
tion for performing drawing on the external hardware;
and a screen data portion for storing screen data re-
quired for the drawing.
[0075] Accordingly, the following effects are pro-
duced: a graphic user interface of the application control
module can be created independently from other func-
tions in the application control module, which enables
to develop the on-vehicle multimedia device more effi-
ciently.
[0076] The on-vehicle multimedia device according to
the present invention is characterized by that the appli-
cation module includes: a drawing control portion for
performing drawing on the external hardware; and a
screen data portion for storing screen data required for
the drawing.
[0077] Accordingly, the following effects are pro-
duced: a graphic user interface of the application mod-
ule can be created independently from other functions
in the application module, which enables to develop the
on-vehicle multimedia device more efficiently.

7 8



EP 1 372 070 A1

6

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF DRAWINGS

[0078]

Fig. 1 is a block diagram to illustrate a software con-
figuration of a conventional on-vehicle multimedia
device;
Fig. 2 is a block diagram to illustrate a hardware
configuration of an on-vehicle multimedia device
according to a first embodiment of the present in-
vention;
Fig. 3 is a diagram to hierarchically illustrate a con-
figuration of the on-vehicle multimedia device ac-
cording the first embodiment of the present inven-
tion;
Fig. 4 is a diagram to illustrate an operating state of
the on-vehicle multimedia device according to the
first embodiment of the present invention;
Fig. 5 is a diagram to illustrate a minimum configu-
ration of the on-vehicle multimedia device accord-
ing to the first embodiment of the present invention;
Fig. 6 is a diagram to illustrate an operation of the
on-vehicle multimedia device according to the first
embodiment of the present invention;
Fig. 7 is a diagram to illustrate a configuration ex-
ample of an on-vehicle multimedia device;
Fig. 8 is a diagram to illustrate a configuration ex-
ample of an on-vehicle multimedia device;
Fig. 9 is a diagram to illustrate a configuration ex-
ample of an on-vehicle multimedia device;
Fig. 10 is a diagram to illustrate a configuration ex-
ample of an on-vehicle multimedia device;
Fig. 11 is a diagram to illustrate a configuration ex-
ample of an on-vehicle multimedia device;
Fig. 12 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a sec-
ond embodiment of the present invention;
Fig. 13 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a
fourth embodiment of the present invention;
Fig. 14 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a fifth
embodiment of the present invention;
Fig. 15 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a
sixth embodiment of the present invention;
Fig. 16 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a sev-
enth embodiment of the present invention;
Fig. 17 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to an
eighth embodiment of the present invention;
Fig. 18 is a diagram to illustrate a configuration of
an application control module according to the
eighth embodiment;
Fig. 19 is a diagram to illustrate a configuration of
the on-vehicle multimedia device according to the
eighth embodiment of the present invention;

Fig. 20 is a diagram to illustrate a configuration of
an application module according to a ninth embod-
iment;
Fig. 21 is a diagram to illustrate a configuration of
a car navigation control module shown in the first
embodiment;
Fig. 22 is a diagram to illustrate a configuration of
an external input/output control module shown in
the first embodiment;
Fig. 23 is a diagram to illustrate a configuration of
a startup screen control module shown in the first
embodiment;
Fig. 24 is a diagram to illustrate a configuration of
a hypertext browsing module shown in the first em-
bodiment;
Fig. 25 is a diagram to illustrate a configuration of
a digital audio control module shown in the first em-
bodiment;
Fig. 26 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a
tenth embodiment of the present invention;
Fig. 27 is a diagram to illustrate a configuration of
the on-vehicle multimedia device according to the
tenth embodiment of the present invention;
Fig. 28 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to an
eleventh embodiment of the present invention;
Fig. 29 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a thir-
teenth embodiment of the present invention;
Fig. 30 is a diagram to illustrate a configuration of
the on-vehicle multimedia device according to the
thirteenth embodiment of the present invention;
Fig. 31 is a diagram to illustrate a configuration of
the on-vehicle multimedia device according to the
thirteenth embodiment of the present invention;
Fig. 32 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a
fourteenth embodiment of the present invention;
Fig. 34 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a fif-
teenth embodiment of the present invention;
Fig. 35 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a six-
teenth embodiment of the present invention;
Fig. 36 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to a sev-
enteenth embodiment of the present invention;
Fig. 37 is a diagram to illustrate a configuration of
an application control module 17 according to an
eighteenth embodiment;
Fig. 38 is a diagram to illustrate a configuration of
an on-vehicle multimedia device according to the
eighteenth embodiment of the present invention;
Fig. 39 is a diagram to illustrate a configuration of
an application module according to a nineteenth
embodiment; and
Fig. 40 is a diagram to illustrate a configuration of
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an on-vehicle multimedia device according to the
nineteenth embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0079] For the purpose of describing the present in-
vention in more detail, best modes for carrying out the
invention will be described below with reference to the
accompanying drawings.

First Embodiment

[0080] Fig. 2 is a block diagram to illustrate a hard-
ware configuration of an on-vehicle multimedia device
according to a first embodiment of the present invention.
[0081] In Fig. 2, reference numeral 1 denotes a ROM
in which programs including an application controlling
module, and an application module group described be-
low is written beforehand; 2 denotes a microprocessor
for executing the programs including the application
control module and the application module group; and
3 denotes a RAM in which data and the programs in-
cluding the application control module, and the applica-
tion module group are temporarily stored at the time of
executing the programs.
[0082] In addition, in Fig. 2, reference numeral 4 de-
notes an external storage medium in which a geograph-
ical database, and the like, are stored beforehand; 5 de-
notes an external storage drive that starts the external
storage medium 4 and reads data; and 6 denotes an
external storage interface (external storage I/F) that
sends and receives data between the external storage
drive 5 and the microprocessor 2. The external storage
medium 4 includes a DVD-ROM, a CD-ROM, a memory
card, a MD (minidisk) and the like. Besides, a hard disk
and the like are provided.
[0083] Incidentally, the programs including the appli-
cation control module and the application module group
may also be stored beforehand not in the ROM 1 but in
the external storage medium 4 in order to read these
programs from the external storage medium 4 for use.
[0084] In addition, only an external input/output con-
trol module and a library described later and the appli-
cation control module may be stored in the ROM 1, while
other application modules are stored in the external stor-
age medium 4, before these are read for use.
[0085] Moreover, in Fig. 2, reference numeral 7 de-
notes a graphic control circuit where in response to im-
age data and drawing command data from the micro-
processor 2, the image data are stored in a frame buffer
8 to draw the image data in a display 9 such as a liquid
crystal display. Reference numeral 10 denotes a user
operating portion such as a remote controller and vari-
ous switches; and 11 denotes an operating portion in-
terface (operating portion I/F) for sending and receiving
data between the user operating portion 10 and the mi-
croprocessor 2.
[0086] Further, in Fig. 2, reference numeral 12 de-

notes peripheral equipment that includes a device used
for car navigation such as a GPS receiver, a vehicle
speed pulse sensor and a gyrocompass. As the periph-
eral equipment, the following are provided: the GPS re-
ceiver for obtaining position data of an own car; the ve-
hicle speed pulse sensor for obtaining speed data of an
own car; a gyrocompass for obtaining a direction of an
own car; a speaker for outputting voice guidance and its
drive circuit; and an FM multiplex broadcasting receiver,
radio beacon/light beacon receivers, a cellular phone,
and the like, which communicate with an outside infra-
structure. Reference numeral 13 denotes a peripheral
equipment interface (peripheral equipment I/F) for send-
ing and receiving data between the peripheral equip-
ment 12 and the microprocessor 2.
[0087] Fig. 3 is a diagram hierarchically to illustrate a
configuration of the on-vehicle multimedia device ac-
cording the first embodiment of the present invention.
Configurations that are like or equivalent to those shown
in Fig. 2 are designated by the same reference numer-
als.
[0088] In Fig. 3, reference numeral 14 denotes the on-
vehicle multimedia device; 15 denotes external hard-
ware of the on-vehicle multimedia device 14; and 16 de-
notes the whole software of the on-vehicle multimedia
device 14.
[0089] The external hardware 15 is connected to the
on-vehicle multimedia device 14. A user gives digital da-
ta and command data to the software 16 using the ex-
ternal hardware 15. Data from the software 16 is output
from the external hardware 15 to the user. The external
storage drive 5, a display screen 8, the user operating
portion 10, the peripheral equipment 12 are equivalent
to the external hardware 15.
[0090] In addition, the software 16 includes an appli-
cation control module 17, and an application module
group 18 comprising a plurality of application modules
19 other than the application control module 17. Each
of the application modules 19 realizes a peculiar func-
tion by an individual process. The application modules
19 are controlled by the application control module 17,
a process of which is different from the application mod-
ules 19.
[0091] Fig. 4 is a diagram to illustrate an operating
state of the on-vehicle multimedia device according to
the first embodiment of the present invention.
[0092] Application modules 1, 2, and 3 that are des-
ignated by reference numeral 19 operate as processes
1,2, and 3, respectively. In this case, the process means
both a program and its running state. The running state
includes values of all variables, a hardware state and
an address space. The process cannot refer to address
spaces of other processes directly. Assignment of a
name when compiling a program is performed for each
process.
[0093] Fig. 5 is a diagram to illustrate a minimum con-
figuration of the on-vehicle multimedia device according
to the first embodiment of the present invention. Only
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the application control module 17 and the external input/
output control module 20 constitute the minimum con-
figuration of the on-vehicle multimedia device. The ex-
ternal input/output control module 20 is one of the ap-
plication modules 19 shown in Fig. 3. The external input/
output control module 20 receives input data from a user
by the peripheral equipment 12 of the external hardware
15, and then performs required processing. After that,
the external input/output control module 20 transmits
drawing command data to the application control mod-
ule 17, for example. The application control module 17
performs a screen display on the display 9.
[0094] Fig. 6 is a diagram to illustrate the operation of
the on-vehicle multimedia device according to the first
embodiment of the present invention. With reference to
Figs. 2 through 6, the operation of the on-vehicle multi-
media device will be described.
[0095] In Fig. 6A, to begin with, input data (input sig-
nal) including numeric data and command data, which
have been input from the user operating portion 10, is
received by the external input/output control module 20
through the operating portion interface 11. Then, the in-
put data are converted into operation command data.
The converted operation command data are transferred
from the external input/output control module 20 to the
application control module 17. The application control
module 17 analyzes the received operation command
data, and then performs processing according to the re-
sults of the analysis. It is to be noted that the input data
may also be transmitted to the control module just as it
is without being converted into operation command data
by the external input/output control module 20.
[0096] For example, when receiving drawing com-
mand data of the display 9, the application control mod-
ule 17 performs drawing on the display 9. In addition, in
the case of operation command data intended for an in-
dividual application module 19 other than this, the ap-
plication control module 17 delivers the operation com-
mand data to the individual application module 19 cor-
responding to the operation command data.
[0097] In response to a kind of the operation com-
mand data delivered by the application control module
17, the application module 19 executes various kinds of
operation (Fig. 6B).
[0098] For example, when performing drawing, the
application module 19 transmits screen operation com-
mand data to the application control module 17, and
then the application control module 17 performs screen
processing on the display 9. Moreover, when operating
another application module 19, operation command da-
ta are delivered from the application module 19 to the
application control module 17. After that, the application
control module 17 judges the appropriate application
module 19 corresponding to the operation command da-
ta, and then delivers the operation command data.
[0099] The external input/output control module 20
exchanges data with the external storage interface 6,
the operating portion interface 11, and the peripheral

equipment interface 13 to receive all data from the ex-
ternal storage drive 5, the user operating portion 10, and
the peripheral equipment 12. The input data from these
external input/output devices is converted into operation
command data, and is then transmitted to the applica-
tion control module 17.
[0100] In addition, when each application module 19
outputs data to the external storage drive 5, the user
operating portion 10, the peripheral equipment 12, or the
like, the application module 19 transmits operation com-
mand data to the external input/output control module
20 first of all. Then, the operation command data are
transmitted from the external input/output control mod-
ule 20 to the external storage drive 5, the user operating
portion 10, the peripheral equipment 12, or the like.
[0101] Examples of the application modules 19 will be
described below.

<Car Navigation Function>

[0102] Fig. 7 is a diagram to illustrate a configuration
example of the on-vehicle multimedia device 14. In Fig.
7, a car navigation control module 21 implementing a
car navigation function is added to the minimum config-
uration in Fig. 5. Configurations that are like or equiva-
lent to those shown in Fig. 5 are designated by the same
reference numerals. The car navigation control module
21 is an example of the application module 19.
[0103] The operation of the car navigation control
module 21 will be described below.
[0104] External data of GPS, gyrocompass, vehicle
speed and so on, which has been obtained from the pe-
ripheral equipment 12 by the external input/output con-
trol module 20, is temporarily transmitted to the applica-
tion control module 17. The application control module
17 analyzes the external data, and then transmits it to
a corresponding car navigation control module 21.
[0105] The car navigation control module 21 receives
the external data, and then converts the external data
into internal command data for operating a car naviga-
tion system. After that, on the basis of the internal com-
mand data, the car navigation control module 21 exe-
cutes operation of the car navigation system such as
search for route, induction, guidance, and the like.

<Startup Screen Control Function>

[0106] Fig. 8 is a diagram to illustrate a configuration
example of the on-vehicle multimedia device 14. In Fig.
8, a startup screen control module 22 implementing a
startup screen control function is added to the minimum
configuration in Fig. 5. Configurations that are like or
equivalent to those shown in Fig. 7 are designated by
the same reference numerals. The startup screen con-
trol module 22 is an example of the application module
19.
[0107] The operation of the startup screen control
module 22 will be described below.
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[0108] When the power of the on-vehicle multimedia
device 14 is turned on, each of the application modules
19 such as the application control module 17 and the
car navigation control module 21 requires time for ini-
tialization at the time of startup. Therefore, after the pow-
er on, it takes time until a startup screen of the display
9 is displayed. The startup screen control module 22
starts before initialization of the application control mod-
ule 17 and each application module 19 is completed,
and occupies the display 9 temporarily to display the
startup screen.
[0109] When the initialization of the application con-
trol module 17 and each application module 19 has been
completed, the application control module 17 manages
assignment of screen operation right of the display 9. In
a state in which another application module 19 is al-
lowed to operate, control is transferred from the startup
screen by the startup screen control module 22 to an-
other application modules 19.
[0110] Until the initialization of the application control
module 17 and each application module 19 is complet-
ed, the startup screen is controlled by the startup screen
control module 22. Therefore, it is possible to eliminate
screen display meaningless for a user of the on-vehicle
multimedia device 14. In other words, a user can be pro-
vided with some screen display during initialization,
which permits a startup screen to be utilized effectively.

<Hypertext Browsing Function>

[0111] Fig. 9 is a diagram to illustrate a configuration
example of the on-vehicle multimedia device 14. In Fig.
9, a hypertext browsing module 23 implementing a hy-
pertext browsing function is added to the minimum con-
figuration in Fig. 5. Configurations which are like or
equivalent to those shown in Fig. 5 are designated by
the same reference numerals. The hypertext browsing
module 23 is an example of the application module 19.
[0112] The operation of the hypertext browsing mod-
ule 23 will be described below.
[0113] Data input from the user operating portion 10
is received by the external input/output control module
20, and is then passed to the application control module
17. If the received data does not relate to screen oper-
ation, and if an application module 19 which is currently
in focus is the hypertext browsing module 23, the appli-
cation control module 17 delivers data to the hypertext
browsing module 23.
[0114] In addition, when command data for hypertext
browsing is received from another application module
19, the application control module 17 sends a request
for hypertext information to the external input/output
control module 20, and then displays given hypertext on
the display 9.
[0115] As a matter of course, the car navigation con-
trol module 21 in Fig. 7 or the startup screen control
module 22 in Fig. 8 may also be added to the configu-
ration shown in Fig. 9.

<Digital audio control function>

[0116] Fig. 10 is a diagram to illustrate a configuration
example of the on-vehicle multimedia device 14. In Fig.
10, a digital audio control module 24 implementing a dig-
ital audio control function is added to the minimum con-
figuration in Fig. 5. Configurations which are like or
equivalent to those shown in Fig. 5 are designated by
the same reference numerals. The digital audio control
module 24 is an example of the application module 19.
[0117] The operation of the digital audio control mod-
ule 24 will be described below.
[0118] Command data such as playback, stop, for-
ward, rewind, and music selection from another appli-
cation module 19 or the user operating portion 10 is de-
livered from the application control module 17 to the dig-
ital audio control module 24. The digital audio control
module 24 performs operations such as playback, stop,
forward, rewind, music selection in response to the de-
livered command data. Music information which is
played back by the digital audio control module 24 is
output from, for example, a speaker, which is connected
to the peripheral equipment interface 13 via the external
input/output control module 20.
[0119] As a matter of course, the car navigation con-
trol module 21 in Fig. 7, the startup screen control mod-
ule 22 in Fig. 8, or the hypertext browsing module 23 in
Fig. 9 may also be added to the configuration shown in
Fig. 10.

<Overall function>

[0120] Fig. 11 is a diagram to illustrate a configuration
example of the on-vehicle multimedia device 14. To be
more specific, all of the various functions shown in Figs.
7 through 10 are realized here; and the car navigation
control module 21, the startup screen control module 22,
the hypertext browsing module 23, and the digital audio
control module 24 are added to the minimum configura-
tion shown in Fig. 5.
[0121] In this manner, even if two or more kinds of ap-
plication modules 19 are added, data from the external
hardware 15 is exchanged with each of the application
modules 19 through the external input/output control
module 20; and the data exchange is controlled by the
application control module 17.
[0122] As described above with reference to Figs. 7
through 11, the application modules 19 which realize
various functions by their respective processes can be
added to the minimum configuration shown in Fig. 5. Be-
cause the application control module 17 and each of the
application modules 19 operate by means of multi
processing, it is possible to develop and test the appli-
cation control module 17 and each of the application
modules 19 singly when adding a new function, which
is different from the conventional methods.
[0123] As a matter of course, the functions of the ap-
plication modules 19 are not limited to the examples of
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Figs. 7 through 11. According to the use of the on-vehi-
cle multimedia device 14, various functions can be re-
alized.
[0124] As described above, according to the first em-
bodiment, the on-vehicle multimedia device 14 is de-
vised to operate by the software 16 comprising the fol-
lowing: the application module group 18 including the
plurality of application modules 19, each of which real-
izes a different function; and the application control
module 17 for controlling each of the application mod-
ules 19. In addition, the on-vehicle multimedia device
14 is configured to include the external hardware 15 for
inputting and outputting data which is processed by the
software 16. As a result, the application control module
17 and the application modules 19 can be developed
and tested singly, which produces the following effects:
working efficiency of compilation and debugging can be
improved; and a new function of the on-vehicle multime-
dia device can be added easily.
[0125] In addition, according to the first embodiment,
it is characterized by that a protected process space in
which the application control module 17 operates is sep-
arated from a protected process space in which the ap-
plication modules 19 operate. Therefore, data are not
destroyed by other modules during operation, and
names of variables, functions and so on in source codes
can be overlapped with those used in other modules,
which produced the following effects: each module can
be developed and tested easily; and a new function of
the on-vehicle multimedia device can be added easily.
[0126] In addition, according to the first embodiment,
the application module group 18 is configured to include,
as one of the application modules 19, the external input/
output control module 20 for inputting data from and out-
putting data to the external hardware 15. Accordingly, it
is possible to cope with changes in the specifications of
the external hardware 15 by changing only the external
input/output control module 20. This produces the fol-
lowing effect: the on-vehicle multimedia device 14 can
be developed more efficiently.
[0127] In addition, according to the first embodiment,
the application module group 18 is configured to include,
as one of the application modules 19, the car navigation
control module 21 which serves a car navigation func-
tion. Accordingly, the following effect is produced: a car
navigation control function can be added to the on-ve-
hicle multimedia device 14 easily.
[0128] In addition, according to the first embodiment,
the application module group 18 is configured to include,
as one of the application modules 19, the startup screen
control module 22 which controls a startup screen until
initialization of the application control module 17 and the
application modules 19 is completed. Accordingly, the
following effect is produced: some screen can be dis-
played during initialization, which enables a user to use
a startup screen effectively.
[0129] In addition, according to the first embodiment,
the application module group 18 is configured to include,

as one of the application modules 19, the hypertext
browsing module 23 which serves a hypertext browsing
function. Accordingly, the following effect is produced: a
hypertext browsing function can be added to the on-ve-
hicle multimedia device 14 easily.
[0130] In addition, according to the first embodiment,
the application module group 18 is configured to include,
as one of the application modules 19, the digital audio
control module 24 which serves a digital audio control
function. Accordingly, the following effect is produced: a
digital audio control function can be added to the on-
vehicle multimedia device 14 easily.

Second Embodiment

[0131] Fig. 12 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a sec-
ond embodiment of the present invention. Configura-
tions which are like or equivalent to those shown in Fig.
11 are designated by the same reference numerals.
[0132] In Fig. 12, reference numeral 25 denotes an
HMI device for human machine interface; for example,
a keyboard 26, a remote control portion 27, an audio
microphone 28, and a character reader 29 are illustrat-
ed. The HMI device 25 is equivalent to the user operat-
ing portion 10 of the external hardware 15.
[0133] For example, input data including a key code
and a character code, which are input from the keyboard
26, is temporarily transmitted through the external input/
output control module 20 to the application control mod-
ule 17 where the input data are analyzed. Then, the an-
alyzed data are processed in the application control
module 17, or is delivered from the application control
module 17 to the application module 19.
[0134] In addition, in a similar manner, various kinds
of input data including a key code, an audio data, and a
character code, which are input from the remote control
portion 27, the audio microphone 28, and the character
reader 29 respectively, is also temporarily transmitted
through the external input/output control module 20 to
the application control module 17 where the input data
are analyzed. Then, the analyzed data are processed
in the application control module 17, or is delivered from
the application control module 17 to the application
module 19.
[0135] In this manner, even if a difference in input for-
mat of data arises because the HMI device 25 is
changed, input data from the HMI device 25 is tempo-
rarily transmitted to the application control module 17
through the external input/output control module 20. Af-
ter that, the application control module 17 analyzes the
input data, and then delivers the analyzed data to a cor-
responding application module 19 or the application
control module 17 itself. Therefore, even if the HMI de-
vice 25 is changed, it is possible to cope with the change
by changing only the application control module 17.
[0136] As described above, according to the second
embodiment, it is characterized by that the application
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control module 17 analyzes input data from the HMI de-
vice 25 and then delivers the analyzed data to the ap-
plication module 19 or the application control module 17
itself corresponding to result of the analysis. According-
ly, the following effects are produced: even if the HMI
device 25 is changed, it is possible to cope with the
change by changing only the application control module
17; and the application modules 19 can be developed
without being conscious of specifications of the external
hardware 15 such as the HMI device 25, which enables
improvement in efficiency of compilation and debug-
ging.

Third Embodiment

[0137] In a third embodiment, a case where the appli-
cation control module 17 controls starting and ending of
the application module 19 will be described.
[0138] To begin with, how the application control mod-
ule 17 starts the application module 19 will be described.
When receiving input data, which represents a com-
mand for starting the application module 19, from a user,
the application control module 17 starts the application
module 19.
[0139] When receiving input data, which represents a
command for ending the application module 19, from a
user, the application control module 17 ends a corre-
sponding application module 19, and then records this
state in which the application module 19 is not operating.
[0140] Because the application control module 17
controls starting and ending of the application module
19, it is possible to prevent an application module 19
from being executed unnecessarily, which avoids
wasteful utilization of resources during operation of the
on-vehicle multimedia device.
[0141] As described above, according to the third em-
bodiment, it is characterized by that the application con-
trol module 17 controls starting and ending of each ap-
plication module 19. Accordingly, the following effects
are produced: the application module 19 is not executed
unnecessarily, which avoids wasteful utilization of re-
sources during operation of the on-vehicle multimedia
device.

Fourth Embodiment

[0142] Fig. 13 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a fourth
embodiment of the present invention. Configurations
which are like or equivalent to those shown in Fig. 3 are
designated by the same reference numerals.
[0143] In Fig. 13, reference numeral 30 denotes a
voice recognition portion that analyzes audio data (i.e.,
voice recognition) which has been input from the periph-
eral equipment 12 through an external input/output con-
trol module 20 (not illustrated) to utilize the analyzed da-
ta as operation command data for the application mod-
ule 19, and that analyzes the audio data to convert the

analyzed data into text. In addition, reference numeral
31 denotes a text reading portion that performs the fol-
lowing: analyzing text data transmitted from the appli-
cation module 19 to convert the analyzed text data into
audio data; and through the external input/output control
module 20 not shown, reading the audio data aloud from
a speaker or the like of the external hardware 15 to out-
put the audio data. In Fig. 13, the voice recognition por-
tion 30 and the text reading portion 31 are provided in
the application control module 17.
[0144] Providing the voice recognition portion 30 and
the text reading portion 31 enables audio data exchange
between the on-vehicle multimedia device and a user;
for example, the voice recognition portion 30 recognizes
audio data which has been input from the external hard-
ware 15 to the on-vehicle multimedia device, and then
a voice speaking module 31 outputs a voice response
from the on-vehicle multimedia device.
[0145] It is to be noted that locations of the voice rec-
ognition portion 30 and the text speaking portion 31 are
not limited to the inside of the application control module
17. The voice recognition portion 30 and the text speak-
ing portion 31 may be integrated into one application
module 19; or each of the voice recognition portion 30
and the text speaking portion 31 may also be individually
provided as a separate application module 19. In either
case, similar effects can be obtained.
[0146] As described above, according to the fourth
embodiment, the voice recognition portion 30 which an-
alyzes audio data input by the external hardware 15 is
provided. This enables audio data exchange between
the on-vehicle multimedia device and a user, which is a
produced effect.
[0147] Moreover, according to the fourth embodi-
ment, the text speaking portion 31 which analyzes text
data from the application module 19 to read the ana-
lyzed text data aloud by the external hardware 15 is pro-
vided. This enables audio data exchange between the
on-vehicle multimedia device and a user, which is a pro-
duced effect.

Fifth Embodiment

[0148] Fig. 14 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a fifth
embodiment of the present invention. Configurations
which are like or equivalent to those shown in Fig. 3 are
designated by the same reference numerals.
[0149] In Fig. 14, reference numeral 32 denotes a
state transition detecting portion which is provided in the
application control module 17. The state transition de-
tecting portion 32 has a function of detecting state tran-
sition of each application module 19.
[0150] When receiving operation command data,
which is used for the application module 19, from the
external hardware 15, the application control module 17
analyzes the received data to identify an application
module 19 for which the operation command data are
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used, and then detects a state of the identified applica-
tion module 19 using the state transition detecting por-
tion 32.
[0151] If the state transition detecting portion 32 de-
tects that the identified application module 19 is in a
command acceptable state, the application control mod-
ule 17 transmits the operation command data to this ap-
plication module 19.
[0152] On the other hand, if the state transition detect-
ing portion 32 detects that the application module 19 is
in a command unacceptable state, the application con-
trol module 17 waits until command execution becomes
possible, or cancels the operation command data.
[0153] Thus, using the state transition detecting por-
tion 32, the application control module 17 detects that
operation command data can be, or cannot be, deliv-
ered to the application module 19. Therefore, the appli-
cation module 19 can receive only necessary operation
command data while unnecessary operation command
data are eliminated. Accordingly, an application module
19 can be developed in consideration of only necessary
operation command data, which enables to develop the
application module 19 with a smaller amount of labor.
[0154] As described above, according to the fifth em-
bodiment, the application control module 17 is config-
ured to include the state transition detecting portion 32
for detecting state transition of the application module
19. In addition, it is characterized by that when the ap-
plication control module 17 receives operation com-
mand data used for the application module 19, the ap-
plication control module 17 detects a command accept-
able state of the application module 19 using the state
transition detecting portion 32 before delivering the
command data. Therefore, the following effects are pro-
duced: it is possible to develop the application module
19 with a smaller amount of labor; and efficiency of com-
pilation and debugging can be improved.

Sixth Embodiment

[0155] Fig. 15 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a sixth
embodiment of the present invention. Configurations
which are like or equivalent to those shown in Fig. 14
are designated by the same reference numerals.
[0156] The application control module 17 shown in
Fig. 15 includes the following: the state transition detect-
ing portion 32 that detects transition of a starting state
of the application module 19 and transition between a
command acceptable state and a command unaccept-
able state of the application module 19; a command in-
terpreting portion 33 for interpreting operation command
data to identify an application module 19 for which the
operation command data are used, and to determine a
kind of the operation command data; and a command
converting portion 34 for converting input data from the
external hardware 15 into operation command data
used for the corresponding application module 19. It is

to be noted that the functions of the command interpret-
ing portion 33 and the command converting portion 34
may also be integrated into one as the state transition
detecting portion 32.
[0157] Referring next to Fig. 15, the operation of the
command conversion will be described.
[0158] In the first place, input data input from the ex-
ternal hardware 15 or the like is passed to the applica-
tion control module 17 through the external input/output
control module 20, which is not illustrated. In the appli-
cation control module 17, to begin with, the command
interpreting portion 33 interprets the input data to iden-
tify an application module 19 to which the input data are
addressed.
[0159] Next, a state of the identified application mod-
ule 19 is detected using the state transition detecting
portion 32. If the identified application module 19 has
already started and in a command acceptable state, the
application control module 17 converts the input data
into operation command data used for the identified ap-
plication module 19 using the command converting por-
tion 34, and then transmits the operation command data
to this identified application module 19.
[0160] Thus, using the command interpreting portion
33, the application control module 17 interprets input da-
ta from another application module 19 or the external
hardware 15 to identify an application module 19 for
which the input data are used. After that, the application
control module 17 detects a starting state and a com-
mand acceptable state of the identified application mod-
ule 19 using the state transition detecting portion 32, and
then convert the input data into operation command da-
ta using the command converting portion 34 before de-
livering the operation command data to the identified ap-
plication module 19. Accordingly, it is possible to devel-
op the application module 19 without being conscious
of correspondence of input data with operation of the
application module 19.
[0161] In addition, even if specifications of the exter-
nal hardware 15 have been changed, it is possible to
cope with the change by changing only specifications of
the application control module 17, and thereby a plural-
ity of application modules 19 can be used just as they
are without changing the application modules 19.
[0162] It is to be noted that a plurality of operation
commands can also be delivered to the plurality of ap-
plication modules 19. In this case, the operation com-
mand data are copied in the command interpreting por-
tion 33 or the command converting portion 34; and then,
the converted operation command data are transmitted
to each of the corresponding application modules 19.
[0163] As described above, according to the sixth em-
bodiment, the application control module 17 is config-
ured to include the following: the state transition detect-
ing portion 32 for detecting state transition of the appli-
cation module 19; the command interpreting portion 33
for interpreting input data; and the command converting
portion 34 that converts the input data, which has been
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interpreted by the command interpreting portion 33, into
operation command data used for the corresponding
application module 19 before transmitting the converted
operation command data. As a result, the following ef-
fects are produced: the application module 19 can be
developed without being conscious of correspondence
of input data with operation of the application module
19, which enables to compile and debug the application
module 19 more efficiently; and even if specifications of
the external hardware 15 have been changed, it is pos-
sible to cope with the change by changing only the ap-
plication control module 17.

Seventh Embodiment

[0164] Fig. 16 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a sev-
enth embodiment of the present invention. Configura-
tions which are like or equivalent to those shown in Fig.
15 are designated by the same reference numerals.
[0165] In Fig. 16, reference numeral 35 denotes an
application existence flag, which expresses existence
of the application module 19. Existence of the applica-
tion module 19 may also be stored in the state transition
detecting portion 32 described in the fifth and sixth em-
bodiments.
[0166] In the fifth embodiment, for example, with an
operation flag prepared, when the command interpret-
ing portion 33 interprets input data, if the corresponding
application module 19 has not been started yet judging
from this operation flag, the application control module
17 starts the corresponding application module 19 ac-
cording to the third embodiment, and then transmits
command data.
[0167] In addition, in the sixth embodiment, when the
command interpreting portion 33 interprets input data,
if there is not an appropriate application module 19 judg-
ing from the application existence flag 35, the applica-
tion control module 17 starts the corresponding applica-
tion module 19 also according to the third embodiment,
and then converts input data into operation command
data used for the corresponding application module 19,
using the command converting portion 34, before trans-
mitting the operation command data.
[0168] As described above, according to the seventh
embodiment, using the operation flag or the state tran-
sition detecting portion 32, the application control mod-
ule 17 judges whether or not the application module 19
has been started. Next, after the application module 19
is started, the application control module 17 delivers
screen control command data, operation command data
and so on. Accordingly, the application module 19 can
be developed without being conscious of the necessity
of operation command data, which is a produced effect.
Moreover, existence of the application module 19 is
judged before command data are transmitted, which
produces an effect of eliminating the need for transmit-
ting unnecessary command data when operating the

on-vehicle multimedia device.

Eighth Embodiment

[0169] Fig. 17 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to an
eighth embodiment of the present invention. Configura-
tions which are like or equivalent to those shown in Fig.
3 are designated by the same reference numerals.
[0170] In Fig. 17, reference numeral 36 denotes a
communication interface portion (communication I/F
portion) provided in the application control module 17.
The application control module 17 performs data com-
munication with another application module 19 using the
communication interface portion 36. Fig. 18 is a diagram
to illustrate a configuration of the application control
module 17 according to the eighth embodiment.
[0171] In Fig. 18, the application control module 17
includes the communication interface portion 36, and an
application control module application portion 37.
[0172] The communication interface portion 36 in-
cludes the following: a common communication inter-
face portion (common communication I/F portion) 38
which is provided in each of the application modules 19
in common; and an application control module com-
mand analyzing portion 39 for analyzing operation com-
mand data delivered by way of communication.
[0173] The application control module application
portion 37 is designed to grasp a state of the whole on-
vehicle multimedia device, and a state of each applica-
tion module 19, and thereby to realize functions of the
application control module 17 such as control of data
delivering, control of screen size and displaying, and
control of starting and ending of the application module
19. Reference numeral 32 is a state transition detecting
portion that holds a state of the whole on-vehicle multi-
media device, and existence of each application module
19 and its state.
[0174] To begin with, command data which has been
input from the user operating portion 12 of the external
hardware 15 or the like is received by the communica-
tion interface portion 36 of the application control mod-
ule 17. The application control module 17 performs
processing required for the input command data using
the application control module application portion 37,
and then delivers the operation command data, which
has been processed by the communication interface
portion 36, to the application module 19. In a similar
manner, operation command data from each application
module 19 is also received by the communication I/F
portion 36, and is then processed in the application con-
trol module application portion 37. After that, the oper-
ation command data are transmitted from the commu-
nication interface portion 36. Providing the communica-
tion interface portion 36 and the application control mod-
ule application portion 37 produces the following effect:
if it is necessary to change a function of the application
control module 17, changing only the application control
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module application portion 37 can cope with the neces-
sity without changing the communication interface por-
tion 36.
[0175] By the way, the common communication inter-
face portion 38 will be described in a tenth embodiment.
[0176] As described above, according to the eighth
embodiment, the application control module 17 is con-
figured to include the communication interface portion
36 for communicating with each application module 19,
and the application control module application portion
37 in which a function of the application control module
17 is realized. Accordingly, if the function of the applica-
tion control module 17 is changed, it is possible to cope
with the change by changing only the application control
module application portion 39, which enables to develop
the on-vehicle multimedia device more efficiently.

Ninth Embodiment

[0177] Fig. 19 is a diagram to illustrate a configuration
of the on-vehicle multimedia device according to the
eighth embodiment of the present invention. Configura-
tions which are like or equivalent to those shown in Fig.
17 are designated by the same reference numerals.
[0178] In Fig. 19, reference numeral 41 denotes a
communication interface portion (communication I/F
portion). The application module 19 receives operation
command data, which is transmitted from the applica-
tion control module 17 or another application module 19,
using the communication interface portion 41.
[0179] Fig. 20 is a diagram to illustrate a configuration
of the application module 19 according to the ninth em-
bodiment.
[0180] In Fig. 20, the application module 19 includes
the communication interface portion 41 and an applica-
tion module application portion 42. The application mod-
ules 19 can communicate with each other through the
communication interface portion 41. The communica-
tion interface portion 41 includes the common commu-
nication interface portion (common communication I/F
portion) 38 which is common to all of the application
modules 19, and a command analyzing portion 44 used
for communication. The application module application
portion 42 executes an individual function provided in
each application module 19.
[0181] To begin with, the application control module
17 receives input command data input from the external
hardware 15. The application control module 17 per-
forms processing required for the input command data,
and then delivers operation command data to the appli-
cation module 19. The application module 19 performs
appropriate processing in response to the delivered op-
eration command data, and if necessary, transmits re-
quired operation command data through the communi-
cation interface portion 41 in the application control
module 17 or in another application module 19.
[0182] Next, general operation of the application mod-
ule 19 will be described below. The application module

19 can issue operation command data to another appli-
cation module 19. The operation command data are re-
ceived by the common communication interface portion
38 inside the communication interface portion 41 of the
object application module 19. After that, the command
analyzing portion 44 in the communication interface por-
tion 41 analyzes the operation command data peculiar
to the object application module 19. The analyzed op-
eration command data are executed in the application
module application portion 42.
[0183] To begin with, input data which has been input
from the user operating portion 10 is received by the ex-
ternal input/output control module 20 through the oper-
ating portion interface 11. Then, the input data are con-
verted into operation command data. As a matter of
course, the input data may also be transmitted to the
application control module 17 just as it is without con-
verting the input data into the operation command data
in the external input/output control module 20. The con-
verted operation command data are delivered to each
application control module 17 from the common com-
munication interface 38 provided in the communication
interface portion 41 of the external input/output control
module 20. In addition, the operation command data are
transmitted from the communication interface portion 36
of the application control module 17 to the common
communication interface portion 38 of the communica-
tion interface portion 41 of each application module 19.
Next, the operation command data are analyzed by the
application module command analyzing portion 44 be-
fore the analyzed operation command data are trans-
mitted to the application module application portion 42.
The application module application portion 42 executes
various kinds of operation in response to a kind of op-
eration command data.
[0184] Specific examples of the application modules
19 will be described below.
[0185] Fig. 21 is a diagram to illustrate a configuration
of the car navigation control module 21 shown in the first
embodiment.
[0186] In Fig. 21, reference numeral 45 denotes a car
navigation control module interface portion (communi-
cation interface unit) by which the car navigation control
module 21 communicates with the application control
module 17 and another application module 19. The car
navigation control module interface portion includes the
following: the application control module 17; the com-
mon communication interface portion 38 which is com-
mon to all of the application modules 19; and the car
navigation control module command analyzing portion
48. Reference numeral 46 denotes a car navigation con-
trol module application portion in which a car navigation
control function is realized.
[0187] Fig. 22 is a diagram to illustrate a configuration
of the external input/output control module 20 shown in
the first embodiment.
[0188] In Fig. 22, reference numeral 49 denotes an
external input/output control module interface portion
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(communication interface unit) by which the external in-
put/output control module 20 communicates with the ap-
plication control module 17 and another application
module 19. The external input/output control module in-
terface portion includes the following: the application
control module 17; the common communication inter-
face portion 38 which is common to all of the application
modules 19; and the external input/output control mod-
ule command analyzing portion 53 used for communi-
cation. Reference numeral 50 is an external input/output
control module application portion in which an external
input/output control function is realized. In addition, ref-
erence numeral 51 is an external input/output device in-
terface portion used for communication with the external
hardware 15.
[0189] Next, the operation of the car navigation con-
trol module 21 will be described below.
[0190] Data such as GPS, gyrocompass, vehicle
speed, which have been obtained from the peripheral
equipment 12 by the external input/output control mod-
ule 20, is passed to the car navigation control module
21 as external data through the external input/output
control module 20, and the application control module
17. In the car navigation control module 21, the external
data are received by the common communication inter-
face portion 38 inside the car navigation control module
interface portion 45. After that, the car navigation control
module command analyzing portion 48 converts the da-
ta into internal operation command data which is used
for operating a car navigation system, and then passes
the converted operation command data to the car nav-
igation control module application portion 46. The car
navigation control module application portion 46 exe-
cutes operation of the car navigation system, such as a
search for a route, induction, and guidance, according
to the internal operation command data.
[0191] Fig. 23 is a diagram to illustrate a configuration
of the startup screen control module 22 shown in the
first embodiment.
[0192] In Fig. 23, reference numeral 54 denotes a
startup screen control module interface portion (com-
munication interface unit) by which the startup screen
control module 22 communicates with the application
control module 17 and another application module 19.
The startup screen control module interface portion in-
cludes the common communication interface 38 and the
startup screen control module command analyzing por-
tion 57. Reference numeral 55 is a startup screen con-
trol module application portion in which a startup screen
control function is realized.
[0193] Next, the operation of the startup screen con-
trol module 22 will be described below.
[0194] After the application control module 17 and
each application module 19 are powered on, they re-
quire time to complete initialization at the time of start-
ing. Therefore, it takes time to display a startup screen
after the power on. The startup screen control module
22 starts before initialization of the application control

module 17 and another application module 19 is com-
pleted, and occupies the display 9 temporarily to display
the startup screen. In a state in which the application
control module 17 and the application modules 19 are
allowed to operate, control is transferred from the star-
tup screen by the startup screen control module 22 to
the other application modules 19.
[0195] Fig. 24 is a diagram to illustrate a configuration
of the hypertext browsing module 23 shown in the first
embodiment.
[0196] In Fig. 24, reference numeral 58 denotes a hy-
pertext browsing module interface portion (communica-
tion interface unit) by which the hypertext browsing mod-
ule 23 communicates with the application control mod-
ule 17 and another application module 19. The hypertext
browsing module interface portion includes the common
communication interface portion 38 and the hypertext
browsing module command analyzing portion 61. Ref-
erence numeral 59 is a hypertext browsing module ap-
plication portion in which a hypertext browsing function
is realized.
[0197] Next, the operation of the hypertext browsing
module 23 will be described below.
[0198] The application control module 17 receives in-
put data of a user, which has been input from the user
operating portion 10, through the external input/output
control module 20, and then delivers operation com-
mand data to the hypertext browsing module 23. The
startup screen control module command analyzing por-
tion 57 analyzes the operation command data through
the common communication interface portion 38. Then,
the hypertext browsing module application portion 59
displays hypertext on the display 9 in response to the
results of the analysis.
[0199] Fig. 25 is a diagram to illustrate a configuration
of the digital audio control module 24 shown in the first
embodiment.
[0200] In Fig. 25, reference numeral 62 denotes a dig-
ital audio control module interface portion (communica-
tion interface unit) by which the digital audio control
module 24 communicates with the application control
module 17 and another application module 19. The dig-
ital audio control module interface portion includes the
common communication interface 38 and the digital au-
dio control module command analyzing portion 65. Ref-
erence numeral 63 is a digital audio control module ap-
plication portion in which a digital audio control function
is realized.
[0201] Next, the operation of the digital audio control
module 24 will be described below.
[0202] The common communication interface portion
38 of the digital audio control module interface portion
62 receives the following: operation command data
such as playback, stop, forward, rewind, and music se-
lection which is converted from the input data from the
user operating portion 10 by the external input/output
control module 20 and the application control module
17; and operation command data such as playback,
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stop, forward, rewind, and music selection, coming from
another application module 19. A digital audio control
module command analyzing portion 65 converts the op-
eration command data into each command data before
the converted command data are transmitted to a digital
audio control module application portion 63. The digital
audio control module application portion 63 performs
operation such as playback, stop, forward, rewind, and
music selection in response to each operation com-
mand data. Music information which is played back in
the digital audio control module application portion 63 is
output from a speaker connected to the peripheral
equipment interface 13 through the external input/out-
put control module 20.
[0203] As described above, according to the nine-
teenth embodiment, the application module 19 is con-
figured to include the following: the communication in-
terface portion 41 for communicating with the applica-
tion control module 17 and another application module
19; and the application module application portion 42
that executes an individual function in the application
module 19. Accordingly, even if a function is added to
the application module 19, it is possible to cope with the
addition by changing only the application module appli-
cation portion. This enables to develop the on-vehicle
multimedia device more efficiently, which is a produced
effect.

Tenth Embodiment

[0204] Figs. 26 and 27 are diagrams to illustrate a
configuration of an on-vehicle multimedia device ac-
cording to a tenth embodiment of the present invention.
Configurations which are like or equivalent to those
shown in Figs. 3, 18, and 20 are designated by the same
reference numerals.
[0205] In Figs. 26 and 27, the application control mod-
ule 17 includes the communication interface portion 36
and the application portion 37; and the application mod-
ule 19 includes the communication interface units 44
and the application portions 42. The communication in-
terface portion 36 of the application control module 17
and the communication interface portion 41 of each ap-
plication module 19 communicate with each other by
way of each common communication interface portion
38. Thus, it is possible to communicate with each other
through the common communication interface portion
38.
[0206] The on-vehicle multimedia device according to
the tenth embodiment of the present invention requires
one or more application modules 19 including the exter-
nal input/output control module 20. In the case of an ap-
plication module 19, the communication interface por-
tion 41 of which has the common communication inter-
face portion 38, any number of such application mod-
ules 19 can be added to the application module group
18.
[0207] As described above, according to the tenth

embodiment, the communication interface portion 36 of
the application control module 17 and the communica-
tion interface portion 41 of the application module 19 are
configured to include, in common, the common commu-
nication interface portion 38 for communicating with
each other. This enables to add a new application mod-
ule to the on-vehicle multimedia device easily, which is
a produced effect.

Eleventh Embodiment

[0208] The application control module 17 may also be
configured to read the application module 19 which is a
target of a read command received from the external
hardware 15 or another application module 19; or the
application control module 17 may also be configured
to delete the application module 19 which is a target of
delete command data received from outside.
[0209] When the application control module 17 re-
ceives read command data for reading the application
module 19, the application control module 17 reads an
appropriate application module 19 from, for example,
the ROM 1 or the external storage medium 4 of the ex-
ternal storage drive 5 into a main memory such the RAM
3. When the operation of the application module 19 be-
comes possible, the application module 19 notifies the
application control module 17 of its own operable state.
[0210] In addition, when the application control mod-
ule 17 receives delete command data for deleting the
application module 19, the application control module
17 deletes the application module 19 in the main mem-
ory such as the RAM 3. At the time of the deletion, if it
is necessary to save the internal state and data of the
application module 19, the application control module
17 issues command data for saving the state and the
data to the application module 19, and then suspends
the deletion of the application module 19 until the appli-
cation module 19 completes the saving of the internal
state and the data. Saving the internal state and data at
the time of deletion produces the following effects: the
application module 19 can be initialized earlier at the
time of the next starting; and the application module 19
can be started from the last ending state.
[0211] The following method may also be used: an in-
ternal state and data are saved by the application mod-
ule 19 in advance; and after completion of the saving,
delete command data for deleting the application mod-
ule 19 is issued.
[0212] A dedicated module other than the application
control module 17 may also be provided in order to con-
trol replacement. Providing the dedicated module ena-
bles to add or delete a function of the on-vehicle multi-
media device easily, and also to reduce a load of the
application control module 17. Fig. 28 is a diagram to
illustrate a configuration of the on-vehicle multimedia
device according to the eleventh embodiment of the
present invention. Configurations which are like or
equivalent to those shown in Fig. 26 are designated by
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the same reference numerals.
[0213] In the configuration shown in Fig. 28, an appli-
cation replacing portion 66 is added to the on-vehicle
multimedia device in Fig. 19. The application replacing
portion 66 performs replacement of reading or deletion
of the application module 19.
[0214] The following method may also be used: per-
forming compilation covering the whole on-vehicle mul-
timedia device which includes a required application
module 19, and then writing the result of the compilation
into the external storage medium 4 of a CD-ROM, a
DVD-ROM, or the like in advance; and allowing execu-
tion of the required application module 19 when the on-
vehicle multimedia device starts.
[0215] As described above, according to the eleventh
embodiment, the application control module 17 is con-
figured to read an application module 19, which is a tar-
get of received read command data, into the main mem-
ory. As a result, a new function of the on-vehicle multi-
media device can be added easily, which is a produced
effect.
[0216] Additionally, according to the eleventh embod-
iment, the application control module 17 is configured
to delete an application module 19, which is a target of
received delete command data, from the main memory.
As a result, a new function of the on-vehicle multimedia
device can be deleted easily, which is a produced effect.
[0217] Moreover, according to the eleventh embodi-
ment, it is characterized by that the application module
19 saves the internal state and data of the application
module 19 before the application module 19 is deleted.
Therefore, the following effects are produced: the appli-
cation module 19 can be initialized earlier at the time of
the next starting; and the application module can be
started from the last ending state.
[0218] Furthermore, according to the eleventh em-
bodiment, the application replacing portion 66 for read-
ing or deleting the application module 19, which is the
target of the received read command data or the re-
ceived delete command data, into or from the main
memory is provided. Therefore, the following effects are
produced: a function of the on-vehicle multimedia de-
vice can be added or deleted easily; a load of the appli-
cation control module 17 can be reduced; and a memory
resource and an I/O resource can be saved.

Twelfth Embodiment

[0219] In an on-vehicle multimedia device in a twelfth
embodiment of the present invention, the multiprocess-
ing in the first embodiment is replaced with multithread-
ing.
[0220] Because threads share the same process
space, a name space at the time of compilation is shared
by all threads in the same process. In addition, the
amount of data to be saved when switching a context
switch is small.
[0221] The thread can be replaced with a task in a real

time OS having the same function as that of the thread.
[0222] If functions and operation equivalent to those
in the first embodiment are executed successively, the
application control module 17 and the application mod-
ule 19 become subroutines which are called by a main
program for controlling successive execution. After a
subroutine is called, required processing is performed
before the subroutine returns to the main program. The
application control module 17 communicates with an ap-
plication program using a memory in the main program.
[0223] As described above, according to the twelfth
embodiment, it is characterized by that the application
control module 17 and the application module 19 oper-
ate in parallel. Therefore, the following effects are pro-
duced: each module can be developed easily, which en-
ables to develop the on-vehicle multimedia device more
efficiently.

Thirteenth Embodiment

[0224] Fig. 29 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a thir-
teenth embodiment of the present invention. Configura-
tions which are like or equivalent to those shown in Figs.
3 and 28 are designated by the same reference numer-
als.
[0225] Reference numeral 67 in Fig. 29 denotes a li-
brary group in the application control module 17. In the
library group 67, there are libraries, each of which is pro-
duced by extracting and grouping functions relating to
communication, drawing, screen layout, numerical cal-
culation, or the like, which are required by the applica-
tion control module 17 and the application module 19;
for example, the library group 67 includes the commu-
nication interface units 36, 41, each of which has been
grouped into a library, a drawing library 68, a numerical
calculation library 69, and a screen layout library 70.
[0226] Thus, providing the application control module
17 with the library group 67 permits an unnecessary li-
brary to be omitted, and thereby enables compilation in-
cluding only required libraries when compiling the appli-
cation module 19. Because each of the libraries has a
specific common interface, the library can be called from
any application module 19 using the same steps. In ad-
dition, grouping common functions into a library enables
improvement in working efficiency of development and
debugging of the common functions.
[0227] It is to be noted that the libraries such as com-
munication, drawing, screen layout, and numerical cal-
culation may also be integrated into one.
[0228] Moreover, as shown in Fig. 30, the external in-
put/output control module 20 may also be provided with
an external input/output library (I/O library) 71 so that
input from outside and output to outside are controlled
by an application module 19 other than the application
control module 17.
[0229] Additionally, as shown in Fig. 31, each of the
application modules 19 may communicate with the ex-
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ternal hardware 15 directly using the drawing library 68
and the external input/output library 71.
[0230] As described above, according to the thir-
teenth embodiment, the library group 67 constituted of
a plurality of libraries, each of which realizes a plurality
of functions common to the application control module
17 and all of the application modules 19, is provided;
and the application control module 17 and each appli-
cation module 19 are configured to read a required li-
brary from the library group 67. Accordingly, the follow-
ing effects are produced: the quantity of developed
codes of the application control module 17 and the ap-
plication module can be reduced, which enables to de-
velop the on-vehicle multimedia device more efficiently;
and working efficiency of development and debugging
of the common functions can be improved.
[0231] Further, according to the thirteenth embodi-
ment, because an interface which is common to all li-
braries in the library group 67 is provided, the application
control module 17 and each application module 19 can
read a library using the same steps, which is a produced
effect.
[0232] In addition, according to the thirteenth embod-
iment, the external input/output control module 20 is pro-
vided with the external input/output library (I/O library)
71 so that input from outside and output to outside are
controlled by the input/output library 71. This produces
an effect of reducing a load of the application control
module 17.
[0233] Furthermore, according to the thirteenth em-
bodiment, each application module 19 includes the
drawing library 68 and the external input/output library
71. Drawing on the display 9 of the external hardware
15 is performed using the drawing library 68; and data
communication with the external hardware 15 is per-
formed using the external input/output library 71. This
produces an effect of reducing a load of the application
control module 17.

Fourteenth Embodiment

[0234] The library group 67 described in the thirteenth
embodiment may be used as an application module 19;
or as is the case with DLL of Windows (registered trade-
mark) CE and a shared library of UNIX (registered trade-
mark), the library group 67 may be configured to be
linked with a library, which can be shared among the
application modules, at the time of execution.
[0235] Fig. 32 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a four-
teenth embodiment of the present invention.
[0236] Reference numeral 72 shown in Fig. 32 repre-
sents a common library (library group) as the application
module 19. The common library 72 is a library produced
by extracting the drawing library 68, the screen layout
library 70, the numerical calculation library 69, the ex-
ternal input/output library 71, and the like from the ap-
plication control module 17 and the application module

19 to integrate the extracted libraries into one for each.
As a matter of course, the communication interface por-
tion libraries 36, 41 may also be added to the library
group 72.
[0237] Since the common library 72 has a specific in-
terface, the common library 72 can be called from any
application module 19 using the same steps.
[0238] Moreover, as shown in Fig. 33, the communi-
cation interface portion library, the drawing library, the
screen layout library, the numerical calculation library,
and the like may also be integrated into the common
library group 72.
[0239] As described above, according to the four-
teenth embodiment, the library group 67 constituted of
a plurality of libraries, in which a plurality of functions
common to the application control module 17 and all of
the application modules 19 are realized, is provided as
one of the application modules 19. Accordingly, the fol-
lowing effects are produced: sizes of the application
control module and the application module 19 at the time
of execution can be reduced, which enables a decrease
in the link time; and working efficiency of development
and debugging of the common functions can be im-
proved.
[0240] Furthermore, according to the fourteenth em-
bodiment, it is so devises that the same library of the
library group 67 is accessed from the plurality of appli-
cation modules 19 using the same steps simultaneous-
ly. This produces an effect of reducing a memory size
and time required for linkage.

Fifteenth Embodiment

[0241] Fig. 34 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a fif-
teenth embodiment of the present invention. Configura-
tions which are like or equivalent to those shown in Fig.
3 are designated by the same reference numerals.
[0242] Reference numeral 73 in Fig. 34 denotes a
drawing right control portion for controlling a drawing
command from the application module 19 and a drawing
command of the application control module 17 itself.
[0243] When drawing is required, the application
module 19 issues drawing command data to the appli-
cation control module 17. When the application control
module 17 receives the drawing command data, the ap-
plication control module 17 judges by the drawing right
control portion 73 whether or not the application module
19 can perform drawing. If it is judged that drawing is
possible, the drawing is performed.
[0244] When a drawing request is issued inside the
application control module 17, a judgment is made in
like manner as to whether or not drawing is possible. If
it is judged that drawing is possible, the drawing is per-
formed.
[0245] Although illustration is omitted, even if audio
output command data are issued instead of drawing
command data, a similar method can be adopted by pro-
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viding an audio output right control portion.
[0246] To be more specific, when audio output is re-
quired, the application module 19 issues an audio output
request to the application control module 17. When the
application module 19 receives the audio output re-
quest, the application module 19 judges by the audio
output right control portion whether or not the application
module 19 can perform audio output. If it is judged that
audio output is possible, the audio is output.
[0247] When an audio output request is issued inside
the application control module 17, a judgment is made
in like manner as to whether or not audio output is pos-
sible. If it is judged that audio output is possible, the au-
dio is output.
[0248] It is to be noted that the drawing right control
portion 73 and the audio output right control portion may
also be integrated into one unit.
[0249] In addition, it is also possible to superimpose
contents drawn by the application control module 17 on
a screen drawn by an application.
[0250] Moreover, it is also possible to adjust the order
of drawing performed by the application control module
17 and the application module 19 before superimposi-
tion of the drawing.
[0251] Additionally, a size of an image to be drawn can
be adjusted arbitrarily.
[0252] Moreover, when drawing a plurality of images,
a screen on the display 9 may also be divided; in this
case, the number of divided screens and a division size
can be adjusted arbitrarily, in other words, they are not
limited in particular.
[0253] An audio output right control module can also
adjust the order of audio output requests from the appli-
cation control module 17 and the application module 19
before audio output.
[0254] As described above, according to the fifteenth
embodiment, it is characterized by that the application
control module 17 includes the drawing right control por-
tion 73 having the following functions: when receiving
drawing command data from the application control
module 17 or the application module 19, judging wheth-
er or not drawing is possible; and according to the result
of the judgment, if it is judged that drawing is possible,
performing the drawing on the display 9. Accordingly, as
a produced effect, development of the application mod-
ule 19 becomes possible without being conscious of
whether or not drawing is possible, which enables to de-
velop the on-vehicle multimedia device more efficiently.
[0255] In addition, according to the fifteenth embodi-
ment, it is characterized by that the application control
module 17 includes the audio output right control portion
having the following functions: when receiving an audio
output request from the application control module 17
or the application module 19, judging whether or not au-
dio output is possible; and according to the result of the
judgment, if it is judged that audio output is possible,
outputting audio from the external hardware 15. Accord-
ingly, as a produced effect, development of the applica-

tion module 19 becomes possible without being con-
scious of whether or not audio output is possible, which
enables to develop the on-vehicle multimedia device
more efficiently.

Sixteenth Embodiment

[0256] Fig. 35 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to a six-
teenth embodiment of the present invention. Configura-
tions which are like or equivalent to those shown in Figs.
14, 30, 31, and 32 are designated by the same reference
numerals.
[0257] The state transition detecting portion 32 shown
in Fig. 35 controls a drawing command from the appli-
cation module 19 and a drawing command of the appli-
cation control module 17 itself.
[0258] When drawing is required, the application
module 19 issues drawing right request data to the ap-
plication control module 17. When the application con-
trol module 17 receives the drawing right request data,
the application control module 17 detects by the state
transition detecting portion 32 whether or not the appli-
cation module 19 can perform drawing. If it is detected
that drawing is possible, the application control module
17 issues, to the application module 19, data notifying
that drawing is possible. When the application module
19 receives the drawing possible notification data, the
application module 19 transmits drawing command data
to the drawing library 68 in order to instruct drawing. The
drawing library 68 which has received the drawing com-
mand data performs drawing on the display 9 of the ex-
ternal hardware 15.
[0259] Even when drawing is requested inside the ap-
plication control module 17, the state transition detect-
ing portion 32 detects in a like manner whether or not
drawing is possible. If it is detected that drawing is pos-
sible, drawing command data are issued to the drawing
library 68, and then the drawing library 68 performs
drawing on the display 9.
[0260] Drawing may be replaced with audio output as
below.
[0261] When audio output is required, the application
module 19 requests the application control module 17
to give the application module 19 an audio output right.
When the application control module 17 receives the au-
dio output right request data, the application control
module 17 detects by the state transition detecting por-
tion 32 whether or not the application module 19 can
output audio. If it is detected that audio output is possi-
ble, the application control module 17 issues, to the ap-
plication module 19, data notifying that audio output is
possible. When the application module 19 receives the
audio output possible notification data, the application
module 19 transmits audio output command data to an
audio output library, which is not illustrated, in order to
instruct audio output. The audio output library which has
received the audio output command data outputs audio

35 36



EP 1 372 070 A1

20

5

10

15

20

25

30

35

40

45

50

55

from the peripheral equipment 12 of the external hard-
ware 15.
[0262] When audio output is requested inside the ap-
plication control module 17, a judgment as to whether
or not audio output is possible is made by the state tran-
sition detecting portion 32 in a like manner. If it is judged
that audio output is possible, audio output command da-
ta are issued to the audio output library.
[0263] It is to be noted that the application control
module 17 can also superimpose contents drawn by the
application control module 17 on a drawing screen of
the application module 19 and vice versa, as a matter
of course.
[0264] Moreover, the application control module 17
can also adjust order of drawing performed by the ap-
plication control module 17 and the application module
19 before superimposition of the drawing.
[0265] Additionally, a size of an image to be drawn can
be adjusted arbitrarily.
[0266] Moreover, when drawing a plurality of images,
a screen on the display 9 may also be divided; in this
case, the number of divided screens and a division size
can be adjusted arbitrarily, in other words, they are not
limited in particular.
[0267] The application control module 17 can also ad-
just the order of a plurality of audio output right requests
from the application control module 17 and the applica-
tion module 19 before outputting audio.
[0268] Moreover, as is the case with the library de-
scribed in the thirteenth embodiment, the drawing library
68 and the audio output library may also be included in
the application control module 17 or the application
module 19.
[0269] As described above, according to the sixteenth
embodiment, the application control module 17 is con-
figured to include the state transition detecting portion
32 having the following functions: when receiving draw-
ing right request data from the application control mod-
ule 17 or the application module 19, judging whether or
not the application control module 17 or the application
module 19 can perform drawing; and if it is judged that
drawing is possible, drawing possible notification data
are issued to the application control module 17 or the
application module 19. In addition to it, the drawing li-
brary having the following function is provided: perform-
ing drawing on the external hardware 15 according to
drawing command data from the application control
module 17 or the application module 19 which has re-
ceived the drawing possible notification data. Accord-
ingly, as a produced effect, development of the applica-
tion module becomes possible without being conscious
of whether or not drawing is possible, which enables to
develop the on-vehicle multimedia device more effi-
ciently.
[0270] Moreover, according to the sixteenth embodi-
ment, the application control module 17 is configured to
include the state transition detecting portion 32 having
the following functions: when receiving audio output

right request data from the application control module
17 or the application module 19, judging whether or not
the application control module 17 or the application
module 19 can output audio; and if it is judged that audio
output is possible, audio output possible notification da-
ta are issued to the application control module 17 or the
application module 19. In addition to it, the audio output
library having the following function is provided: output-
ting audio from the external hardware 15 according to
audio output command data from the application control
module 17 or the application module 19 which has re-
ceived the audio output possible notification data. Ac-
cordingly, as a produced effect, development of the ap-
plication module becomes possible without being con-
scious of whether or not audio output is possible, which
enables to develop the on-vehicle multimedia device
more efficiently.

Seventeenth Embodiment

[0271] Fig. 36 is a diagram to illustrate a configuration
of an on-vehicle multimedia device according to an sev-
enteenth embodiment of the present invention. Config-
urations which are like or equivalent to those shown in
the above mentioned figures are designated by the
same reference numerals.
[0272] Reference numeral 68 shown in Fig. 36 de-
notes a drawing library for controlling a drawing com-
mand from the application control module 17 or each
application module 19.
[0273] When drawing is required, the application
module 19 issues drawing command data to the drawing
library 68. When the drawing library 68 receives the
drawing command data, the drawing library 68 judges
by a drawing control portion whether or not the applica-
tion module 19 can perform drawing. If it is judged that
drawing is possible, the drawing is performed. If drawing
is not possible, the drawing library 68 notifies the appli-
cation module 19 that the drawing is not possible, and
then instructs the application module 19 to suspend the
drawing.
[0274] In this connection, if the drawing is not possi-
ble, the drawing may also be suspended in the drawing
library 68 without notifying the application module 19
that the drawing is not possible, or a drawing request
may also be canceled without notifying that the drawing
is not possible.
[0275] As a matter of course, the drawing may be re-
placed with audio output as below. Reference numeral
74 shown in Fig. 36 denotes an audio output library for
controlling an audio output command from the applica-
tion control module 17 or each application module 19.
[0276] When audio output is required, the application
module 19 issues audio output command data to the au-
dio output library 74. When the audio output library 74
receives the audio output command data, the audio out-
put library 74 judges whether or not the application mod-
ule 19 can output audio. If it is judged that audio output
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is possible, the audio is output. If audio output is not pos-
sible, the audio output library 74 notifies the application
module 19 that the audio output is not possible, and then
instructs the application module 19 to suspend the audio
output.
[0277] It is to be noted that if audio output is not pos-
sible, audio output may also be suspended in the audio
output library 74 without notifying the application module
19 that the audio output is not possible.
[0278] In addition, if audio output is not possible, au-
dio output command data may also be canceled without
notifying the application module 19 that audio output is
not possible.
[0279] The drawing library 68 can also superimpose
contents drawn by the application control module 17 on
a screen drawn by the application.
[0280] Moreover, the drawing library 68 can also ad-
just the order of drawing performed by the application
control module 17 and the application module 19 before
superimposition of the drawing.
[0281] Additionally, a size of an image to be drawn can
be adjusted arbitrarily.
[0282] Moreover, when drawing a plurality of images,
a screen on the display 9 may also be divided; in this
case, the number of divided screens and a division size
can be adjusted arbitrarily, in other words, they are not
limited in particular.
[0283] The audio output library 74 can also adjust the
order of audio output requests from the application con-
trol module 17 and the application module 19 before au-
dio output.
[0284] As described above, according to the seven-
teenth embodiment, the drawing library having the fol-
lowing functions is provided: in response to drawing
command data received from the application control
module or the application module, judging whether or
not drawing is possible; and if it is judged that drawing
is possible, performing the drawing on the display 9. Ac-
cordingly, as a produced effect, development of each
module becomes possible without being conscious of
whether or not drawing is possible, which enables to de-
velop the on-vehicle multimedia device more efficiently.
[0285] Moreover, according to the seventeenth em-
bodiment, the audio output library 74 having the follow-
ing functions is provided: in response to audio output
command data received from the application control
module or the application module, judging whether or
not audio output is possible; and if it is judged that audio
output is possible, outputting the audio from the external
display 15. Accordingly, as a produced effect, develop-
ment of each module becomes possible without being
conscious of whether or not audio output is possible,
which enables to develop the on-vehicle multimedia de-
vice more efficiently.

Eighteenth Embodiment

[0286] Fig. 37 is a diagram to illustrate a configuration

of the application control module 17 according to an
eighteenth embodiment. Fig. 38 is a diagram to illustrate
a configuration of an on-vehicle multimedia device ac-
cording to an eighteenth embodiment of the present in-
vention.
[0287] In Figs. 37 and 38, reference numeral 77 de-
notes a drawing control portion for displaying a screen
on the basis of screen data 78; and reference numeral
78 is a screen data portion which is required for display-
ing of the application control module 17.
[0288] The screen data portion 78 includes the follow-
ing: screen parts such as a button and a menu, which
are required for displaying the application control mod-
ule 17; and screen data such as drawing positions of the
button and the menu, and an animation.
[0289] When the application control module 17 starts,
the drawing control portion 77 draws the screen parts at
the drawing positions stored in the screen data portion
78. When transition of an internal state of the application
control module 17 causes a screen part to be drawn, the
drawing control portion 77 draws the screen part at a
position shown in the screen data portion 78. In addition,
when deletion of a screen part is required, the drawing
control portion 77 deletes an appropriate screen part.
[0290] When a change in internal state of the applica-
tion control module 17 causes an animation of screen
parts, the drawing control portion 77 repeats the drawing
and deletion of the screen parts stored in the screen da-
ta portion 78 one by one to execute the animation, on
the basis of animation data included in the screen data
portion 78.
[0291] The drawing control portion 77 and the screen
data portion 78 can also be automatically generated us-
ing an operation screen builder.
[0292] As described above, according to the eight-
eenth embodiment, the application control module 17 is
configured to include the following: the drawing control
portion for performing drawing on the display 9 of the
external hardware 15; and the screen data portion which
stores screen data required when performing drawing
of the application control module 17. Accordingly, the
following effects are produced: a graphic user interface
of the application control module 17 can be created in-
dependently from other functions in the application con-
trol module 17, which enables to develop the on-vehicle
multimedia device more efficiently.

Nineteenth Embodiment

[0293] Fig. 39 is a diagram to illustrate a configuration
of the application module 19 according to a nineteenth
embodiment. Fig. 40 is a diagram to illustrate a config-
uration of an on-vehicle multimedia device according to
a nineteenth embodiment of the present invention. In
Fig. 40, not only the application control module 17 but
also each application module 19 is provided with a draw-
ing control portion and a screen data portion.
[0294] In Figs. 39 and 40, reference numeral 75 de-
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notes a drawing control portion for displaying a screen
on the basis of screen data 76; and reference numeral
76 denotes a screen data portion which is required for
displaying of the application control module 19. The
screen data portion 76 includes the following: screen
parts such as a button and a menu, which are required
for displaying the application module 19; and screen da-
ta such as drawing positions of the button and the menu,
and an animation.
[0295] When the application module 19 starts, the
drawing control portion 75 draws the screen parts at the
drawing positions stored in the screen data portion 76.
When transition of an internal state of the application
module 19 causes a screen part to be drawn, the draw-
ing control portion 75 draws the screen part at a position
shown in the screen data portion 76. In addition, when
deletion of a screen part is required, the drawing control
portion 75 deletes an appropriate screen part.
[0296] When a change in internal state of the applica-
tion module 19 causes an animation of screen parts, the
drawing control portion 75 repeats the drawing and de-
letion of the screen parts stored in the screen data por-
tion 76 one by one to execute the animation, on the basis
of animation data included in the screen data portion 76.
[0297] The drawing control portion 75 and the screen
data portion 76 can also be automatically generated us-
ing an operation screen builder.
[0298] As a configuration of the drawing library, both
the method described in the thirteenth embodiment and
that described in the fourteenth embodiment may be
used.
[0299] As described above, according to the nine-
teenth embodiment, the application module 19 is con-
figured to include the following: the drawing control por-
tion for performing drawing on the display 9 of the ex-
ternal hardware 15; and the screen data portion which
stores screen data required when performing drawing
of the application module 19. Accordingly, the following
effects are produced: a graphic user interface of the ap-
plication module 19 can be created independently from
other functions in the application module 19, which en-
ables to develop the on-vehicle multimedia device more
efficiently.

Industrial Applicability

[0300] As described above, the on-vehicle multimedia
device according to the present invention is suitable for
a total information terminal system which is mounted on
a movable body such as a car, and to which functions
such as hypertext browsing and digital audio control, as
well as navigation service, can be added.

Claims

1. An on-vehicle multimedia device to be operated by
software including an application module group

having a plurality of application modules that real-
izes their respective different functions, and an ap-
plication control module for controlling each of the
application modules, wherein said device compris-
ing external hardware which inputs and outputs da-
ta to be processed by the software.

2. The on-vehicle multimedia device according to
claim 1, wherein each of the application control
module and the application module operate in a pro-
tected separate process space.

3. The on-vehicle multimedia device according to
claim 1, wherein said application module group in-
cludes, as one of the application modules, an exter-
nal input/output control module for inputting data
from and outputting data to the external hardware.

4. The on-vehicle multimedia device according to
claim 1, wherein said application control module an-
alyzes data from the external hardware, and then
delivers the data to an application module or an ap-
plication control module corresponding to the result
of the analysis.

5. The on-vehicle multimedia device according to
claim 1, wherein said application control module
controls starting and ending of each application
module.

6. The on-vehicle multimedia device according to
claim 1, further comprising a voice recognition por-
tion for analyzing audio data input into the external
hardware.

7. The on-vehicle multimedia device according to
claim 1, further comprising a text speaking portion
which analyzes text data from the application mod-
ule to read the analyzed text data aloud by the ex-
ternal hardware.

8. The on-vehicle multimedia device according to
claim 1, wherein said application control module in-
cludes a state transition detecting portion for detect-
ing state transition of the application module, and
when receiving data used for the application mod-
ule, the application control module detects a com-
mand acceptable state of the application module
using the state transition detecting portion and then
delivers the data.

9. The on-vehicle multimedia device according to
Claim 1, wherein said application control module in-
cludes:

a state transition detecting portion for detecting
state transition of the application module;
a command interpreting portion for interpreting
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input data; and
a command converting portion that converts
the data which has been interpreted by the
command interpreting portion into data used for
the corresponding application module before
transmitting the converted data.

10. The on-vehicle multimedia device according to
claim 1, wherein said application control module
judges whether or not the application module is
started, and starts the application module before
delivering data.

11. The on-vehicle multimedia device according to
claim 1, wherein said application control module in-
cludes:

a communication interface portion for commu-
nicating with each application module; and
an application control module application por-
tion in which a function of the application control
module is realized.

12. The on-vehicle multimedia device according to
claim 1, wherein said application module includes:

a communication interface portion for commu-
nicating with the application control module or
each of the other application modules; and
an application module application portion that
makes the application modules execute re-
spective individual functions.

13. The on-vehicle multimedia device according to
claim 1, wherein said application control module
and the application module include, in common, a
common communication interface portion for mutu-
al communication.

14. The on-vehicle multimedia device according to
claim 1, wherein said application control module
reads an application module, which is a target of
read command data, into a main memory.

15. The on-vehicle multimedia device according to
claim 1, wherein said application control module de-
letes an application module, which is a target of de-
lete command data, from the main memory.

16. The on-vehicle multimedia device according to
Claim 15, wherein said application module saves
an internal state and data of the application module
before they are deleted by the application control
module.

17. The on-vehicle multimedia device according to
claim 1, further comprising an application replacing
portion for reading an application module as a target

of read command data into the main memory, or for
deleting an application module as a target of delete
command data from the main memory.

18. The on-vehicle multimedia device according to
claim 1, wherein said application control module
and the application module operate in parallel.

19. The on-vehicle multimedia device according to
claim 1, further comprising a library group constitut-
ed of a plurality of libraries, each of which realizes
a plurality of functions common to the application
control module and all of the application modules;
and wherein the application control module and
each of the application modules read library from
the library group.

20. The on-vehicle multimedia device according to
claim 19, wherein said library group has an interface
which is common to all libraries.

21. The on-vehicle multimedia device according to
claim 3, wherein said external input/output control
module includes an external input/output library for
controlling data input from and output to the external
hardware.

22. The on-vehicle multimedia device according to
claim 1, wherein each of the application modules
includes:

a drawing library for performing drawing on the
external hardware; and
an external input/output library for controlling
data input from and output to the external hard-
ware.

23. The on-vehicle multimedia device according to
claim 1, wherein said application module group in-
cludes, as one of the application modules, a library
group constituted of a plurality of libraries, each of
which realizes a plurality of functions common to the
application control module and all of the application
modules.

24. The on-vehicle multimedia device according to
claim 23, wherein, in the library group, the same li-
brary is simultaneously accessed by a plurality of
application modules using the same steps.

25. The on-vehicle multimedia device according to
claim 1, wherein said application control module in-
cludes a drawing right control portion having func-
tions of, when receiving drawing command data
from the application control module or the applica-
tion module, judging whether or not drawing is pos-
sible, and if it is judged that drawing is possible, then
performing the drawing on the external hardware.
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26. The on-vehicle multimedia device according to
claim 1, wherein said application control module in-
cludes an audio output right control portion having
functions of, when receiving audio output command
data from the application control module or the ap-
plication module, judging whether or not audio out-
put is possible, and if it is judged that audio output
is possible, then outputting audio from the external
hardware.

27. The on-vehicle multimedia device according to
claim 1, wherein said application control module in-
cludes:

a state transition detecting portion having func-
tions of, when receiving drawing right request
data from the application control module or the
application module, judging whether or not the
application control module or the application
module can perform drawing, and if it is judged
that drawing is possible, issuing drawing pos-
sible notification data to the application control
module or the application module; and
a drawing library for performing drawing on the
external hardware according to the drawing
command data from the application control
module or the application module which has re-
ceived the drawing possible notification data.

28. The on-vehicle multimedia device according to
claim 1, wherein said application control module in-
cludes:

a state transition detecting portion having func-
tions of, when receiving audio output right re-
quest data from the application control module
or the application module, judging whether or
not the application control module or the appli-
cation module can output audio, and if it is
judged that audio output is possible, issuing au-
dio output possible notification data to the ap-
plication control module or the application mod-
ule; and
an audio output library for outputting audio from
the external hardware according to audio out-
put command data from the application control
module or the application module which has re-
ceived the audio output possible notification
data.

29. The on-vehicle multimedia device according to
claim 1, further comprising a drawing library having
functions of, when receiving drawing command da-
ta from the application control module or the appli-
cation module, judging whether or not drawing is
possible, and if it is judged that drawing is possible,
performing drawing on the external hardware.

30. The on-vehicle multimedia device according to
claim 1, further comprising an audio output library
having functions of, when receiving audio output
command data from the application control module
or the application module, judging whether or not
audio output is possible, and if it is judged that audio
output is possible, outputting audio from the exter-
nal hardware.

31. The on-vehicle multimedia device according to
Claim 1, wherein said application control module in-
cludes:

a drawing control portion for performing draw-
ing on the external hardware; and
a screen data portion for storing screen data
required for the drawing.

32. The on-vehicle multimedia device according to
claim 1, wherein said application module includes:

a drawing control portion for performing draw-
ing on the external hardware; and
a screen data portion for storing screen data
required for the drawing.
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