IN-VEHICLE UNIT, IN-VEHICLE SYSTEM, AND VEHICLE

BACKGROUND
Technical Field
[0001] The present disclosure relates to an in-vehicle unit, an in-vehicle system, and a
vehicle.
Related Art
[0002] Japanese Patent Application Laid-Open (JP-A) No. H11-053289 (Patent Document 1)
proposes an information processing device. An expansion unit such as a peripheral device or
expansion board/card connected to the information processing device is provided with a
storage device used to hold software data, for example driver software. When this peripheral
device or the like is connected to the information processing device, the expansion software
data held in the storage device is read and forwarded to the information processing device.
The information processing device compares the version of the forwarded software data
against that of software data in its own storage device, and writes the more recent version of
the software data to memory for the expansion software data of the information processing
device to use in driving or information processing of the peripheral device or the like.
[0003] However, although Patent Document 1 is capable of installing software
corresponding to the connected hardware in order to enable the hardware to be used, if this
hardware is later disconnected and no longer used, the software remains in the information
processing device. There is room for improvement in this respect, since this is detrimental to

efficient usage of the storage capacity of the information processing device.

SUMMARY
[0004] In consideration of the above circumstances, the present disclosure provides an
in-vehicle unit, an in-vehicle system, and a vehicle capable of installing software
corresponding to connected hardware, and also enabling more efficient use of storage
capacity.
[0005] An in-vehicle unit according to a first aspect includes a detection section configured
to detect whether or not predetermined hardware is connected, a communication section
configured to perform external communication, and a control section configured to control so
as to receive software corresponding to the hardware via the communication section and
install the software in cases in which connection of the hardware has been detected by the
detection section, and to perform at least one type of processing out of compression

processing to compress the software or deletion processing to delete the software in cases in
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which non-connection of the hardware has been detected by the detection section.

[0006] According to the first aspect, the detection section detects whether or not the
predetermined hardware is connected, and the communication section performs
communication with an external server or the like.

[0007] In cases in which connection of the hardware has been detected by the detection
section, the control section controls so as to receive the software corresponding to the
hardware via the communication section and install the software. This enables retrofitted
hardware to be used.

[0008] In cases in which non-connection of the hardware has been detected by the detection
section, the control section performs at least one out of the compression processing to
compress the software or the deletion processing to delete the software. Namely, the
compression processing or deletion processing enables storage capacity to be secured in cases
in which the hardware has been disconnected and is no longer used, thereby enabling this
storage capacity to be used more efficiently.

[0009] Configuration may be made such that when performing the compression processing,
the control section performs the compression processing in cases in which a state of the
non-connection detected by the detection section satisfies a predetermined first condition.
This enables the storage capacity to be used more efficiently. Moreover, should the
hardware be reconnected, the software can easily be used again.

[0010] Configuration may be made such that when performing the compression processing
and the deletion processing, the control section performs the deletion processing in cases in
which a predetermined second condition has been satisfied after the first condition has been
satisfied. Software with a low usage frequency is thus deleted, enabling the storage capacity
to be used more efficiently.

[0011] Moreover, configuration may be made wherein the control section is configured to
adjust the second condition to a predetermined condition according to a storage capacity of a
storage section in which the software is stored, and then determine whether or not the adjusted
second condition has been met. This enables the deletion processing to be performed more
readily as the storage capacity decreases, thereby enabling the storage capacity to be used
more efficiently.

[0012] Moreover, configuration may be made wherein the control section is configured to
adjust the first condition to a predetermined condition according to a storage capacity of a
storage section in which the software is stored, and then determine whether or not the adjusted
first condition has been met. This enables the compression processing to be performed more

readily as the storage capacity decreases, thereby enabling the storage capacity to be used
2



more efficiently.

[0013] Moreover, configuration may be made wherein the control section further performs
decompression processing to decompress the software in cases in which connection of the
hardware has been detected by the detection section after the first condition has been satisfied.
This enables the software to easily be used again, without the need to reinstall the software
when the hardware is reconnected.

[0014] Moreover, configuration may be made wherein the control section performs at least
one out of the compression processing or deletion processing by external remote operation via
the communication section. This enables the capacity required to store compression and
deletion programs in the in-vehicle unit to be reduced, thus enabling the storage capacity to be
used even more efficiently.

[0015] Note that as in an eighth aspect, an in-vehicle system may be configured including a
detection section configured to detect whether or not predetermined hardware is connected to
an in-vehicle unit, an installer configured to control to install software corresponding to the
hardware in the in-vehicle unit in cases in which connection of the hardware has been
detected by the detection section, and a control section configured to perform at least one type
of processing out of compression processing to compress the software or deletion processing
to delete the software in cases in which non-connection of the hardware has been detected by
the detection section.

[0016] Moreover, as in a ninth aspect, a vehicle may be configured including a detection
section configured to detect whether or not predetermined hardware is connected, a
communication section configured to perform external communication, and a control section
configured to control so as to receive software corresponding to the hardware via the
communication section and install the software in cases in which connection of the hardware
has been detected by the detection section, and to perform at least one type of processing out
of compression processing to compress the software or deletion processing to delete the
software in cases in which non-connection of the hardware has been detected by the detection
section.

[0017] As described above, the present disclosure is capable of providing an in-vehicle unit,
an in-vehicle system, and a vehicle capable of installing software corresponding to connected

hardware, and also enabling more efficient use of storage capacity.

BRIEF DESCRIPTION OF DRAWINGS
[0018] Fig. 1 is a diagram illustrating a schematic configuration of an in-vehicle system

according to an exemplary embodiment.



Fig. 2 is a block diagram illustrating functional configurations of a server and an
in-vehicle unit of an in-vehicle system according to a first exemplary embodiment.

Fig. 3 is a flowchart illustrating an example of a flow of processing performed by an
in-vehicle unit of an in-vehicle system according to the first exemplary embodiment when
installing software corresponding to a retrofitted device connected to a device connection
section.

Fig. 4 is a flowchart illustrating an example of a flow of processing performed by an
in-vehicle unit of an in-vehicle system according to the first exemplary embodiment when
performing processing according to a connection state of a retrofitted device corresponding to
installed software.

Fig. 5 is a detailed block diagram illustrating functional configurations of a server
and an in-vehicle unit of an in-vehicle system according to a second exemplary embodiment.

Fig. 6 is a flowchart illustrating an example of a flow of processing performed by an
in-vehicle unit of an in-vehicle system according to the second exemplary embodiment when
performing processing according to a connection state of a retrofitted device corresponding to
installed software.

Fig. 7 is a flowchart illustrating an example of a flow of processing performed by a
server of an in-vehicle system according to the second exemplary embodiment when
performing processing according to a connection state of a retrofitted device corresponding to
installed software.

Fig. 8 is a flowchart illustrating an example of a flow of processing to adjust
respective conditions for meeting a first condition and a second condition according to a

remaining storage capacity of an in-vehicle unit.

DETAILED DESCRIPTION
[0019] Detailed explanation follows regarding examples of exemplary embodiments of the
present disclosure, with reference to the drawings. Fig. 1 is a diagram illustrating a
schematic configuration of an exemplary embodiment of an in-vehicle system.
[0020] As illustrated in Fig. 1, the in-vehicle system 10 according to the present exemplary
embodiments includes a server 12 and plural in-vehicle units 16, each connected together
through a communication network 18.
[0021] In the in-vehicle system 10 according to the present exemplary embodiment,
information is exchanged between the server 12 and the in-vehicle units 16 in order to
perform processing to enable the in-vehicle units 16, installed in plural vehicles 14, to connect

to and use retrofitted hardware. Specifically, in cases in which predetermined hardware is
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connected to the in-vehicle units 16, processing is performed to install a corresponding
application obtained from the server 12 in the in-vehicle unit 16 in order to enable use of the
retrofitted hardware.
[0022] When the retrofitted hardware has been disconnected from the corresponding
in-vehicle unit 16, the in-vehicle system 10 according to the present exemplary embodiment
further performs at least one type of processing out of processing to compress or processing to
delete the application corresponding to the retrofitted hardware that has been disconnected.
Note that although two of the vehicles 14 are illustrated in Fig. 1, a single vehicle 14, or three
or more of the vehicles 14, may be present.
[0023] First Exemplary Embodiment

Fig. 2 is a detailed block diagram illustrating functional configurations of the server
12 and the in-vehicle unit 16 of the in-vehicle system 10 according to a first exemplary
embodiment.
[0024] As illustrated in Fig. 2, each of the in-vehicle units 16 includes a control section 20, a
device connection section 22, a device connection detection section 24 (a hardware
connection detector, or a hardware connection detection circuit) serving as an example of a
detection section, a communication section 26 (a communication circuit, a communication
interface, a network interface), and a storage section 28.
[0025] The device connection section 22 connects to a retrofitted device 50, serving as
predetermined hardware, and exchanges information with the retrofitted device 50. Various
connection methods, for example a universal serial bus (USB), a universal asynchronous
receiver-transmitter (UART), or various wireless connection protocols, may be adopted for
the device connection section 22.
[0026] The device connection detection section 24 detects whether or not the retrofitted
device 50 is connected to the device connection section 22, and notifies the control section 20
of a detection result.
[0027] The communication section 26 establishes communication with the server 12 over
the communication network 18, and transmits and receives information to and from the server
12.
[0028] The storage section 28 is stored with various software, for example application
programs, drivers, and the like, that have been downloaded from the server 12 and installed,
as well as being stored with various data.
[0029] The control section 20 is configured by a generic microcomputer including a central
processing unit (CPU), read only memory (ROM), random access memory (RAM), and the

like. The control section 20 performs various processing relating to installation,
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compression, decompression, deletion, and the like of application programs, and also
performs processing according to installed applications.

[0030] Specifically, the control section 20 include the functionality of a compression
processing section 20A, a decompression processing section 20B, and a deletion processing
section 20C. The respective functionality of the control section 20 is implemented by the
CPU expanding a program stored in the ROM into the RAM, and executing this program.
[0031] In cases in which a predetermined first condition has been met, the compression
processing section 20A performs processing to compress the software, for example an
application or driver, that has been downloaded from the server 12 and installed in the storage
section 28 of the in-vehicle unit 16. The first condition may be a non-connection detection
count or a non-connection duration of the device corresponding to the software. For
example, determination may be made based on the detection result of the device connection
detection section 24 as to whether or not a non-connection detection count detected for the
device corresponding to the software is a predetermined first threshold value or greater, with
the first condition being met in cases in which the detected non-connection detection count is
the first threshold value or greater.  Alternatively, determination may be made based on the
detection result of the device connection detection section 24 as to whether or not a
non-connection duration detected for the device corresponding to the software is a
predetermined first threshold value or greater, with the first condition being met in cases in
which the detected non-connection duration is the first threshold value or greater.

[0032] The decompression processing section 20B performs processing to decompress
compressed software in cases in which the device corresponding to the software is connected
after the software has been compressed by the compression processing section 20A.

[0033] In cases in which a predetermined second condition has been met after the first
condition has been met, the deletion processing section 20C performs processing to delete
software installed in the in-vehicle unit 16 from the storage section 28. Similarly to the first
condition, the second condition may be a non-connection detection count or a non-connection
duration of the device corresponding to the software. For example, determination may be
made based on the detection result of the device connection detection section 24 as to whether
or not a non-connection detection count detected for the device corresponding to the software
is a predetermined second threshold value or greater, with the second condition being met in
cases in which the detected non-connection detection count is the second threshold value or
greater.  Alternatively, determination may be made based on the detection result of the
device connection detection section 24 as to whether or not a non-connection duration

detected for the device corresponding to the software is a predetermined second threshold
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value or greater, with the second condition being met in cases in which the detected
non-connection duration is the second threshold value or greater. Note that since the
software is deleted in cases in which the second condition has been met, the second condition
is preferably more difficult to meet than the first condition. Specifically, the second
threshold value for the second condition is preferably a higher threshold than the first
threshold value for the first condition.
[0034] The server 12 includes a central processing section 30, a central communication
section 40, and a database (DB) 42.
[0035] The central processing section 30 is configured by a generic microcomputer
including a CPU, ROM, RAM, and the like. The central processing section 30 includes the
functionality of a software introduction control section 30A, serving as an example of an
installer section. The functionality of the software introduction control section 30A of the
central processing section 30 is implemented by the CPU expanding a program stored in the
ROM into the RAM, and executing this program.
[0036] The software introduction control section 30A communicates with the in-vehicle unit
16 in order to when the retrofitted device 50 is connected to the in-vehicle unit 16 in order to
perform processing to read a corresponding application from the DB 42 and install this
application in the in-vehicle unit 16.
[0037] The central communication section 40 establishes communication with the respective
in-vehicle units 16 over the communication network 18, and transmits and receives various
information.
[0038] The DB 42 is a repository for various application programs, driver software, and the
like that may be installed in the in-vehicle units 16, as well as various data.
[0039] Next, explanation follows regarding specific processing performed by the various
sections of the in-vehicle system 10 according to the present exemplary embodiment
configured as described above.
[0040] First, explanation follows regarding processing performed by the in-vehicle units 16
when installing software corresponding to the retrofitted device 50 connected to the device
connection section 22.  Fig. 3 is a flowchart illustrating an example of a flow of processing
performed in the in-vehicle units 16 of the in-vehicle system 10 according to the present
exemplary embodiment when installing software corresponding to the retrofitted device 50
connected to the device connection section 22.  For example, the processing in Fig. 3 is
started when a switch such as an ignition switch is switched on in order to start up the
corresponding vehicle 14.
[0041] At step S100, the control section 20 detects a connection state of the retrofitted
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device 50 to the device connection section 22, and then processing transitions to step 102.
Namely, the control section 20 detects the connection state of the retrofitted device 50 based
on a detection result of the device connection detection section 24.

[0042] At step 102, the control section 20 determines whether or not connection of a device
has been detected. Processing transitions to step 104 in cases in which determination is
affirmative, and the processing routine is ended in cases in which determination is negative.
[0043] At step 104, the control section 20 determines whether or not software corresponding
to the connected retrofitted device 50 is missing. Determination is affirmative and
processing transitions to step 106 in cases in which software corresponding to the retrofitted
device 50 has not yet been installed. The processing routine is ended in cases in which the
software corresponding to the retrofitted device 50 has already been installed.

[0044] At step 1006, the control section 20 performs software installation processing, and
then the processing routine is ended. In the software installation processing, an installation
request for the software corresponding to the retrofitted device 50 is made to the server 12 via
the communication section 26, and the software introduction control section 30A of the server
12 transmits the software corresponding to the installation request to the corresponding
in-vehicle unit 16 and installs the software. The retrofitted device 50 is thus rendered usable.
[0045] Next, explanation follows regarding processing performed by the in-vehicle units 16
according to the connection state of the retrofitted device 50 corresponding to the software
installed as described above. Fig. 4 is a flowchart illustrating an example of a flow of
processing performed by the in-vehicle units 16 of the in-vehicle system 10 of the present
exemplary embodiment according to the connection state of the retrofitted device 50
corresponding to the installed software. Note that the processing in Fig. 4 is performed
following the processing in Fig. 3.

[0046] At step 200, the control section 20 detects a connection state of the device
corresponding to the installed software, and then processing transitions to step 202. Namely,
the control section 20 acquires a detection result from the device connection detection section
24 in order to detect whether or not the retrofitted device 50 corresponding to the installed
software is connected to the device connection section 22.

[0047] At step 202, the control section 20 determines whether or not non-connection has
been detected. This determination is determination based on the detection result regarding
the device connection state, and is determination as to whether or not the retrofitted device 50
corresponding to the installed software has been disconnected from the device connection
section 22.  Processing transitions to step 204 in cases in which this determination is

affirmative, and processing transitions to step 210 in cases in which determination is negative.
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[0048] At step 204, the control section 20 determines whether or not the software
corresponding to the retrofitted device 50 that has been disconnected from the device
connection section 22 is not yet compressed. This determination is determination as to
whether or not software compression processing, described later, is still to be performed.
Processing transitions to step 206 in cases in which this determination is affirmative, and
processing transitions to step 214 in cases in which determination is negative.

[0049] At step 200, the control section 20 determines whether or not the first condition
relating to non-connection detection has been met. For example, this determination is
determination as to whether or not the detection count or detection duration of the
non-connection of the retrofitted device 50 has reached the predetermined first threshold
value or greater. Processing transitions to step 208 in cases in which determination is
affirmative, and the processing routine is ended in cases in which determination is negative.
[0050] At step 208, the control section 20 performs the software compression processing and
then the processing routine is ended. The software compression processing is processing
performed by the compression processing section 20A to compress the software, for example
an application or driver, corresponding to the retrofitted device 50 in cases in which the first
condition relating to the non-connection detection has been satisfied. By compressing
unused software in this manner, the storage capacity of the control section 20 can be increased,
enabling this storage capacity to be used more efficiently. Moreover, should the retrofitted
device 50 be reconnected later, the software can easily be used again.

[0051] On the other hand, in cases in which the determination of step 202 is negative,
namely in cases in which connection of the retrofitted device 50 to the device connection
section 22 is detected and processing accordingly transitions to step 210, the control section
20 determines whether or not the software corresponding to the retrofitted device 50 that was
previously disconnected from the device connection section 22 has been compressed. This
determination is determination as to whether or not the software has been subjected to the
software compression processing at step 208 and compressed. Processing transitions to step
212 in cases in which determination is affirmative, and the processing routine is ended in
cases in which determination is negative.

[0052] At step 212, the control section 20 performs software decompression processing, and
then the processing routine is ended. In the software decompression processing, the
decompression processing section 20B performs processing to decompress the compressed
software, for example an application or driver, corresponding to the retrofitted device 50
connected to the device connection section 22.  Since the retrofitted device 50 is rendered

usable by decompressing the software once the retrofitted device 50 has been reconnected to
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the device connection section 22, the software can easily be used again, without the need to
reinstall.
[0053] In cases in which determination is negative at step 204, namely in cases in which the
software corresponding to the retrofitted device 50 that has been disconnected from the device
connection section 22 is already compressed and processing accordingly transitions to step
214, the control section 20 determines whether or not the second condition relating to
non-connection detection has been met. This determination is, for example, determination as
to whether or not the detection count or detection duration of non-connection of the retrofitted
device 50 has reached the predetermined second threshold value or greater. Processing
transitions to step 216 in cases in which determination is affirmative, and the processing
routine is ended in cases in which determination is negative.
[0054] At step 216, the control section 20 performs software deletion processing, and then
the processing routine is ended. In the software deletion processing, the deletion processing
section 20C performs processing to delete the software, for example an application or driver,
corresponding to the retrofitted device 50 in cases in which the second condition relating to
non-connection detection has been satisfied. Unnecessary software with a low usage
frequency and that is no longer used is thus uninstalled, enabling the storage capacity of the
control section 20 to be increased, and thereby enabling this storage capacity to be used more
efficiently.
[0055] Performing the processing described above enables compression, decompression, and
deletion of the software corresponding to the retrofitted device 50 to be performed as required,
thereby enabling the storage capacity of the in-vehicle unit 16 to be used more efficiently.
[0056] Second Exemplary Embodiment

Next, explanation follows regarding an in-vehicle system 11 according to a second
exemplary embodiment. Fig. 5 is a detailed block diagram illustrating functional
configurations of a server 12 and an in-vehicle unit 16 of the in-vehicle system 11 according
to the second exemplary embodiment. Note that configurations equivalent to those in Fig. 1
are allocated the same reference numerals, and detailed explanation thereof is omitted.
[0057] In the exemplary embodiment described previously, explanation was given regarding
an example in which the control section 20 of the in-vehicle unit 16 is provided with the
functionality of the compression processing section 20A, the decompression processing
section 20B, and the deletion processing section 20C. However, in the present exemplary
embodiment, the central processing section 30 of the server 12 is provided with the
functionality of a compression processing section 30B, a decompression processing section

30C, and a deletion processing section 30D.
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[0058] The compression processing section 30B accesses the corresponding in-vehicle unit
16 over the communication network 18 in response to a request from the in-vehicle unit 16,
and performs processing to compress software, for example an application or driver, by
wireless remote operation.

[0059] The decompression processing section 30C accesses the corresponding in-vehicle
unit 16 over the communication network 18 in response to a request from the in-vehicle unit
16, and performs processing to decompress compressed software, for example an application
or driver, by wireless remote operation.

[0060] The deletion processing section 30D accesses the corresponding in-vehicle unit 16
over the communication network 18 in response to a request from the in-vehicle unit 16, and
performs processing to delete software, for example an application or driver, by wireless
remote operation.

[0061] In the present exemplary embodiment, detection of non-connection of the retrofitted
device 50 is also performed by the central processing section 30 of the server 12. In the
present exemplary embodiment, explanation is given regarding an example in which meeting
of the second condition is determined on the server 12 side; however, meeting of the first
condition may also be determined on the server 12 side.

[0062] Next, explanation follows regarding specific processing performed by the respective
sections of the in-vehicle system 11 according to the present exemplary embodiment
configured as described above. Note that the processing performed by the in-vehicle unit 16
when installing software corresponding to the retrofitted device 50 connected to the device
connection section 22 is similar to that of the exemplary embodiment described previously,
and so explanation thereof is omitted.

[0063] Explanation follows regarding processing performed by the in-vehicle unit 16
according to the connection state of the retrofitted device 50 corresponding to the installed
software. Fig. 6 is a flowchart illustrating an example of a flow of processing performed by
the in-vehicle units 16 of the in-vehicle system 11 according to the present exemplary
embodiment according to the connection state of the retrofitted device 50 corresponding to the
installed software. Note that the processing in Fig. 6 is performed following the processing
in Fig. 3. Processing that matches that appearing in Fig. 4 is explained using the same
reference numerals.

[0064] At step 200, the control section 20 detects the connection state of a device
corresponding to installed software, and then processing transitions to step 201.  Namely, the
control section 20 acquires a detection result from the device connection detection section 24

in order to detect whether or not the retrofitted device 50 corresponding to the installed
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software is connected to the device connection section 22.

[0065] At step 201, the control section 20 notifies the server 12 of the detection result for the
device connection state, and then processing transitions to step 202.

[0066] At step 202, the control section 20 determines whether or not non-connection has
been detected. This determination is determination based on a detection result regarding the
device connection state, and is determination as to whether or not the retrofitted device 50
corresponding to the installed software has been disconnected from the device connection
section 22.  Processing transitions to step 204 in cases in which this determination is
affirmative, and processing transitions to step 210 in cases in which determination is negative.
[0067] At step 204, the control section 20 determines whether or not the software
corresponding to the retrofitted device 50 that has been disconnected from the device
connection section 22 is not yet compressed. This determination is determination as to
whether or not software compression processing, described later, is still to be performed.
Processing transitions to step 206 in cases in which this determination is affirmative, and
processing transitions to step 214 in cases in which determination is negative.

[0068] At step 2006, the control section 20 determines whether or not the first condition
relating to non-connection detection has been met. For example, this determination is
determination as to whether or not the detection count or detection duration of the
non-connection of the retrofitted device 50 has reached the predetermined first threshold
value or greater. Processing transitions to step 207 in cases in which determination is
affirmative, and the processing routine is ended in cases in which determination is negative.
[0069] At step 207, the control section 20 makes a software compression request to the
server 12, and then processing transitions to step 209.

[0070] At step 209, the control section 20 accepts compression processing from the server
12, and then the processing routine is ended. Namely, the software, for example an
application or driver corresponding to the retrofitted device 50 that has satisfied the first
condition relating to non-connection detection, is compressed by wireless remote operation by
the compression processing section 30B of the server 12. By compressing unused software
in this manner, the storage capacity of the control section 20 can be increased, enabling this
storage capacity to be used more efficiently. Moreover, should the retrofitted device 50 be
reconnected later, the software can easily be used again.

[0071] On the other hand, in cases in which the determination of step 202 is negative,
namely in cases in which connection of the retrofitted device 50 to the device connection
section 22 is detected and processing accordingly transitions to step 210, the control section

20 determines whether or not the software corresponding to the retrofitted device 50 that was
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previously disconnected from the device connection section 22 has been compressed. This
determination is determination as to whether or not the software has been subjected to the
software compression processing by the server 12 and compressed. Processing transitions to
step 211 in cases in which determination is affirmative, and the processing routine is ended in
cases in which determination is negative.

[0072] Atstep 211, the control section 20 makes a software decompression request to the
server 12, and then processing transitions to step 213.

[0073] At step 213, the control section 20 accepts decompression processing from the server
12, and then the processing routine is ended. Namely, the compressed software, for example
an application or driver corresponding to the retrofitted device 50 connected to the device
connection section 22, is decompressed by wireless remote operation by the decompression
processing section 30C of the server 12.  Since the retrofitted device 50 is rendered usable by
decompressing the software once the retrofitted device 50 has been reconnected to the device
connection section 22, the software can easily be used again, without the need to reinstall.
[0074] In cases in which determination is negative at step 204, namely in cases in which the
software corresponding to the retrofitted device 50 that has been disconnected from the device
connection section 22 is already compressed, processing accordingly transitions to step 215,
and the control section 20 determines whether or not a second-condition-met signal has been
received from the server 12. This determination is, for example, determination as to whether
or not a second-condition-met signal indicating that the detection count or detection duration
of non-connection of the retrofitted device 50 has reached the predetermined second threshold
value or greater has been received from the server 12. Processing transitions to step 217 in
cases in which determination is affirmative, and the processing routine is ended in cases in
which determination is negative.

[0075] At step 217, the control section 20 makes a software deletion request to the server 12,
and then processing transitions to step 219.

[0076] At step 219, the control section 20 accepts deletion processing from the server 12,
and then the processing routine is ended. Namely, the software, for example an application
or driver corresponding to the retrofitted device 50 that has satisfied the second condition
relating to non-connection detection, is deleted by wireless remote operation by the deletion
processing section 30D of the server 12. Unnecessary software with a low usage frequency
and that is no longer used is thus uninstalled, enabling the storage capacity of the control
section 20 to be increased, and thereby enabling this storage capacity to be used more
efficiently.

[0077] Next, explanation follows regarding processing performed by the server 12 according
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to the connection state of the retrofitted device 50 corresponding to installed software. Fig. 7
is a flowchart illustrating an example of a flow of processing performed by the server 12 of
the in-vehicle system 11 of the present exemplary embodiment according to the connection
state of the retrofitted device 50 corresponding to installed software. Note that the
processing in Fig. 7 is started when the server 12 has been notified of the detection result for
the connection state of the device at step 201, described above.

[0078] At step 300, the central processing section 30 receives the detection result for the
connection state of the retrofitted device 50 via the central communication section 40, and
then processing transitions to step 302.

[0079] At step 302, the central processing section 30 determines whether or not the received
detection result indicates a non-connected state. Processing transitions to step 304 in cases
in which determination is affirmative, and processing transitions to step 310 in cases in which
determination is negative.

[0080] At step 304, the central processing section 30 determines whether or not the second
condition relating to non-connection detection has been met. This determination is
determination as to whether or not the detection count or detection duration of non-connection
of the retrofitted device 50 has reached the predetermined second threshold value or greater,
for example based on the detection result for the connection state of the retrofitted device 50
received from the in-vehicle unit 16. Processing transitions to step 306 in cases in which
determination is negative, and processing transitions to step 314 in cases in which
determination is affirmative.

[0081] At step 306, the central processing section 30 determines whether or not the first
condition relating to non-connection detection has been met. This determination is
determination as to whether or not a software compression request from the in-vehicle unit 16
has been made at step 207. Processing transitions to step 308 in cases in which
determination is affirmative, and the processing routine is ended in cases in which
determination is negative.

[0082] At step 308, the central processing section 30 performs the software compression
processing, and then the processing routine is ended. In the software compression
processing performed in response to the request from the in-vehicle unit 16, the compression
processing section 30B accesses the in-vehicle unit 16 over the communication network 18
and performs processing to compress the software, for example an application or driver, by
wireless remote operation. By compressing unused software in this manner, the storage
capacity of the control section 20 can be increased, enabling this storage capacity to be used

more efficiently. Moreover, should the retrofitted device 50 be reconnected later, the
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software can easily be used again.

[0083] On the other hand, in cases in which the determination of step 302 is negative,
namely in cases in which the detection result for the connection state of the retrofitted device
50 received from the in-vehicle unit 16 indicates a connected state and processing accordingly
transitions to step 310, the central processing section 30 determines whether or not the
software corresponding to the retrofitted device 50 that has been disconnected from the device
connection section 22 has been compressed. This determination is determination as to
whether or not the software has been subjected to the software compression processing at step
308 and compressed. Processing transitions to step 312 in cases in which determination is
affirmative, and the processing routine is ended in cases in which determination is negative.
[0084] At step 312, the central processing section 30 performs the software decompression
processing, and then the processing routine is ended. In the software decompression
processing, in response to the request from the in-vehicle unit 16, the decompression
processing section 30C accesses the in-vehicle unit 16 over the communication network 18
and performs processing to decompress the compressed software, for example an application
or driver, by wireless remote operation.  Since the retrofitted device 50 is rendered usable by
decompressing the software once the retrofitted device 50 has been reconnected to the device
connection section 22, the software can easily be used again, without the need to reinstall.
[0085] Moreover, in cases in which the determination of step 304 is affirmative, namely in
cases in which the software corresponding to the retrofitted device 50 that has been
disconnected from the device connection section 22 has been compressed and also meets the
second condition relating to non-connection detection, processing accordingly transitions to
step 314 and the control section 20 transmits the second-condition-met signal indicating that
the second condition relating to non-connection detection has been met to the in-vehicle unit
16, and then processing transitions to step 316.  As a result, the corresponding in-vehicle unit
16 makes affirmative determination at step 215, described above.

[0086] At step 316, the central processing section 30 performs the software deletion
processing, and then the processing routine is ended. In the software deletion processing, in
response to the request from the in-vehicle unit 16, the deletion processing section 30D
accesses the in-vehicle unit 16 over the communication network 18 and performs processing
to delete the software, for example an application or driver, by wireless remote operation.
Unnecessary software with a low usage frequency and that is no longer used is thus
uninstalled, enabling the storage capacity of the control section 20 to be increased, and
thereby enabling this storage capacity to be used more efficiently.

[0087] In this manner, even when the functionality of the compression processing section
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30B, the decompression processing section 30C, and the deletion processing section 30D is
provided to the central processing section 30 of the server 12, compression, decompression,
and deletion of software corresponding to the retrofitted device 50 can be performed as
required, similarly to in the exemplary embodiment described previously, thus enabling the
storage capacity of the in-vehicle unit 16 to be used more efficiently.

[0088] Moreover, providing the functionality of the compression processing section 30B, the
decompression processing section 30C, and the deletion processing section 30D on the server
12 side enables the capacity required to store compression and deletion programs in the
in-vehicle unit 16 to be reduced, thus enabling the storage capacity to be used even more
efficiently.

[0089] Note that although fixed values may be employed as the threshold values (first
threshold value and second threshold value) for the detection count or detection duration of
non-connection of the retrofitted device 50, these being employed as examples of the first
condition and the second condition in the exemplary embodiments described above,
processing may be performed to adjust the conditions to be met according to the remaining
storage capacity of the in-vehicle unit 16, such that compression or deletion are performed
more readily as the storage capacity decreases. For example, the processing of Fig. 8 may be
introduced prior to the processing to determine whether or not the first condition has been met
and prior to the processing to determine whether or not the second condition has been met,
such that whether or not the first condition has been met and whether or not the second
condition has been met are determined after first deciding the threshold values for meeting
these conditions. Fig. 8 is a flowchart illustrating an example of a flow of processing to
adjust the conditions for meeting the first condition and the second condition according to the
remaining storage capacity of the in-vehicle unit 16.

[0090] Specifically, at step 400, either the control section 20 or the central processing
section 30 acquires the remaining storage capacity of the control section 20, and then
processing transitions to step 402.

[0091] At step 402, either the control section 20 or the central processing section 30
determines whether or not the remaining storage capacity is a predetermined threshold value
or greater. Processing transitions to step 404 in cases in which determination is affirmative,
and processing transitions to step 406 in cases in which determination is negative.

[0092] At step 404, either the control section 20 or the central processing section 30 sets
either the first threshold value (in cases in which determination is to be made as to whether or
not the first condition has been met) or the second threshold value (in cases in which

determination is to be made as to whether or not the second condition has been met) to a
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predetermined value A.

[0093] On the other hand, at step 406 either the control section 20 or the central processing
section 30 sets the first threshold value (in cases in which determination is to be made as to
whether or not the first condition has been met) or the second threshold value (in cases in
which determination is to be made as to whether or not the second condition has been met) to
a predetermined value B (A > B), such that compression or deletion are performed more
readily than when set to A.

[0094] Performing this processing to change the first condition and the second condition
according to the remaining storage capacity of the in-vehicle unit 16 enables compression and
deletion to be prioritized in order to secure capacity in cases in which the available capacity is
low.

[0095] Although the processing in Fig. 8 illustrates an example in which the threshold
values of the first condition and the second condition are adjusted between the two values A
and B, there is no limitation thereto. For example, three or more threshold values may be
provided for adjusting the conditions, and predetermined threshold values may be set
according to the remaining storage capacity of the in-vehicle unit 16 such that the threshold
values for the first condition and the second condition can each be adjusted between three or
more values. So doing enables compression or deletion processing to be performed more
readily as the remaining storage capacity decreases.

[0096] Note that although explanation has been given regarding examples in which the
compression processing, deletion processing, and decompression processing are all performed
on the in-vehicle unit 16 side in the first exemplary embodiment and on the server 12 side in
the second exemplary embodiment, there is no limitation thereto. For example, some out of
the compression processing, deletion processing, and decompression processing may be
performed on the in-vehicle unit 16 side, with the remaining processing being performed on
the server 12 side. Alternatively, plural servers may be provided such that the respective
processing is distributed between the in-vehicle units 16 and the plural servers in order to
reduce the processing load on each.

[0097] Although in the second exemplary embodiment explanation has been given regarding
an example in which determination as to whether or not the first condition has been met is
performed on the in-vehicle unit 16 side and determination as to whether or not the second
condition has been met is performed on the server 12 side, determination as to whether or not
the first condition has been met and determination as to whether or not the second condition
has been met may both be performed on the in-vehicle unit 16 side as in the first exemplary

embodiment. Alternatively, determination as to whether or not the first condition has been
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met and determination as to whether or not the second condition has been met may both be
performed on the server 12 side. Alternatively, determination as to whether or not the first
condition has been met may be performed on the server 12 side, and determination as to
whether or not the second condition has been met may be performed on the in-vehicle unit 16
side.

[0098] Although explanation has been given regarding examples in which the processing
performed by the respective sections of the in-vehicle system 10, 11 of the exemplary
embodiments described above is configured by software processing implemented by
executing programs, there is no limitation thereto. For example, the processing may be
performed using hardware such as a graphics processing unit (GPU), an application specific
integrated circuit (ASIC), or a field-programmable gate array (FPGA). Alternatively, the
processing may be performed using a combination of both software and hardware. In cases
in which processing is performed using software, programs may be distributed in a format
stored on various types of storage media.

[0099] The present disclosure is not limited to the above description, and obviously various
modifications may be implemented within a range not departing from the spirit of the present

disclosure.
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WHAT IS CLAIMED IS:

1. An in-vehicle unit comprising:

a detection section configured to detect whether or not predetermined hardware is
connected;

a communication section configured to perform external communication; and

a control section configured to control so as to receive software corresponding to the
hardware via the communication section and install the software in cases in which connection
of the hardware has been detected by the detection section, and to perform at least one type of
processing out of compression processing to compress the software or deletion processing to
delete the software in cases in which non-connection of the hardware has been detected by the

detection section.

2. The in-vehicle unit of claim 1, wherein when performing the compression processing, the
control section performs the compression processing in cases in which a state of the

non-connection detected by the detection section satisfies a predetermined first condition.

3. The in-vehicle unit of claim 2, wherein when performing the compression processing and
the deletion processing, the control section performs the deletion processing in cases in which
a predetermined second condition has been satisfied after the first condition has been

satisfied.

4. The in-vehicle unit of claim 3, wherein the control section is configured to adjust the
second condition to a predetermined condition according to a storage capacity of a storage
section in which the software is stored, and then determine whether or not the adjusted second

condition has been met.

5. The in-vehicle unit of any one of claim 2 to claim 4, wherein the control section is
configured to adjust the first condition to a predetermined condition according to a storage
capacity of a storage section in which the software is stored, and then determine whether or

not the adjusted first condition has been met.

6. The in-vehicle unit of any one of claim 2 to claim 5, wherein the control section further
performs decompression processing to decompress the software in cases in which connection

of the hardware has been detected by the detection section after the first condition has been
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satisfied.

7. The in-vehicle unit of any one of claim 1 to claim 6, wherein the control section performs
at least one out of the compression processing or deletion processing by external remote

operation via the communication section.

8. An in-vehicle system comprising:

a detection section configured to detect whether or not predetermined hardware is
connected to an in-vehicle unit;

an installer configured to control to install software corresponding to the hardware in
the in-vehicle unit in cases in which connection of the hardware has been detected by the
detection section; and

a control section configured to perform at least one type of processing out of
compression processing to compress the software or deletion processing to delete the software

in cases in which non-connection of the hardware has been detected by the detection section.

9. A vehicle comprising:

a detection section configured to detect whether or not predetermined hardware is
connected;

a communication section configured to perform external communication; and

a control section configured to control so as to receive software corresponding to the
hardware via the communication section and install the software in cases in which connection
of the hardware has been detected by the detection section, and to perform at least one type of
processing out of compression processing to compress the software or deletion processing to
delete the software in cases in which non-connection of the hardware has been detected by the

detection section.
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