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(57) Abstract: A method for processing and presenting information to a vehicle occupant via a vehicle interface system is provided.
The method includes presenting information to the vehicle occupant via at least one electronic display of the vehicle interface system
and running a plurality of sottware applications on the vehicle interface system. The method further includes connecting a user
device to the vehicle interface system and identifying a non-vehicle-specitic version of one of the plurality of software applications
installed on the user device. The method further includes installing a vehicle-specitfic version of the identified software application
on the vehicle interface system in response to identifying the non-vehicle-specific version of the software application installed on the
user device.
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PRESENTING AND INTERACTING WITH AUDIO-VISUAL
CONTENT IN A VEHICLE

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application No. 61/924,223 filed January 6, 2014, the entirety of which is incorporated by

reference herein.
BACKGROUND

[0002] The present disclosure relates generally to vehicle interface systems. The present
disclosure relates more particularly to systems and methods for generating and presenting a

user interface in a vehicle.

[0003] Vchicles are often equipped with driver information and entertainment systems.
Such systems can have one or more graphical user interfaces, which serve to make
information available to a vehicle occupant. These interfaces often allow the vehicle
occupant to call up data or enter commands. Vehicle occupants typically have the ability to
control entertainment content through these systems. For example, a radio control interface

in a vehicle allows a vehicle occupant to tune a radio station.

[0004] Some vehicle interfaces provide vehicle occupants with navigational tools, such as
allowing the user to enter a destination address and then showing directions to the user for
arriving at the destination location. Such functionality has often been informed by Global
Positioning System data. Other displays are sometimes provided to vehicle occupants to
provide vehicle information such as fuel level, oil temperature, etc. Such other displays

may or may not be integrated with driver information and entertainment systems.
SUMMARY

[0005] One implementation of the present disclosure is a method for processing and
presenting information to a vehicle occupant via a vehicle interface system. The method
includes presenting information to the vehicle occupant via at least one electronic display of
the vehicle interface system, running a plurality of software applications on the vehicle
interface system, and connecting a user device to the vehicle interface system. The method
further includes identifying a non-vehicle-specific version of one of the plurality of software
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applications installed on the user device and installing a vehicle-specific version of the
identified software application on the vehicle interface system in response to identifying the

non-vehicle-specific version of the software application installed on the user device.

[0006] Insome embodiments, the method includes partitioning a display field of the at
least one electronic display into a plurality of virtual operating fields and assigning each of
the plurality of virtual operating fields to display information for one of the plurality of
software applications. Assigning each of the plurality of virtual operating fields may
include assigning at least one of the virtual operating fields to display information from the
vehicle-specific-version of the identified software application. In some embodiments, each
of the plurality of virtual operating fields covers a non-overlapping portion of the display

field.

[0007] In some embodiments, the method includes searching an applications database for
a vehicle-specific version of the identified software application and downloading the
vehicle-specific version of the identified software application to the vehicle interface system

from the applications database.

[0008] Insome embodiments, the method includes presenting, via the electronic display, a
prompt for the vehicle occupant to select whether to install the vehicle-specific version of
the identified software application on the vehicle interface system. The vehicle-specific
version of the identified software application may be installed on the vehicle interface
system in response the vehicle occupant selecting to install the vehicle-specific version of

the identified software application via the prompt.

[0009] In some embodiments, the method includes determining that credentials are
required to install the vehicle-specific version of the identified software application,
automatically obtaining the credentials from at least one of the user device and the vehicle
interface system, and using the credentials to install the vehicle-specific version of the

identified software application.

[0010] Another implementation of the present disclosure is a method for processing and
presenting information to a vehicle occupant via a vehicle interface system. The method
includes presenting information to the vehicle occupant via at least one electronic display of
the vehicle interface system, running a plurality of software applications on the vehicle
interface system, and connecting a user device to the vehicle interface system. The method
further includes receiving, at the vehicle interface system, control signals from the user

-
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device. The control signals are based on input from the vehicle occupant using the user
device as a control apparatus. The method further includes adjusting the information
presented via the at least one electronic display in response to receiving the control signals

from the user device.

[0011] In some embodiments, the method includes partitioning a display field of the at
least one electronic display into a plurality of virtual operating fields and assigning each of
the plurality of virtual operating fields to display information for one of the plurality of
software applications. In some embodiments, each of the plurality of virtual operating

fields covers a non-overlapping portion of the display field.

[0012] In some embodiments, the method includes querying the vehicle occupant
regarding whether to use the user device as a control apparatus and configuring the vehicle
interface system to accept control signals from the user device in response to the vehicle

occupant selecting to use the user device as a control apparatus.

[0013] In some embodiments, the method includes transmitting a user interface to the user
device. The user interface provides an overview of the plurality of software applications
running on the vehicle interface system and allows the vehicle occupant to interact with the

plurality of software applications via the user device.

[0014] In some embodiments, the method includes assigning each of a plurality of virtual
operating fields to display information for one of the plurality of software applications,
displaying a first of the virtual operating fields using the electronic display of the vehicle
interface system, and displaying a second of the virtual operating fields using an electronic

display of the user device.

[0015] Insome embodiments, the method includes using computational resources of the
user device to support the plurality of software applications provided by the vehicle

interface system.

[0016] Another implementation of the present disclosure is a method for processing and
presenting information to a vehicle occupant via a vehicle interface system. The method
includes presenting information to the vehicle occupant via at least one electronic display of
the vehicle interface system, running a plurality of software applications on the vehicle
interface system, and partitioning a display field of the at least one electronic display into a
plurality of virtual operating fields. The method further includes assigning a first software

application of the plurality of software applications to a first virtual operating field of the
3
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plurality of virtual operating fields and selecting a layout for the first software application

based on a layout of the first virtual operating field.

[0017] Insome embodiments, the method includes assigning each of the plurality of
virtual operating fields to display information for one of the plurality of software
applications and displaying information from the plurality of software applications in the

assigned virtual operating fields.

[0018] Insome embodiments, the method includes determining whether a current layout
of the first software application fits a current layout of the first virtual operating field and
reformatting the current layout of the first software application to improve a fit of the first
software application to the first virtual operating field. Reformatting the current layout of
the first software application may include rearranging content of the first software

application to fit at least one of a size and an aspect ratio of the first virtual operating field.

[0019] In some embodiments, the method includes determining whether a current layout
of the first software application fits a current layout of the first virtual operating field and
reformatting the current layout of the first virtual operating field to improve a fit of the first
software application to the first virtual operating field. Reformatting the current layout of
the first virtual operating field may include at least one of resizing, repositioning, and
adjusting an aspect ratio of the first virtual operating field to fit the current layout of the first

software application.

[0020] Those skilled in the art will appreciate that the summary is illustrative only and is
not intended to be in any way limiting. Other aspects, inventive features, and advantages of
the devices and/or processes described herein, as defined solely by the claims, will become
apparent in the detailed description set forth herein and taken in conjunction with the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1A is a drawing of a vehicle in which embodiments of the present invention

may be implemented, according to an exemplary embodiment.

[0022] FIG. 1B is a block diagram of an audio-visual system which may be implemented

in the vehicle of FIG. 1A, according to an exemplary embodiment.
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[0023] FIG. 1C is a block diagram illustrating the system architecture for the audio-visual

system of FIG. 1B, according to an exemplary embodiment.

[0024] FIGS. 1D-1E are flowcharts of processes for using the audio-visual system of FIG.

1C, according to an exemplary embodiment.

[0025] FIG. IF is a block diagram of a vehicle interface system including a multi-core

processing environment, according to an exemplary embodiment.

[0026] FIG. 1G is a block diagram illustrating the multi-core processing environment of

FIG. IF in greater detail, according to an exemplary embodiment.

[0027] FIGS. 2A-2C illustrate an audio-visual system with various display apparatuses
which may be used in conjunction with the present invention, according to an exemplary

embodiment.

[0028] FIGS. 3A-3F illustrate various input apparatuses which may be used in
conjunction with the audio-visual system of FIGS. 2A-2C, according to an exemplary

embodiment.

[0029] FIGS. 4A-4F illustrate virtual operating fields on a display apparatus, according to

an exemplary embodiment.

[0030] FIGS. 4G-4H are flowcharts of processes for changing the applications that are
displayed on the display apparatus of FIGS. 4A-4H, according to an exemplary

embodiment.

[0031] FIGS. SA-5F illustrate virtual operating fields on another display apparatus,

according to an exemplary embodiment.

[0032] FIGS. 5G-5H are flowcharts of processes for changing the applications that are
displayed on the display apparatus of FIGS. SA-5F, according to an exemplary embodiment.

[0033] FIGS. 6A-6B illustrate virtual operating fields on another display apparatus,

according to an exemplary embodiment.

[0034] FIGS. 7A-7D illustrate the assignment of virtual operating fields to applications
performed by the vehicle interface system of the present invention, according to an

exemplary embodiment.
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[0035] FIGS. 8A-8C illustrate the changing of focus on virtual operating spaces and items
in those spaces performed by the vehicle interface system of the present invention,

according to an exemplary embodiment.

[0036] FIGS. 9A-9E illustrate a touch sensor configured to receive various user inputs,

according to an exemplary embodiment.

[0037] FIGS. 10A-101 illustrate interfaces for receiving user input and processes for

making selections based on that input, according to an exemplary embodiment.

[0038] FIGS. 11A-11B illustrate the presentation of popups and warning notifications
performed by the vehicle interface system of the present invention, according to an

exemplary embodiment.

[0039] FIG. 12A is a flowchart of a process for managing applications and distributing the

display of applications across display apparatuses, according to an exemplary embodiment.

[0040] FIG. 12B is a drawing of an interface for application management that may be
generated by the vehicle interface system of the present invention, according to an

exemplary embodiment.

[0041] FIG. 13 illustrates an exemplary configuration of an audio-visual system for
allowing provision of applications to input/output devices, according to an exemplary

embodiment.

[0042] FIG. 14 is a flowchart of a process for sharing audio-visual system information

between multiple vehicles, according to an exemplary embodiment.

[0043] FIG. 15 is a flowchart of a process for loading software applications onto an audio-

visual system, according to an exemplary embodiment.

[0044] FIG. 16 is a flowchart of a process for using a user device as an input control

device for an audio-visual system, according to an exemplary embodiment.

[0045] FIG. 17 is a flowchart of a process for selecting an appropriate application layout

in an audio-visual system, according to an exemplary embodiment.

[0046] FIG. 18 is a flowchart of a process for controlling the display of content in an

audio-visual system, according to an exemplary embodiment.
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DETAILED DESCRIPTION

[0047] The following detailed description explains various embodiments of the invention.
These embodiments are merely illustrative, and those of skill in the art will recognize that

other embodiments fall within the scope of the invention.

[0048] Referring now to FIG. 1A, an exemplary automobile 1 is shown. The features of
the embodiments described herein may be implemented for a vehicle such as automobile 1.
The embodiments described herein advantageously provide improved display functionality
for a driver or passengers of automobile 1. The embodiments further provide improved
control to a driver or passenger of automobile 1 over various electronic and mechanical

systems of automobile 1.

[0049] Referring now to FIG. 1B, a simplified block diagram of an audio-visual system
100 is shown, according to some embodiments of the present invention. As shown, audio-
visual system 100 contains input devices 110, processing modules 120, and output devices
130. Audio-visual system 100 may further contain other components. Audio-visual system
100 may be implemented as a system including hardware and/or software for controlling the

hardware, installed in automobile 1.

[0050] Referring now to FIG. 1C a system architecture for audio-visual system 100 is
shown, according to some embodiments of the present invention. As shown, audio-visual
system 100 may contain a variety of hardware and software structures having horizontal

layering relationships and vertical compartmentalizing relationships.

[0051] Atalow level, audio-visual system 100 may include a system-on-a-chip (“SoC”)
layer 140, or some other hardware layer containing features of hardware processors,
memory devices, graphics processing devices, and other electronics. In the exemplary
hardware architecture of FIG. 1C, SoC layer 140 contains four processor cores (shown as A,
B, C, and D) that are capable of executing digital signals as part of audio-visual system 100.
In other embodiments, SoC layer 140 may be implemented by other hardware
configurations. For example, the function of SoC layer 140 may be performed using one or
more processers located on a single or multiple motherboards of a general purpose
computing device, remote computational assets such as servers which deliver computational

information to audio-visual system 100, etc.
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[0052] Running on SoC layer 140 is hardware virtualization layer 142. Hardware
virtualization layer 142 may include software for controlling access to SoC layer 140 and its
processor cores. Higher-level software layers can run compartmentalized on single
processor cores without interrupting operation of other compartmentalized software running

on other processor cores of SoC layer 140.

[0053] Running on hardware virtualization layer 142 is operating system layer 144.
Operating system layer 144 may include multiple independent instances of operating
systems executed simultaneously. This functionality may be enabled based on the
previously mentioned capabilities of hardware virtualization layer 142 to compartmentalize
higher-level software operations. As an example, operating system layer 144 may include a
first instance of a Linux operating system, an second instance of a Linux operating system,
an instance of an Android operating system, and an instance of a QNX automotive operating
system. Each operating system may run simultaneously and independent of one another.
Hardware virtualization layer 142 may facilitate this simultaneous and independent
operation of four operating system instances by functionally compartmentalizing each
operating system to run independently and exclusively on its own processor core in SoC
layer 140.

[0054] Running on operating system layer 144 is functional layer 146. Functional layer
146 may include various software applications performing functions related to automobile
1, the passengers of automobile 1, entertainment content, or various other functions of
audio-visual system 100. Functional layer 146 may be compartmentalized so that software
applications of a similar type or variety are grouped together. By way of example, a first
functional application (functional application A) may contain software applications related
to an instrument cluster or a head-up display device. A second functional application
(functional application B) may contain software applications related to the mechanical
operation of automobile 1. A third functional application (functional application C) may
contain software related to entertainment content. A fourth functional application
(functional application D) may contain software related to providing network or cloud based

services to automobile 1 or a passenger of automobile 1.

[0055] The exemplary audio-visual system 100 of FIG. 1C contains a user interface layer
148 that provides various capabilities for interacting with the user. User interface layer 148

may include user interface technologies such as reception of touch sensor input, reception of

8-
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voice commands, etc. Audio-visual system 100 of FIG. 1C further contains display

apparatuses 150 for providing various means of output to a passenger of the automobile 1.

[0056] In some embodiments, audio-visual system 100 may include additional
computational hardware for performing other general tasks discussed herein (e.g., executing
code, handing input, generating output, etc. for a customization menu; communicating with
devices other than audio-visual system 100 such as mobile computing devices, servers,
etc.). In other embodiments, the general tasks described herein may be performed by one or

more processor Cores.

[0057] Referring now to FIGS. 1D-1E, exemplary processes for using audio-visual system
100 are shown, according to some embodiments of the present invention. As shown in FIG.
1D, a process begins at step 180 where audio-visual system 100 generates a display of
information including a first functional area of the display and a second functional area of
the display. At step 181, audio-visual system 100 receives user input relating to the first
functional area of the display. At step 182, audio-visual system 100 processes the user input
at an operating system and a first process core that is assigned to the first functional area.

At step 183, audio-visual system 100 generates a new display of information for the first

functional area without interrupting functionality of the second functional area.

[0058] As shown in FIG. 1E, a process begins at step 190 where audio-visual system 100
generates a display of information including a plurality of functional areas. At step 191,
audio-visual system 100 receives user input relating to a new functional area not already a
part of the display of information. At step 192, audio-visual system 100 determines a new

configuration for the display of information so as to include the new functional area.

[0059] Referring now to FIG. 1F, a vehicle interface system 301 is shown, according to an
exemplary embodiment. Vehicle interface system 301 includes connections between a
multi-core processing environment 400 and input/output devices, connections, and/or
elements. Multi-core processing environment 400 may provide the system architecture for
an in-vehicle audio-visual system, as previously described. Multi-core processing
environment 400 may include a variety of computing hardware components (e.g.,
processors, integrated circuits, printed circuit boards, random access memory, hard disk
storage, solid state memory storage, communication devices, etc.). In some embodiments,
multi-core processing environment 400 manages various inputs and outputs exchanged

between applications running within multi-core processing environment 400 and/or various

9.
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peripheral devices (e.g., devices 303-445) according to the system architecture. Multi-core
processing environment 400 may perform calculations, run applications, manage vehicle

interface system 301, preform general processing tasks, run operating systems, etc.

[0060] Multi-core processing environment 400 may be connected to connector hardware
which allows multi-core processing environment 400 to receive information from other
devices or sources and/or send information to other devices or sources. For example, multi-
core processing environment 400 may send data to or receive data from portable media
devices, data storage devices, servers, mobile phones, etc. which are connected to multi-
core processing environment 400 through connector hardware. In some embodiments,
multi-core processing environment 400 is connected to an apple authorized connector 303.
Apple authorized connector 303 may be any connector for connection to an APPLE®
product. For example, apple authorized connector 303 may be a firewire connector, 30-pin

APPLE® device compatible connector, lightning connector, etc.

[0061] In some embodiments, multi-core processing environment 400 is connected to a
Universal Serial Bus version 2.0 (“USB 2.0”") connector 305. USB 2.0 connector 305 may
allow for connection of one or more device or data sources. For example, USB 2.0
connector 305 may include four female connectors. In other embodiments, USB 2.0
connector 305 includes one or more male connectors. In some embodiments, multi-core
processing environment 400 is connected with a Universal Serial Bus version 3.0 (“USB
3.0”) connector 307. As described with reference to USB 2.0 connector 305, USB 3.0
connector 307 may include one or more male or female connections to allow compatible

devices to connect.

[0062] In some embodiments, multi-core processing environment 400 is connected to one
or more wireless communications connections 309. Wireless communications connection
309 may be implemented with additional wireless communications devices (e.g.,
processors, antennas, etc.). Wireless communications connection 309 allows for data
transfer between multi-core processing environment 400 and other devices or sources. For
example, wireless communications connection 309 may allow for data transfer using
infrared communication, Bluetooth communication such as Bluetooth 3.0, ZigBee
communication, Wi-Fi communication, communication over a local area network and/or

wireless local area network, etc.

-10-
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[0063] In some embodiments, multi-core processing environment 400 is connected to one
or more video connectors 311. Video connector 311 allows for the transmission of video
data between devices/sources and multi-core processing environment 400 is connected. For
example, video connector 311 may be a connector or connection following a standard such
as High-Definition Multimedia Interface (HDMI), Mobile High-definition Link (MHL), etc.
In some embodiments, video connector 311 includes hardware components which facilitate
data transfer and/or comply with a standard. For example, video connector 311 may
implement a standard using auxiliary processors, integrated circuits, memory, a mobile

Industry Processor Interface, etc.

[0064] In some embodiments, multi-core processing environment 400 is connected to one
or more wired networking connections 313. Wired networking connections 313 may
include connection hardware and/or networking devices. For example, wired networking

connection 313 may be an Ethernet switch, router, hub, network bridge, etc.

[0065] Multi-core processing environment 400 may be connected to a vehicle control 315.
In some embodiments, vehicle control 315 allows multi-core processing environment 400 to
connect to vehicle control equipment such as processors, memory, sensors, etc. used by the
vehicle. For example, vehicle control 315 may connect multi-core processing environment
400 to an engine control unit, airbag module, body controller, cruise control module,
transmission controller, etc. In other embodiments, multi-core processing environment 400
is connected directly to computer systems, such as the ones listed. In such a case, vehicle
control 315 is the vehicle control system including elements such as an engine control unit,
onboard processors, onboard memory, etc. Vehicle control 315 may route information form
additional sources connected to vehicle control 315. Information may be routed from
additional sources to multi-core processing environment 400 and/or from multi-core

processing environment 400 to additional sources.

[0066] In some embodiments, vehicle control 315 is connected to one or more Local
Interconnect Networks (LIN) 317, vehicle sensors 319, and/or Controller Area Networks
(CAN) 321. LIN 317 may follow the LIN protocol and allow communication between
vehicle components. Vehicle sensors 319 may include sensors for determining vehicle
telemetry. For example, vehicle sensors 319 may be one or more of gyroscopes,
accelerometers, three dimensional accelerometers, inclinometers, etc. CAN 321 may be

connected to vehicle control 315 by a CAN bus. CAN 321 may control or receive feedback

-11-
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from sensors within the vehicle. CAN 321 may also be in communication with electronic
control units of the vehicle. In other embodiments, the functions of vehicle control 315 may
be implemented by multi-core processing environment 400. For example, vehicle control
315 may be omitted and multi-core processing environment 400 may connect directly to

LIN 317, vehicle sensors 319, CAN 321, or other components of a vehicle.

[0067] Insome embodiments, vehicle interface system 301 includes a systems module
323. Systems module 323 may include a power supply and/or otherwise provide electrical
power to vehicle interface system 301. Systems module 323 may include components
which monitor or control the platform temperature. Systems module 323 may also perform

wake up and/or sleep functions.

[0068] Still referring to FIG. 1F, multi-core processing environment 400 may be
connected to a tuner control 325. In some embodiments, tuner control 325 allows multi-
core processing environment 400 to connect to wireless signal receivers. Tuner control 325
may be an interface between multi-core processing environment 400 and wireless
transmission receivers such as FM antennas, AM antennas, etc. Tuner control 325 may
allow multi-core processing environment 400 to receive signals and/or control receivers. In
other embodiments, tuner control 325 includes wireless signal receivers and/or antennas.
Tuner control 325 may receive wireless signals as controlled by multi-core processing
environment 400. For example, multi-core processing environment 400 may instruct tuner

control 325 to tune to a specific frequency.

[0069] In some embodiments, tuner control 325 is connected to one or more FM and AM
sources 327, Digital Audio Broadcasting (DAB) sources 329, and/or one or more High
Definition (HD) radio sources 331. FM and AM source 327 may be a wireless signal. In
some embodiments, FM and AM source 327 may include hardware such as receivers,
antennas, etc. DAB source 329 may be a wireless signal utilizing DAB technology and/or
protocols. In other embodiments, DAB source 329 may include hardware such as an
antenna, receiver, processor, etc. HD radio source 331 may be a wireless signal utilizing
HD radio technology and/or protocols. In other embodiments, HD radio source 331 may

include hardware such as an antenna, receiver, processor, etc.

[0070] In some embodiments, tuner control 325 is connected to one more amplifiers 333.
Amplifier 333 may receive audio signals from tuner control 325. Amplifier 333 amplifies

the signal and outputs it to one or more speakers. For example, amplifier 333 may be a four

-12-
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channel power amplifier connected to one or more speakers (e.g., 4 speakers). In some
embodiments, multi-core processing environment 400 may send an audio signal (e.g.,
generated by an application within multi-core processing environment 400) to tuner control

325, which in turn sends the signal to amplifier 333.

[0071] Still referring to FIG. 1F, multi-core processing environment 400 may connected
to connector hardware 335-445 which allows multi-core processing environment 400 to
receive information from media sources and/or send information to media sources. In other
embodiments, multi-core processing environment 400 may be directly connected to media
sources, have media sources incorporated within multi-core processing environment 400,

and/or otherwise receive and send media information.

[0072] In some embodiments, multi-core processing environment 400 is connected to one
or more DVD drives 335. DVD drive 335 provides DVD information to multi-core
processing environment 400 from a DVD disk inserted into DVD drive 335. Multi-core
processing environment 400 may control DVD drive 335 through the connection (e.g., read
the DVD disk, eject the DVD disk, play information, stop information, etc.) In further
embodiments, multi-core processing environment 400 uses DVD drive 335 to write data to
a DVD disk.

[0073] In some embodiments, multi-core processing environment 400 is connected to one
or more Solid State Drives (SSD) 337. In some embodiments, multi-core processing
environment 400 is connected directly to SSD 337. In other embodiments, multi-core
processing environment 400 is connected to connection hardware which allows the removal
of SSD 337. SSD 337 may contain digital data. For example, SSD 337 may include
images, videos, text, audio, applications, etc. stored digitally. In further embodiments,
multi-core processing environment 400 uses its connection to SSD 337 in order to store

information on SSD 337.

[0074] In some embodiments, multi-core processing environment 400 is connected to one
or more Secure Digital (SD) card slots 339. SD card slot 339 is configured to accept an SD
card. In some embodiments, multiple SD card slots 339 are connected to multi-core
processing environment 400 that accept different sizes of SD cards (e.g., micro, full size,
etc.). SD card slot 339 allows multi-core processing environment 400 to retricve

information from an SD card and/or to write information to an SD card. For example,

13-
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multi-core processing environment 400 may retrieve application data from the above

described sources and/or write application data to the above described sources.

[0075] In some embodiments, multi-core processing environment 400 is connected to one
or more video decoders 441. Video decoder 441 may provide video information to multi-
core processing environment 400. In some embodiments, multi-core processing
environment 400 may provide information to video decoder 441 which decodes the

information and sends it to multi-core processing environment 400.

[0076] In some embodiments, multi-core processing environment 400 is connected to one
or more codecs 443. Codecs 443 may provide information to multi-core processing
environment 400 allowing for encoding or decoding of a digital data stream or signal.
Codec 443 may be a computer program running on additional hardware (e.g., processors,
memory, etc.). In other embodiments, codec 443 may be a program run on the hardware of
multi-core processing environment 400. In further embodiments, codec 443 includes
information used by multi-core processing environment 400. In some embodiments, multi-
core processing environment 400 may retrieve information from codec 443 and/or provide

information (e.g., an additional codec) to codec 443.

[0077] In some embodiments, multi-core processing environment 400 connects to one or
more satellite sources 445. Satellite source 445 may be a signal and/or data received from a
satellite. For example, satellite source 445 may be a satellite radio and/or satellite television
signal. In some embodiments, satellite source 445 is a signal or data. In other
embodiments, satellite source 445 may include hardware components such as antennas,

receivers, processors, etc.

[0078] Still referring to FIG. 1F, multi-core processing environment 400 may be
connected to input/output devices 441-453. Input/output devices 441-453 may allow multi-
core processing environment 400 to display information to a user. Input/output devices
441-453 may also allow a user to provide multi-core processing environment 400 with

control inputs.

[0079] In some embodiments, multi-core processing environment 400 is connected to one
or more CID displays 447. Multi-core processing environment 400 may output images,
data, video, etc. to CID display 447. For example, an application running within multi-core
processing environment 400 may output to CID display 447. In some embodiments, CID
display 447 may send input information to multi-core processing environment 400. For
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example, CID display 447 may be touch enabled and send input information to multi-core

processing environment 400.

[0080] In some embodiments, multi-core processing environment 400 is connected to one
or more ICD displays 449. Multi-core processing environment 400 may output images,
data, video, etc. to ICD display 449. For example, an application running within multi-core
processing environment 400 may output to ICD display 449. In some embodiments, ICD
display 449 may send input information to multi-core processing environment 400. For
example, ICD display 449 may be touch enabled and send input information to multi-core

processing environment 400.

[0081] In some embodiments, multi-core processing environment 400 is connected to one
or more HUD displays 451. Multi-core processing environment 400 may output images,
data, video, etc. to HUD displays 451. For example, an application running within multi-
core processing environment 400 may output to HUD displays 451. In some embodiments,

HUD displays 451 may send input information to multi-core processing environment 400.

[0082] In some embodiments, multi-core processing environment 400 is connected to one
or more rear seat displays 453. Multi-core processing environment 400 may output images,
data, video, etc. to rear seat displays 453. For example, an application running within multi-
core processing environment 400 may output to rear seat displays 453. In some
embodiments, rear seat displays 453 may send input information to multi-core processing
environment 400. For example, rear seat displays 453 may be touch enabled and send input

information to multi-core processing environment 400.

[0083] In further embodiments, multi-core processing environment 400 may also receive
inputs from other sources. For example multi-core processing environment 400 may
receive inputs from hard key controls (e.g., buttons, knobs, switches, etc.). In some
embodiments, multi-core processing environment 400 may also receive inputs from
connected devices such as personal media devices, mobile phones, etc. In additional

embodiments, multi-core processing environment 400 may output to these devices.

[0084] Referring now to FIG. 1G, various operational modules running within multi-core

processing environment 400 are shown, according to an exemplary embodiment. The

operational modules are used in order to generate application images (e.g., graphic output)

for display on display devices within the vehicle. Application images may include frame

buffer content. The operational modules may be computer code stored in memory and
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executed by computing components of multi-core processing environment 400 and/or
hardware components. The operational modules may be or include hardware components.
In some embodiments, the operational modules illustrated in FIG. 1G are implemented on a

single core of multi-core processing environment 400.

[0085] In some embodiments, multi-core processing environment 400 includes system
configuration module 341. System configuration module 341 may store information related
to the system configuration. For example, system configuration module 341 may include
information such as the number of connected displays, the type of connected displays, user
preferences (e.g., favorite applications, preferred application locations, etc.), default values

(e.g., default display location for applications), etc.

[0086] In some embodiments, multi-core processing environment 400 includes application
database module 343. Application database module 343 may contain information related to
each application loaded and/or running in multi-core processing environment 400. For
example, application database module 343 may contain display information related to a
particular application (e.g., item/display configurations, colors, interactive elements,
associated images and/or video, etc.), default or preference information (e.g., whitelist” or

“blacklist” information, default display locations, favorite status, etc.), etc.

[0087] Insome embodiments, multi-core processing environment 400 includes operating
system module 345. Operating system module 345 may include information related to one
or more operating systems running within multi-core processing environment 400. For
example, operating system module 345 may include executable code, kernel, memory,
mode information, interrupt information, program execution instructions, device drivers,
user interface shell, etc. In some embodiments, operating system module 345 may be used

to manage all other modules of multi-core processing environment 400.

[0088] In some embodiments, multi-core processing environment 400 includes one or
more presentation controller modules 347. Presentation controller module 347 may provide
a communication link between one or more component modules 349 and one or more
application modules 351. Presentation controller module 347 may handle inputs and/or
outputs between component module 349 and application module 351. For example,
presentation controller 347 may route information form component module 349 to the
appropriate application. Similarly, presentation controller 347 may route output instructions

from application module 351 to the appropriate component module 349. In some
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embodiments, presentation controller module 347 may allow multi-core processing
environment 400 to preprocess data before routing the data. For example presentation
controller 347 may convert information into a form that may be handled by either

application module 351 or component module 349.

[0089] In some embodiments, component module 349 handles input and/or output related
to a component (e.g., mobile phone, entertainment device such as a DVD drive, amplifier,
signal tuner, etc.) connected to multi-core processing environment 400. For example,
component module 349 may provide instructions to receive inputs from a component.
Component module 349 may receive inputs from a component and/or process inputs. For
example, component module 349 may translate an input into an instruction. Similarly,
component module 349 may translate an output instruction into an output or output
command for a component. In other embodiments, component module 349 stores
information used to perform the above described tasks. Component module 349 may be
accessed by presentation controller module 347. Presentation controller module 347 may

then interface with an application module 351 and/or component.

[0090] Application module 351 may run an application. Application module 351 may
receive input from presentation controller 347, window manager 355, layout manager 357,
and/or user input manager 359. Application module 351 may also output information to
presentation controller 347, window manager 355, layout manager 357, and/or user input
manager 359. Application module 351 performs calculations based on inputs and generates
outputs. The outputs are then sent to a different module. Examples of applications include
a weather information application which retrieves weather information and displays it to a
user, a notification application which retrieves notifications from a mobile device and
displays them to a user, a mobile device interface application which allows a user to control
a mobile device using other input devices, games, calendars, video players, music streaming
applications, etc. In some embodiments, application module 351 handles events caused by
calculations, processes, inputs, and/or outputs. Application module 351 may handle user
input and/or update an image to be displayed (e.g., rendered surface 353) in response.
Application module 351 may handle other operations such as exiting an application

launching an application, etc.

[0091] Application module 351 may generate one or more rendered surfaces 353. A

rendered surface is the information which is displayed to a user. In some embodiments,
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rendered surface 353 includes information allowing for the display of an application
through a virtual operating field located on a display. For example, rendered surface 353
may include the layout of elements to be displayed, values to be displayed, labels to be
displayed, fields to be displayed, colors, shapes, etc. In other embodiments, rendered
surface 353 may include only information to be included within an image displayed to a
user. For example, rendered surface 353 may include values, labels, and/or fields, but the
layout (e.g., position of information, color, size, etc.) may be determined by other modules

(e.g., layout manager 357, window manager 355, etc.).

[0092] Window manager 355 manages the display of information on one or more displays
347. In some embodiments, windows manager 355 takes input from other modules. For
example, window manager 355 may use input from layout manager 357 and application
module 351 (e.g., rendered surface 353) to compose an image for display on display 347.
Window manager 355 may route display information to the appropriate display 347. Input
from layout manger 357 may include information from system configuration module 341,
application database module 343, user input instructions to change a display layout from
user input manager 359, a layout of application displays on a single display 347 according
to a layout heuristic or rule for managing virtual operating fields associated with a display
347, etc. Similarly, window manager 355 may handle inputs and route them to other
modules (e.g., output instructions). For example, window manager 355 may receive a user
input and redirect it to the appropriate client or application module 351. In some
embodiments, windows manager 355 can compose different client or application surfaces
(e.g., display images) based on X, Y, or Z order. Windows manager 355 may be controlled
by a user through user inputs. Windows manager 355 may communicate to clients or
applications over a shell (e.g., Wayland shell). For example, window manager 355 may be
a X-Server window manager, Windows window manager, Wayland window manager,

Wayland server, etc.).

[0093] Layout manager 357 generates the layout of applications to be displayed on one or
more displays 347. Layout manager 357 may acquire system configuration information for
use in generating a layout of application data. For example, layout manager 357 may
acquire system configuration information such as the number of displays 347 including the
resolution and location of the displays 347, the number of window managers in the system,

screen layout scheme of the monitors (bining), vehicle states, etc. In some embodiments,
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system configuration information may be retrieved by layout manager 357 from system

configuration module 341.

[0094] Layout manager 357 may also acquire application information for use in
generating a layout of application data. For example, layout manager 357 may acquire
application information such as which applications are allowed to be displayed on which
displays 347 (e.g., HUD, CID, ICD, etc.), the display resolutions supported by cach
application, application status (e.g., which applications are running or active), track system
and/or non-system applications (e.g., task bar, configuration menu, engineering screen etc.),

etc.

[0095] In some embodiments, layout manager 357 may acquire application information
from application database module 343. In further embodiments, layout manager 357 may
acquire application information from application module 351. Layout manager 357 may
also receive user input information. For example, an instruction and/or information
resulting from a user input may be sent to layout manager 357 from user input manager 359.
For example, a user input may result in an instruction to move an application from one
display 347 to another display 347, resize an application image, display additional
application items, exit an application, etc. Layout manager 357 may execute an instruction
and/or process information to generate a new display layout based wholly or in part on the

user input.

[0096] Layout manager 357 may use the above information or other information to
determine the layout for application data (e.g., rendered surface 353) to be displayed on one
or more displays. Many layouts are possible. Layout manager 357 may use a varicty of
techniques to generate a layout as described herein. These techniques may include, for
example, size optimization, prioritization of applications, response to user input, rules,

heuristics, layout databases, etc.

[0097] Layout manager 357 may output information to other modules. In some
embodiments, layout manager 357 sends an instruction and/or data to application module
351 to render application information and/or items in a certain configuration (e.g., a certain
size, for a certain display 347, for a certain display location (e.g., virtual operating field),
etc. For example, layout manager 357 may instruct application module 351 to generate a
rendered surface 353 based on information and/or instructions acquired by layout manager

357.
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[0098] In some embodiments, rendered surface 353 or other application data may be sent
back to layout manager 357 which may then forward it on to widow manager 355. For
example, information such as the orientation of applications and/or virtual operating fields,
size of applications and/or virtual operating fields, which display 347 on which to display
applications and/or virtual operating fields, etc. may be passed to window manager 355 by
layout manager 357. In other embodiments, rendered surface 353 or other application data
generated by application module 351 in response to instructions from layout manager 357
may be transmitted to window manager 355 directly. In further embodiments, layout
manager 357 may communicate information to user input manager 359. For example,
layout manager 357 may provide interlock information to user input manager 359 to prevent

certain user inputs.

[0099] Multi-core processing environment 400 may receive user input 361. User input
361 may be in response to user inputs such as touchscreen input (e.g., presses, swipes,
gestures, etc.), hard key input (e.g., pressing buttons, turning knobs, activating switches,
etc.), voice commands, etc. In some embodiments, user input 361 may be input signals or
instructions. For example, input hardware and/or intermediate control hardware and/or
software may process a user input and send information to multicore processing
environment 400. In other embodiments, multi-core processing environment 400 receives
user input 361 from vehicle interface system 301. In further embodiments, multi-core
processing environment 400 receives direct user inputs (e.g., changes in voltage, measured
capacitance, measured resistance, etc.). Multi-core processing environment 400 may
process or otherwise handle direct user inputs. For example, user input manager 359 and/or

additional module may process direct user input.

[0100] User input manager 359 receives user input 361. User input manager 359 may
process user inputs 361. For example, user input manager 359 may receive a user input 361
and generate an instruction based on the user input 361. For example, user input manager
359 may process a user input 361 consisting of a change in capacitance on a CID display
and generate an input instruction corresponding to a left to right swipe on the CID display.
User input manager may also determine information corresponding to a user input 361. For
example, user input manager 359 may determine which application module 351 corresponds
to the user input 361. User input manager 359 may make this determination based on the

user input 361 and application layout information received from layout manager 357,
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window information from window manager 355, and/or application information received

from application module 351.

[0101] User input manager 359 may output information and/or instructions corresponding
to a user input 361. Information and/or instructions may be output to layout manager 357.
For example, an instruction to move an application from one display 347 to another display
347 may be sent to layout manager 357 which instructs application modules 351 to produce
an updated rendered surface 353 for the corresponding display 347. In other embodiments,
information and/or instructions may be output to window manager 355. For example,
information and/or instruction may be output to window manager 355 which may then
forward the information and/or instruction to one or more application modules 351. In
further embodiments, user input manager 359 outputs information and/or instructions

directly to application modules 351.

[0102] Rendered surfaces 353 and/or application information may be displayed on one or
more displays 347. Displays 347 may be ICDs, CIDs, HUDs, rear seat displays, etc. In
some embodiments, displays 347 may include integrated input devices. For example a CID
display 347 may be a capacitive touchscreen. One or more displays 347 may form a display
system (e.g., extended desktop). The displays 347 of a display system may be coordinated
by one or modules of multi-core processing environment 400. For example, layout manager
357 and/or window manager 355 may determine which applications are displayed on which
display 347 of the display system. Similarly, one or more module may coordinate
interaction between multiple displays 347. For example, multi-core processing environment

400 may coordinate moving an application from one display 347 to another display 347.

[0103] The explanation of characteristics of audio-visual system 100 as discussed above

in the preceding figures is exemplary, and other embodiments are foreseeable.

[0104] Referring now to FIGS. 2A-2C, an audio-visual system 100 with multiple display
apparatuses is shown, according to some embodiments of the present invention. FIG. 2A
shows an exemplary interior of automobile 1. As shown, three display apparatuses are
provided: center information display (“CID”) 210, instrument cluster display (“ICD”) 220,
and head-up display (“HUD”) 230. In the example shown in FIG. 2A, CID 210 is provided
in a center console, ICD 220 is provided set into the dashboard behind the steering wheel,
and HUD 230 is provided displayed onto the windshield. FIG. 2B shows another
perspective of the exemplary automobile and display apparatuses of FIG. 2A. FIG. 2C
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shows CID 210, ICD 220, and HUD 230 in block diagram form as part of output devices
130, which is a part of audio-visual system 100.

[0105] The depiction of audio-visual system 100 as shown in the preceding figures is
exemplary, and other embodiments are foreseeable. By example, audio-visual system 100
may contain further display apparatuses, such as a display apparatus inset into the back of a
headrest for a front-row seat so that a passenger in the second row may view the display
apparatus. As a further example, HUD 230 may be provided in a variety of fashions falling
within the principles of a head-up display. For instance, HUD 230 may consist of an image
projected onto the windshield of automobile 1, or HUD 230 may consist of a rigid
transparent screen protruding upwards from the dashboard and onto which information is
projected or otherwise displayed. Audio-visual system 100 may contain fewer than the
three display apparatuses, more display apparatuses, different display apparatuses,
placement of display apparatuses in different locations in or adjacent to automobile 1, or in
other variations still within the scope of the present invention. Furthermore, audio-visual
system 100 may contain non-display components, such as processing components and input

components, as discussed in further detail later.

[0106] Referring now to FIGS. 3A-3F, multiple input apparatuses for an audio-visual
system are shown, according to some embodiments of the present invention. FIG. 3A
shows a touchscreen display 300 that may be a form of input apparatus for audio-visual
system 100. FIG. 3B shows a steering wheel assembly containing at least one user input
apparatus 310. FIG. 3C shows user input apparatus 310 attached to a steering wheel
assembly in further detail.

[0107] FIG. 3D shows user input apparatus 310 in further detail. As shown, user input
apparatus 310 contains a touch sensor 320, a hardkey 330, and a hardkey 340. Touch sensor
320 may be a device configured to detect physical contact or proximity, especially with a
user’s fingers, and process the detected information into electrical signals. Hardkey 330 and
hardkey 340 may be any sort of physical button or key. In some embodiments, hardkey 330
and hardkey 340 are physical buttons that may be depressed by a user in order to generate

an electrical signal within user input apparatus 310.

[0108] FIG. 3E shows a hand held device 350 that may be used to communicate with

audio-visual system 100. In some embodiments, hand held device 350 may be used to send
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control signals to audio-visual system 100 in order to control functionality of audio-visual

system 100.

[0109] FIG. 3F shows the features of audio-visual system 100 just discussed in block
diagram form. As shown, input devices 110 of audio-visual system 100 may contain
touchscreen 300, user input apparatus 310, touch sensor 320, hardkey 330, and hardkey 340.
Additionally, input devices 110 may contain a wired receiver 370 and a wireless receiver
360 for receiving signals from hand held device 350. Furthermore, input devices 110 may
contain a voice receiver 380 for detecting and processing audible voice input from a user.
Additionally input devices 110 may contain an infrared detector 390 that detects gestures by
a user in automobile 1, such as particular hand movements or arm gestures. In such cases,
input devices 110 may additionally include an infrared transmitter in order for infrared

detector 390 to detect user gestures through disruptions in the infrared field.

[0110] The depiction of audio-visual system 100 as shown in the preceding figures is
exemplary, and other embodiments are foreseeable. By example, audio-visual system 100
may have fewer or more input apparatuses than those shown in the previous figures. As a
further example, audio-visual system 100 may have different types of input apparatuses that
are known in the art. User input apparatus 310 may be configured differently to have more
or fewer hardkeys, more or fewer touch sensors, etc. Hand held device 350 may be
implemented as any electronic device capable of communicating electronically with audio-
visual system 100. For instance, hand held device 350 may be a smartphone, a PDA, a
tablet computer, a laptop computer, etc. Wireless receiver 360 may be provided using a
variety of technologies known in the art to communicate with hand held device 350. For
instance, wireless receiver 360 may support infrared communication, Bluetooth
communication, ZigBee communication, Wi-Fi communication, etc. Wired receiver 370
may be provided using a variety of technologies known in the art to communicate with hand

held device 350. For instance, wired receiver 370 may support a USB interface.

[0111] According to some embodiments of the present invention, audio-visual system 100
may be configured to simultaneously display output from multiple applications running in
parallel at the same time on a single display apparatus. Audio-visual system 100 may allow
each such application to have a dedicated portion of the display apparatus in which it can
display information associated with the application. Such a portion will be discussed as a

virtual operating field or operating field throughout this disclosure. The following
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embodiments disclose various ways in which such a display apparatus could be configured

to allow such simultaneous display.

[0112] Referring now to FIGS. 4A-4F, virtual operating fields on a display apparatus are
shown, according to some embodiments of the present invention. These figures show such
a configuration based on an exemplary CID 210. For CID 210, it may be advantageous to
support multiple virtual operating fields, such as three virtual operating fields as shown in
these figures. However, if only one application is running or if only one application is
otherwise outputting information to a display apparatus, only a single virtual operating field

may be required.

[0113] FIG. 4A shows such a situation where a single virtual operating field 410 is
provided covering essentially the entire display field of CID 210. In this case, because only
one application is outputting information to CID 210, it is advantageous to allow that
application’s virtual operating field 410 to cover the entire space of the display apparatus so

as to allow display of more information or the same information in better detail.

[0114] FIG. 4B shows a situation where two applications are displaying information on
CID 210. Here, two virtual operating fields 410 and 411 are provided. As shown, one
virtual operating field 410 covers approximately 2/3 of the entire display field of CID 210,
while the other virtual operating field 411 covers approximately 1/3 of the entire display
field of CID 210.

[0115] FIG. 4C shows a situation where three applications are displaying information on
CID 210. Here, three virtual operating fields 410, 411, and 412 are provided. As shown,
each virtual operating field 410, 411, and 412 cover approximately 1/3 of the entire display
field of CID 210.

[0116] The disclosure of virtual operating fields in the preceding figures is exemplary, and
other embodiments are foreseeable. By example, a display apparatus such as CID 210 may
support more than three virtual operating fields, such as four, five, or more. Additionally,
when multiple virtual operating fields are present on a display apparatus, the portions of the
total display field provided for each virtual operating field may be different than that
disclosed above. For instance, with two virtual operating fields provided on a display
apparatus, each virtual operating field may cover approximately 1/2 of the entire display
field. By further example, though vertical partitioning of the display field is shown in the
preceding figures, virtual operating fields can be provided using other partitioning
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techniques, such as horizontal partitioning of the display field, a mix of horizontal and

vertical partitioning, or some other technique.

[0117] FIGS. 4D-4F show examples of the use of virtual operating fields with information
provided by software applications. In FIG. 4D, a single application is providing
information for display on CID 210. This application is a radio application, where the
information displayed is a radio dial for seeking a radio frequency in the FM band. As
shown, with only the radio application providing information for display on CID 210, a
single operating field 410 is provided covering substantially all of the display field of CID
210.

[0118] In FIG. 4E, both the radio application and a navigation application are providing
information for display on CID 210. As such, the radio application information is displayed
in virtual operating field 410 while the navigation application information is displayed in

virtual operating field 411.

[0119] In FIG. 4F, the radio application, the navigation application, and a trip application
(providing details about the current trip) are providing information for display on CID 210.
As such, the radio application information is displayed in virtual operating field 410, the
navigation application information is displayed in virtual operating field 411, and the trip

application information is displayed in virtual operating field 412.

[0120] FIGS. 4G-4H show processes for changing the applications that are displayed on a
display apparatus, according to some embodiments of the present invention. The process of
FIG. 4G begins at step 450 when audio-visual system 100 generates a display of
information for zero or more applications. In this step, some previous selection of
applications has taken place, and those applications are assigned to virtual operating fields
on a display apparatus, and information for those applications is being displayed. In some
cases, no applications are being displayed, in which case there are zero virtual operating

fields on the display apparatus.

[0121] At step 451, audio-visual system 100 receives an input instructing audio-visual

system 100 to display information for an application that is not currently being displayed on

the display apparatus. This input may be based on a user input, a system trigger, an input

from some other system, or otherwise. For example, the input may be provided by a driver

wishing to receive navigation assistance, to change a radio station, etc., may be triggered

based on a vehicle warning, may be triggered by an incoming phone call on the hand held
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device, or otherwise. Audio-visual system 100 receives the input and processes it to
determine that an additional application should be displayed that currently is not being

displayed.

[0122] At step 452, audio-visual system 100 determines whether the predetermined
maximum number of virtual operating fields for the display apparatus is already being used.
Audio-visual system 100 may perform this determination by retrieving the predetermined
maximum number of virtual operating fields from memory and comparing it to a count of
currently used virtual operating fields. In the case where the maximum number of virtual
operating fields has not already been reached, audio-visual system 100 will display the new

application in addition to all applications already being displayed.

[0123] At step 453, audio-visual system 100 determines how to resize and reposition the
already used virtual operating fields in order to accommodate the addition of another virtual
operating field for the new application. This step may involve audio-visual system 100
applying a predefined set of rules for how to resize and reposition the existing virtual
operating fields. For instance, audio-visual system 100 may identify the current
arrangement of virtual operating fields as one of a finite number of potential configurations
for the display apparatus. Audio-visual system 100 may then review a transition table that
defines what configuration to transition to based on the current configuration and the action

of adding another virtual operating field.

[0124] In some embodiments, step 453 includes determining a configuration based on the
importance of the various applications (e.g., if one of the applications relates to a warning, if
some applications are more critical to vehicle operation than others, etc.). Based on this
analysis, audio-visual system 100 determines how the virtual operating fields on the display
device should be arranged and which applications will display information in which virtual
operating fields. Based on these determinations, audio-visual system 100 then regenerates

the display of applications in step 450.

[0125] In the case where the maximum number of virtual operating fields has already
been reached in step 452, audio-visual system 100 may terminate the display of one
currently displayed application in order to free up a virtual operating field for display of the

new application.

[0126] At step 454, audio-visual system 100 determines which application that is
currently being displayed should no longer be displayed. This determination may involve
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the application of rules or heuristics, such as determining which application has passed the
longest time without interaction with the user, which application has a lowest predetermined
priority level, which application shares a functional area with the new application, which
application is currently in an idle state, querying the user for which application to no longer
display, or some other determination mechanism. Based on this analysis, audio-visual
system 100 identifies an application that is currently being displayed but will cease to be

displayed in the next display generation.

[0127] At step 455, audio-visual system 100 determines how to reassign the applications
that will continue to be displayed to the virtual operating fields that are in use. Audio-visual
system 100 will use the determination from step 454 of the application whose display will
be terminated to identify a now unused virtual operating ficld. Audio-visual system 100
may apply rules or heuristics to determine how to reassign the applications that will
continue to be displayed and the new application to the virtual operating fields. For
instance, audio-visual system 100 may shift the assignment of an application that is to the
right of the unused virtual operating field to be displayed in the unused operating field, thus
performing a left-shift of the application. Audio-visual system 100 may continue this left-
shift for applications displayed on the display apparatus until the rightmost virtual operating
field is unused. Audio-visual system 100 would then assign the new application to be
displayed in the rightmost virtual operating field. Alternatively, audio-visual system 100
may simply assign the new application to be displayed in the virtual operating field that is
now unused but was previously used by the removed application. A variety of other
techniques may be used. Once the new assignment of applications to virtual operating
fields is determined, audio-visual system 100 then regenerates the display of applications in

step 450.

[0128] The process of FIG. 4H begins at step 460 when audio-visual system 100 generates
a display of information for one or more applications. In this step, some previous selection
of applications has taken place, and those applications are assigned to virtual operating

fields on a display apparatus, and information for those applications is being displayed.

[0129] At step 461, audio-visual system 100 receives an input instructing audio-visual
system 100 to end display of information for a particular application that is currently being
displayed on the display apparatus. This input may be based on a user input, a system

trigger, an input from some other system, or otherwise. For example, the input may be
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based on the conclusion of a phone call (when the telephone application is being displayed),
a menu selection from the user (e.g., when the user has selected a vehicle setting, radio
channel, etc.), a user acknowledgement of a vehicle warning, or otherwise. The audio-
visual system 100 receives the input and processes it to determine that an application that is

currently displayed should no longer be displayed.

[0130] At step 462, audio-visual system 100 determines how to resize and reposition the
virtual operating fields that will remain in use once one of the virtual operating fields is
removed. This step may involve audio-visual system 100 applying a predefined set of rules
for how to resize and reposition the remaining virtual operating fields. For instance, audio-
visual system 100 may identify the current arrangement of virtual operating fields as one of
a finite number of potential configurations for the display apparatus. Audio-visual system
100 may then review a transition table that defines what configuration to transition to based

on the current configuration and the action of removing a virtual operating field.

[0131] In some embodiments, audio-visual system 100 determines which of the remaining
virtual operating fields will consume the space freed up by the removed virtual operating
field in the case where more than one virtual operating field will remain. In such a case,
audio-visual system 100 may choose the virtual display field for the application that has
most recently been interacted with by the user or that currently has the focus. Based on this
analysis, audio-visual system 100 determines how the virtual operating fields on the display
device should be arranged and which applications will display information in which virtual
operating fields. As another example, audio-visual system 100 may determine a new
application to insert in the vacated virtual operating field, based on typical vehicle
application use. Based on these determinations, audio-visual system 100 then regenerates

the display of applications in step 460.

[0132] Referring now to FIGS. SA-5C, virtual operating fields on a display apparatus are
shown, according to some embodiments of the present invention. These figures show such
a configuration based on an exemplary ICD 220. For ICD 220, it may be advantageous to
support multiple virtual operating fields, such as three virtual operating ficlds as well as
reserved space as shown in these figures. However, if only one application is running or if
only one application is otherwise outputting information to a display apparatus, only a
single virtual operating field may be required. Nonetheless, reserved space may be

maintained with one or more virtual operating fields present.
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[0133] FIG. SA shows such a situation where a single virtual operating field 510 is
provided covering approximately 1/3 of the display field of ICD 220. The remainder of the
display field of ICD 220 is covered by reserved space 501 and reserved space 502.
Reserved space 501 and reserved space 502 may be used to display important information
to a driver of the automobile, and as such the space may be reserved for display even if an
application is providing information for display on ICD 220. As such, even though only
one application is outputting information to ICD 220, the application’s virtual operating
field 510 covers only approximately 1/3 of the display field so that reserved space 501 and

reserved space 502 can display other information.

[0134] FIG. 5B shows a situation where two applications are displaying information on
ICD 220. Here, two virtual operating fields 510 and 511 are provided. As shown, each
virtual operating field 510 and 511 covers approximately 1/3 of the entire display field of
ICD 220. The remaining 1/3 of the display field of ICD 220 is split between reserved space
501 and reserved space 502, which each cover approximately 1/6 of the entire display field
of ICD 220.

[0135] FIG. 5C shows a situation where three applications are displaying information on
ICD 220. Here, three virtual operating fields 510, 511, and 512 are provided. As shown,
each virtual operating field 510, 511, and 512 cover approximately 1/3 of the entire display
field of ICD 220. In this situation, reserved space 501 and reserved space 502 are no longer

displayed because there is not sufficient space to display them.

[0136] The disclosure of virtual operating fields in the preceding figures is exemplary, and
other embodiments are foreseeable. By example, a display apparatus such as ICD 220 may
support more than three virtual operating fields, such as four, five, or more. Additionally,
when multiple virtual operating fields are present on a display apparatus, the portions of the
total display field provided for each virtual operating field may be different than that
disclosed above. For instance, with two virtual operating fields provided on a display
apparatus, each virtual operating field may cover approximately 1/2 of the entire display
field. By further example, though vertical partitioning of the display field is shown in the
preceding figures, virtual operating fields can be provided using other partitioning
techniques, such as horizontal partitioning of the display field, a mix of horizontal and
vertical partitioning, or some other technique. By further example, reserved space 501 and

502 may continue to be displayed even when three or more virtual operating fields are
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displayed on a display apparatus such as ICD 220. Additionally, a maximum number of
virtual display fields may be set, such as at one or two, so that there is always sufficient

space to display reserved space 501 and 502.

[0137] Referring now to FIGS. 5SD-5F, several examples of the use of virtual operating
fields with information provided by software applications are shown, according to an
exemplary embodiment. In FIG. 5D, a single first application is providing trip information
for display on ICD 220. As shown, with only the first application providing trip
information for display on ICD 220, a single operating field 510 is provided covering
approximately 1/3 of the display field of ICD 220. Reserved space 501 displays road speed
information using a speedometer dial. Reserved space 502 displays engine speed
information using a revolutions per minute dial. Additionally, a status bar 520 is provided
horizontally along the top of the display field of ICD 220. The status bar 520 may display

additional information to the driver of the automobile.

[0138] In FIG. SE, both the trip application and a navigation application are providing
information for display on ICD 220. As such, the trip application information is displayed
in virtual operating field 510 while the navigation application information is displayed in
virtual operating field 511. Additionally, reserved space 501 continues to display road
speed information, but using a visual representation that is more compact so at to fit in the
reduced display space provided to reserved space 501. Similarly, reserved space 502
continues to display engine speed information, but using a visual representation that is more
compact so at to fit in the reduced display space provided to reserved space 502. Status bar

520 is also provided in this example.

[0139] In FIG. 5F, the trip application, the navigation application, and a telephone
application are providing information for display on ICD 220. As such, the trip application
information is displayed in virtual operating field 510, the navigation application
information is displayed in virtual operating field 511, and the telephone application
information is displayed in virtual operating field 512. Status bar 520 is also provided in
this example. In this example, because road speed and engine speed information is not
otherwise displayed, one or both may be displayed in status bar 520 so that the information

continues to be available to the driver of the automobile.

[0140] Referring now to FIGS. 5G-5H, processes for changing the applications that are

displayed on a display apparatus are shown, according to some embodiments of the present
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invention. The process of FIG. 5G begins at step 550 when audio-visual system 100
generates a display of information for zero or more applications. This display of
information may include zero or more reserved space portions. In this step, some previous
selection of applications has taken place, and those applications are assigned to virtual
operating fields on a display apparatus, and information for those applications is being
displayed. In some cases, no applications are being displayed, in which case there are zero
virtual operating fields on the display apparatus, but reserved space portions may still

display other information.

[0141] At step 551, audio-visual system 100 receives an input instructing audio-visual
system 100 to display information for an application that is not currently being displayed on
the display apparatus. This input may be based on a user input, a system trigger, an input
from some other system, or otherwise. For example, the input may be provided by a driver
wishing to receive navigation assistance, to change a radio station, etc., may be triggered
based on a vehicle warning, may be triggered by an incoming phone call on the hand held
device, or otherwise. The audio-visual system 100 receives the input and processes it to
determine that an additional application should be displayed that currently is not being

displayed.

[0142] At step 552, audio-visual system 100 determines whether the predetermined
maximum number of virtual operating fields for the display apparatus is already being used.
Audio-visual system 100 may perform this determination by retrieving the predetermined
maximum number of virtual operating fields from memory and comparing it to a count of
currently used virtual operating fields. In the case where the maximum number of virtual
operating fields has not already been reached, audio-visual system 100 will display the new

application in addition to all applications already being displayed.

[0143] At step 553, audio-visual system 100 determines how to resize and reposition the
already used virtual operating fields in order to accommodate the addition of another virtual
operating field for the new application. This step may involve the audio-visual system 100
applying a predefined set of rules for how to resize and reposition the existing virtual

operating fields.

[0144] In some embodiments, step 553 includes taking into account any resizing or
repositioning of reserved space that may be possible. For instance, audio-visual system 100

may identify the current arrangement of virtual operating fields and reserved space as one of
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a finite number of potential configurations for the display apparatus. Audio-visual system
100 may then review a transition table that defines what configuration to transition to based

on the current configuration and the action of adding another virtual operating field.

[0145] In some embodiments, step 553 includes determining a configuration based on the
importance of the various applications (e.g., if one of the applications relates to a warning, if
some applications are more critical to vehicle operation than others). Based on this

analysis, audio-visual system 100 determines how the virtual operating fields on the display
device should be arranged and which applications will display information in which virtual
operating fields. Based on these determinations, audio-visual system 100 then regenerates

the display of applications in step 550.

[0146] In the case where the maximum number of virtual operating fields has already
been reached in step 552, audio-visual system 100 may terminate the display of one
currently displayed application in order to free up a virtual operating field for display of the

new application.

[0147] At step 554, audio-visual system 100 determines which application that is
currently being displayed should no longer be displayed. This determination may involve
the application of rules or heuristics, such as determining which application has passed the
longest time without interaction with the user, which application has a lowest predetermined
priority level, which application shares a functional area with the new application, which
application is currently in an idle state, querying the user for which application to no longer
display, or some other determination mechanism. Based on this analysis, audio-visual
system 100 identifies an application that is currently being displayed but will cease to be

displayed in the next display generation.

[0148] In some embodiments, certain virtual operating fields may not be changed and/or
the application associated with a virtual operating field may not be terminated. For
example, an application displaying critical information such as road speed, engine speed,
warnings, etc. may be configured such that a user may not terminate the display of
information. In some embodiments, a user is able to reposition the virtual operating fields
associated with the critical information but may not remove the virtual operating field from

all displays.

[0149] At step 555, audio-visual system 100 determines how to reassign the applications
that will continue to be displayed to the virtual operating fields that are in use. Audio-visual
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system 100 will use the determination from step 554 of the application whose display will
be terminated to identify a now unused virtual operating field. Audio-visual system 100
may apply rules or heuristics to determine how to reassign the applications that will
continue to be displayed and the new application to the virtual operating fields. For
instance, audio-visual system 100 may shift the assignment of an application that is to the
right of the unused virtual operating field to be displayed in the unused operating field, thus
performing a left-shift of the application.

[0150] In some embodiments, audio-visual system 100 continues this left-shift for
applications displayed on the display apparatus until the rightmost virtual operating field is
unused. Audio-visual system 100 would then assign the new application to be displayed in
the rightmost virtual operating field. Alternatively, audio-visual system 100 may simply
assign the new application to be displayed in the virtual operating field that is now unused
but was previously used by the removed application. A variety of other techniques may be
used. Once the new assignment of applications to virtual operating fields is determined,

audio-visual system 100 then regenerates the display of applications in step 550.

[0151] The process of FIG. 5H begins at step 560 when audio-visual system 100 generates
a display of information for one or more applications. In this step, some previous selection
of applications has taken place, and those applications are assigned to virtual operating
fields on a display apparatus, and information for those applications is being displayed.

Additionally, information may be displayed in reserved space on the display apparatus.

[0152] At step 561, audio-visual system 100 receives an input instructing audio-visual
system 100 to end display of information for a particular application that is currently being
displayed on the display apparatus. This input may be based on a user input, a system
trigger, an input from some other system, or otherwise. For example, the input may be
based on the conclusion of a phone call (when the telephone application is being displayed),
a menu selection from the user (e.g., when the user has selected a vehicle setting, radio
channel, etc.), a user acknowledgement of a vehicle warning, or otherwise. The audio-
visual system 100 receives the input and processes it to determine that an application that is

currently displayed should no longer be displayed.

[0153] At step 562, audio-visual system 100 determines how to resize and reposition the
virtual operating fields that will remain in use once one of the virtual operating fields is

removed as well as the reserved space that may remain in use or be put into use once one of
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the virtual operating fields is removed. This step may involve audio-visual system 100
applying a predefined set of rules for how to resize and reposition the remaining virtual
operating fields and reserved space. For instance, audio-visual system 100 may identify the
current arrangement of virtual operating fields and reserved space as one of a finite number
of potential configurations for the display apparatus. Audio-visual system 100 may then
review a transition table that defines what configuration to transition to based on the current

configuration and the action of removing a virtual operating field.

[0154] In some embodiments, audio-visual system 100 determines which of the remaining
virtual operating fields or reserved space will consume the space freed up by the removed
virtual operating field in the case where more than one virtual operating field and/or
reserved space will remain. In such a case, audio-visual system 100 may choose the virtual
display field for the application that has most recently been interacted with by the user or
that currently has the focus, or may choose to split the newly freed up space between the
reserved space. Based on this analysis, audio-visual system 100 determines how the virtual
operating fields and reserved space on the display device should be arranged and which
applications will display information in which virtual operating fields. As another example,
audio-visual system 100 may determine a new application to insert in the vacated virtual
operating field, based on typical vehicle application use. Based on these determinations,

audio-visual system 100 then regenerates the display of applications in step 560.

[0155] Referring now to FIGS. 6A-6B, virtual operating fields on a display apparatus are
shown, according to some embodiments of the present invention. These figures show such
a configuration based on an exemplary HUD 230. For HUD 230, it may be advantageous to
support at least one virtual operating field, as well as reserved space as shown in these

figures.

[0156] FIG. 6A shows such a situation where a single virtual operating field 610 is
provided covering approximately 1/3 of the display field of HUD 230. The remainder of
the display field of HUD 230 is covered by reserved space 601, reserved space 602, and
reserved space 603. Reserved space 601, 602, and 603 may be used to display important
information to a driver of the automobile, and as such the space may be reserved for display

even if an application is providing information for display on HUD 230.

[0157] In FIG. 6B, a single navigation application is providing information for display on

HUD 230. As shown, with only the navigation application providing information for
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display on HUD 230, a single operating field 610 is provided covering approximately 1/3 of
the display field of HUD 230. Reserved space 601 displays warning information as to
potential issues with the automobile that the driver should be aware of. Reserved space 601
may remain present but empty if no warnings are available at a given point in time.
Reserved space 602 displays road speed information by displaying a numerical value of the
miles per hour that the automobile is traveling. Reserved space 603 displays engine speed
information using by displaying a numerical value of the revolutions per minute for the

automobile’s engine.

[0158] The disclosure of virtual operating fields in the preceding figures is exemplary, and
other embodiments are foreseeable. By example, when no warning information is available,
reserved space 601 may disappear, allowing reserved space 602 and reserved space 603 to
be enlarged. By further example, when no application is providing information for display
on HUD 230, virtual operating space 610 may disappear, allowing reserved space 602 and
reserved space 603 to be enlarged. In other embodiments, virtual operating space 610 and
reserved space 601, 602, and 603 may be fixed in size and position even if no information is
provided for displays in those section. This can be advantageous in reducing the distraction
of the driver of the automobile as would otherwise be caused by resizing and repositioning
of the display fields of HUD 230. Additionally, the virtual operating fields and reserved
space provided for HUD 230 may be arranged in different proportions and different
positions. HUD 230 may be controlled in a similar manner to CID 210 and ICD 220 as
shown above. The processes of FIGS. 4G-4H and of FIGS. 5G-5H may be adapted to
control HUD 230 display.

[0159] Referring now to FIGS. 7A-7D, the assignment of virtual operating fields to
applications is shown, according to some embodiments of the present invention. In
particular, this set of figures shows a progression as new applications begin providing
content for display on a display apparatus, in this case an exemplary CID 210. FIG. 7A
shows that a single application, Application 1, is providing information for display on CID

210, so a single virtual operating field 410 is provided.

[0160] In FIG. 7B, a second application, Application 2, is now providing information for
display on CID 210, so two virtual operating fields 410 and 411 are provided. In particular,
Application 1 has the larger virtual operating field 410 and virtual operating field 410 has
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shifted to the left of virtual operating field 411. In other embodiments, virtual operating

fields 410 and 411 may have the same size or be of a different configuration.

[0161] In FIG. 7C, a third application, Application 3, is now providing information for
display on CID 210, so three virtual operating fields 410, 411, and 412 are provided. In
particular, Application 1 is assigned to virtual operating field 410, which has shifted to be
the leftmost. Application 2 is assigned to virtual operating field 411, which has shifted to
be in the middle position. Application 3 is assigned to virtual operating field 412, and

virtual operating field 412 has entered in the leftmost position.

[0162] In FIG. 7D, a fourth application, Application 4, is now providing information for
display on CID 210. In this example, a fourth virtual operating field is not permitted, so
three virtual operating fields 410, 411, and 412 remain provided. Because Application 1
was the oldest introduced, it is no longer provided a virtual operating field and thus
information as to that application is no longer displayed on CID 210. Each of Application 2
and Application 3 shift one virtual operating field to the left, and Application 4 is assigned
to the rightmost virtual operating field. In this way, a display apparatus in some
embodiments of the present invention can be configured to provide a predictable behavior
as to how applications will be simultaneously displayed as applications begin and end

providing information for display on the display apparatus.

[0163] The disclosure display apparatus in the preceding figures is exemplary, and other
embodiments are foreseeable. By example, a maximum number of virtual operating fields
may be different than three, or no maximum may be provided. By additional example,
when choosing which application will no longer be assigned to a virtual operating field,
various factors can be considered in making the decision, such as which was first provided a
virtual operating space, which was most recently provided a virtual operating space, which
was least recently interacted with by the user, which one does the user select to no longer be
displayed, which one shares a functional area with the newly displayed application, which

has the highest or lowest priority, etc.

[0164] According to some embodiments of the present invention, a virtual operating
space, an item in a virtual operating space, or any other virtual object displayed on a display
apparatus of audio-visual system 100 may have the focus at some point in time. The focus
in the system is a graphical element that indicates the virtual operating space, item, or other

virtual object with which the user can presently interact. As such, the focus is similar to a
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cursor or other indicator as to which item will receive the input entered by the user if such
input is entered. The user and the system may change the focus in a variety of ways

discussed later in this disclosure.

[0165] Referring now to FIGS. 8A-8C, the changing of focus on virtual operating spaces
and items in those spaces is shown, according to some embodiments of the present
invention. FIG. 8A shows an exemplary CID 210 with virtual operating spaces 410, 411,
and 412. Each virtual operating space 410, 411, and 412 contains various items within its
display space. In this example, the focus is not on any of the virtual operating spaces and is

thus inactive.

[0166] In FIG. 8B, the focus is on virtual operating space 412, as indicated by the
different line dashing in the figure. The focus has changed from nothing to virtual operating

space 412 by some action of the user or system (e.g., a user tap on a sensor or a hardkey).

[0167] In FIG. 8C, the focus is on Item 1 810 in the display space of virtual operating
space 412. The focus has changed to Item 1 810 by some action of the user or system (e.g.,

a user upward or downward swipe on a sensor).

[0168] The disclosure as to the display apparatus in the preceding figures is exemplary,
and other embodiments are foreseeable. By example, a variety of techniques may be used
to show where the focus is at any point in time, such as text coloring, shadowing, text
highlighting, surrounding with colored objects, brightness, text size, etc. For example, the
item or operating space in focus may be brighter compared to other items and spaces, may
be of a different color, may feature a border or different border than other items and spaces,

may have enlarged text, etc.

[0169] Referring now to FIGS. 9A-9E, user inputs at a touch sensor are shown, according
to some embodiments of the present invention. As shown in FIG. 9A, a user may perform a
horizontal swipe on or near the surface of touch sensor 320. As shown in FIG. 9B, a user
may perform a vertical swipe on or near the surface of touch sensor 320. As shown in FIG.
9C, a user may perform a rotational swipe on or near the surface of touch sensor 320. As
shown in FIG. 9D, a user may perform a single tap on or near the surface of touch sensor
320. As shown in FIG. 9E, a user may perform a double tap on or near the surface of touch
sensor 320. The user may interact with touch sensor 320 to interact with the various
displays as described in subsequent figures (e.g., to move up or down between menu
options, to select a display or a component within a display, etc.).
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[0170] The disclosure as to user inputs in the preceding figures is exemplary, and other
embodiments are foreseeable. By example, a variety of other user inputs may be provided
to the system, including pressing a hardkey, touching on or near the surface of a touchscreen

display apparatus, voice inputs, etc.

[0171] According to some embodiments of the present invention, audio-visual system 100
receives inputs from a user via various input interfaces. These inputs are effective to allow
the user to make selections of items in applications provided as part of audio-visual system
100. Such inputs may be received via a user interaction with a touch sensor (as shown in
FIGS. 9A-9E), one or more hardkeys or other buttons (as shown in FIGS. 3B-3D), with a
hand held device (as shown in FIG. 3E), one or more audio inputs from a microphone, or

otherwise.

[0172] Referring now to FIGS. 10A-10I, several methods for receiving user input and
making selections based on that input are shown, according to various embodiments of the
present invention. Referring particularly to FIG. 10A, an exemplary process whereby a user
can select an item in an application’s display interface is shown. Starting at step 1010, the
user may need to activate the focus in audio-visual system 100. The focus, as described
above, may become inactive if the user does not interact with audio-visual system 100 for a
predetermined period of time. Other events may also cause the focus to become inactive. If
the focus is inactive, then the user may provide some input that activates the focus. When
the focus is activated, it may default to some application or item in an application, such as
the display feature on which the focus was most recently active In other embodiments, the
focus may become active by a user focusing on a particular application display interface. In
such a case, the display feature on which the focus is applied is the display feature the user
has focused on. In further embodiments, the focus does not become inactive. In one
embodiment, the focus remains active but the visual distinction of the focus is removed
from the display after a certain period of inactivity. When a user changes the focus, the

visually distinguishing characteristics of the focus may be displayed again.

[0173] Atstep 1011, if the focus after activation is on an item within an application, then
it must be changed to the application level in step 1012. For example, referring also to FIG.
8C, step 1011 includes changing the focus from Item 1 810 to virtual operating space 412.
If the focus after activation is on an application, then that step is not necessary. Once the

focus is on an application, then the process continues at step 1013.
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[0174] Atstep 1013, the user may need to change the focus between applications if the
focus is not on the application that the user desires to interact with. In such a case, the user
must provide some input that will cause the focus to change from the current application to
the application the user desires to interact with. For example, the user may perform a left or

right swipe on a touch sensor to change applications.

[0175] Atstep 1014, if the focus after changing between applications is still not on the
desired application, then step 1013 must be repeated. If the focus after changing between

applications is on the desired application, then the process continues at step 1015.

[0176] Atstep 1015, once the focus is on the application that the user desires to interact
with, the user selects the application. By selecting the application, the focus passes to an
item within the virtual operating field of the application. The selection of the application

may be performed by the user based on an interaction with an input device, e.g., a hardkey.

[0177] At step 1016, the user may need to change the focus between items if the focus is
not on the item that the user desires to interact with. In such a case, the user must provide
some input that will cause the focus to change from the current item to the item the user

desires to interact with. For example, such an input may include an upward or downward

swipe on a touch sensor, or one or more button presses.

[0178] Atstep 1017, if the focus after changing between items is still not on the desired
item, then step 1016 must be repeated. If the focus after changing between item is on the

desired item, then the process continues at step 1018.

[0179] Atstep 1018, once the focus is on the item that the user desires to interact with, the
user selects the item. By selecting the item, audio-visual system 100 may respond in a
variety of ways, such as changing the state of some system object, indicating a change in
state on the display apparatus, changing an interaction with some external system, etc. For
example, the selection may change a radio station, change a destination for a navigation
application, initiate or stop a phone call, or otherwise. At this point, the user has selected

the desired item, so the process is complete.

[0180] Referring particularly to FIG. 10B, an exemplary process of receiving user inputs
whereby a user can select an item in an application’s display interface is shown. In this
example, reference is made to a first touch sensor and a first hardkey, such as touch sensor

320 and hardkey 330 provided on user input apparatus 310 of FIG. 3D.
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[0181] Starting at step 1020, the user provides a single tap to the first touch sensor in
order to activate the focus in audio-visual system 100. At this point, the focus is on some

application or item within an application.

[0182] Atstep 1021, a determination is made as to whether the focus is on an application.
If the focus is not on an application but rather an item in an application, the user presses the
first hardkey at step 1022 to move the focus up one hierarchical level in whatever item or

menu hierarchy the focus may currently be located. This is repeated until the focus is on an

application.

[0183] At step 1023, the user performs a left or right horizontal swipe to move the focus
between applications. Audio-visual system 100 may be aware of the directionality of the
swipe, so that a leftward horizontal swipe moves the focus to the next application to the left

and a rightward horizontal swipe moves the focus to the next application to the right.

[0184] At step 1024, a determination is made as to whether the focus is on the application
that the user desires to interact with. If the focus is not so positioned, the user repeats the

horizontal swipes of step 1023 until the desired application is reached by the focus.

[0185] Atstep 1025, the focus is on the desired application, so the user performs a single
tap of the first touch sensor. By doing so, the focus passes to an item within the virtual

operating field of the application.

[0186] At step 1026, the user performs an up or down vertical swipe to move the focus
between items. Audio-visual system 100 may be aware of the directionality of the swipe, so
that an upward vertical swipe moves the focus to the next higher item and a downward

vertical swipe moves the focus to the next lower item.

[0187] At step 1027, a determination is made as to whether the focus is on the item that
the user desires to interact with. If the focus is not so positioned, the user repeats the

vertical swipes of step 1026 until the desired item is reached by the focus.

[0188] At step 1028, once the focus is on the item that the user desires to interact with, the
user selects the item by performing a single tap of the first touch sensor. By selecting the
item, audio-visual system 100 may respond in a variety of ways, such as changing the state
of some system object, indicating a change in state on the display apparatus, changing an
interaction with some external system etc. At this point, the user has selected the desired

item, so the process is complete.
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[0189] In some embodiments, the focus may be manipulated (e.g., changed between
applications, changed between items of an application, deactivated, etc.) through a variety
of user inputs. In one embodiment, a user may manipulate the focus using a variety of
touch inputs such as the ones described with reference to FIGS. 9A-9E. For example, a
horizontal or vertical swipe may cycle the focus between applications. In some
embodiments, a gesture performed on one screen may cycle the focus through all displays.
For example, a horizontal swipe on one display may move the focus from an application

displayed on CID 210 to ICD 220.

[0190] In some embodiments, the focus may be manipulated with a series of hard keys.
For example, buttons, knobs, dials, directional pads, joysticks, etc. may allow a user to
manipulate the focus. Hard key controls may be located on the steering wheel, on or near
the dashboard, on or near an instrument cluster, on or near a center counsel, embedded
within seats for use by passengers, in arm rests, in head rests, etc. In some embodiments,
touch controls may also be located in similar places. In further embodiments, touch inputs
and/or hard key inputs may be used interchangeably to control the focus. In one
embodiment, a user may tap a touch enabled display over the application and/or item on
which focus is desired to focus on that feature. A user may press an application to focus on
the application and press an item to focus on the item. In an additional embodiment, a user
may manipulate the focus using voice commands or inputs on a mobile device connected to

audio-visual system 100.

[0191] Referring particularly to FIGS. 10C-101, an exemplary process of user inputs
whereby a user can select a “1” digit on a phone keyboard is shown. The process illustrated
in FIGS. 10C-10I may be executed by the processes of FIGS. 10A-10B. In this example, an
exemplary CID 210 with a phone application 1032 and a phone keyboard application 1034
is shown. Additionally, an exemplary ICD 220 with a weather application 1036 is shown.

[0192] FIG. 10C shows audio-visual system 100 with the focus inactive. In FIG. 10D, the
user has activated the focus 1050, which has defaulted to being located on weather
application 1036. In FIG. 10E, the user has shifted the focus 1050 in a horizontal direction
to the right, where it passed off of the right side of the ICD 220 and onto the left side of the
CID 210. As a result, the focus 1050 is on phone application 1032. In FIG. 10F, the user
has shifted the focus 1050 in a horizontal direction to the right so that it is located on phone

keyboard application 1034, which is the desired application. The shifting of the focus 1050
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may be accomplished via a horizontal swipe as illustrated in FIG. 9A and/or other gestures

or hard key inputs as previously described.

[0193] In FIG. 10G, the user has selected phone keyboard application 1034, and the focus
1050 has shifted to an item within the virtual operating field of the phone keyboard
application. In this case, the focus 1050 has shifted to the “0” digit of the phone keyboard.
As shown, a secondary focus 1055 may be indicated on CID 210 to highlight to the user that
the focus is on an item within the phone keyboard application, although the focus is not on
the phone keyboard application itself. Secondary focus 1055 may be indicated by any of
the techniques previously described with reference to indicating focus. In some
embodiments, secondary focus and focus are indicated with different techniques. In other

embodiments, secondary focus and focus may be indicated using the same technique.

[0194] In FIG. 10H, the user has shifted the focus upwards and to the right to the “1” digit
item on the phone keyboard. For example, this may be accomplished via a vertical swipe as
illustrated in FIG. 9B, a button press on a hard key designated as upward movement,
pressing upward on a directional pad, etc. This is the desired item, so the user selects it
(e.g., with a tap as shown in FIG. 9D, pressing a hard key button designating as selecting,
etc.). In FIG. 10I, the user has selected the “1” digit item, and in response the phone
keyboard application has added a “1” digit to the phone number displayed in the center of
the virtual display field. At this point, the user has selected the desired item, so the process

is complete.

[0195] The disclosure in the preceding figures as to user inputs for selecting items in
audio-visual system 100 is exemplary, and other embodiments are foreseeable. By
example, other user inputs may be used to perform the functions described above, such as
pressing the first hardkey to activate the focus, using vertical swipes to navigate between
application, using horizontal swipes to navigate between items, etc. By further example,
though CID 210 and ICD 220 are displayed above as having the ICD 220 to the left of CID
210, a left horizontal swipe from the leftmost application in ICD 220 may cause the focus to
shift to the rightmost application in the CID 210, thus creating a sort of wrap-around effect

so that navigation between applications forms a circuit.

[0196] Embodiments of the present invention may allow further user inputs based on the
input device used. For example, where an application’s virtual operating field contains a

hierarchy of items, such as a hierarchical menu, the user may move “downwards” (away
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from the root) in the hierarchy by using a single tap of the first touch sensor, and move
“upwards” (towards the root) by pressing the first hardkey. As an additional example, a
second hardkey associated with the first touch sensor may immediately shift the focus to a
menu providing special options, such as the option to display any one of a preselected set of

applications that are considered “favorites.”

[0197] In some embodiments, performing a rotational swipe on the first touch sensor may
cause the focus to shift between applications, but only those applications that are both
currently being displayed on the various display apparatuses and considered favorites.
Additionally, audio-visual system 100 may be aware of the direction of the rotational swipe,
so that a clockwise rotational swipe moves the focus left to right through the favorites
applications, and a counter clockwise rotational swipe moves the focus right to left through

the favorites applications.

[0198] In some embodiments, a third hardkey associated with the second touch sensor
may immediately shift the focus to the stereo volume control, so that subsequent horizontal
or vertical swipes on the second touch sensor are effective to increase or decrease the stereo
volume. Similarly, a fourth hardkey associated with the second touch sensor may
immediately shift the focus to the volume control for certain headphone ports, so that
subsequent horizontal or vertical swipes on the second touch sensor are effective to increase

or decrease the volume of an audio signal delivered to the headphone ports.

[0199] Referring now to FIGS. 11A-11B, presentation of popups and warning
notifications are shown, according to some embodiments of the present invention.
According to some embodiments of the present invention, audio-visual system 100 may
change the applications that are assigned to virtual operating fields in the various display
apparatuses without input from a user. As one example, the audio-visual system 100 may

display warning messages to notify the user of a particular condition of importance.

[0200] FIG. 11A shows an exemplary ICD 220 with a weather application assigned to
display information in a centrally placed virtual operating field 1110. A speedometer and
tachometer are displaying information in reserved space on the right and left, respectively,

of the virtual operating field 1110.

[0201] In FIG. 11B, audio-visual system 100 changes the assignment of virtual operating
field 1110 to display information for warning popup 1120. As shown, warning popup 1120
informs the user that the automobile is low on fuel. The warning may be any type of

-43-



WO 2015/103371 PCT/US2014/072956

general warning providing information to the user about some present condition. The user
may choose to close the warning popup 1120 by, for instance, performing a single tap on a
first touch sensor. Upon closing the warning popup 1120, virtual operating field 1110 may

again display information for the previously displayed weather application.

[0202] The disclosure as to warning popups in the preceding figures is exemplary, and
other embodiments are foreseeable. By example, popups may be provided for other
purposes, such as for low tire pressure, an incoming telephone call, etc. By further
example, warning information may be presented in other forms, such as in a status bar
similar to status bar 520 discussed previously. Additionally, warning information and
popups may be presented in various forms on CID 210 and HUD 230. As discussed
previously, a reserved space 601 of HUD 230 may be specifically reserved for presented

warning indicators.

[0203] In some embodiments, a selection of a warning by a user, or the generation of the
warning itself, may cause one or more of the displays to update with further information
about the warning. For example, a low fuel level may result in a virtual operating field to
be displayed highlighting the fuel level. In such an example, a process such as that shown
in FIG. 4G or 5G may be initiates to resize and reposition virtual operating fields in the

displays.

[0204] In some embodiments, warning information and/or popups may close after a
predetermined amount of time. This may be customizable by a user. In still further
embodiments, warning information and/or popups may close upon occurrence of an event.
For example, a low fuel popup may stay active until additional fuel is detected (e.g., a user

fills automobile 1 with additional fuel).

[0205] Referring now to FIG. 12A, a process for managing applications and distributing
the display of applications across display apparatuses is shown, according to some
embodiments of the present invention. The process of FIG. 12A beings at step 1210 where
the user determines an application that the user desires to display as well as a particular
display apparatus on which the user wishes to display the application. In other
embodiments, the user may only provide the application selection and the display system
may choose the appropriate display apparatus. At step 1212, the user determines whether

the desired application is in the favorites list for the desired display apparatus.
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[0206] In the case where the desired application is in the favorites list for the desired
display apparatus as determined at step 1212, the user at step 1214 selects the desired
application from the favorites menu for the desired display apparatus. This may involve the
user performing a rotational swipe on a touch sensor associated with the desired display
apparatus in order to navigate through the list of favorites and select the desired application.
Based on this selection, audio-visual system 100 displays the desired application on the

desired display apparatus at step 1216.

[0207] In the case where the desired application is not in the favorites list for the desired
display apparatus as determined at step 1212, the user at step 1218 determines whether the
desired application is in the favorites list for some other display apparatus of audio-visual

system 100.

[0208] In the case where the desired application is in the favorites list for some other
display apparatus as determined at step 1218, the user at step 1220 selects the desired
application from the favorites menu for the other display apparatus. This may involve the
user performing a rotational swipe on a touch sensor associated with the other display
apparatus in order to navigate through the list of favorites and select the desired application.
The user may then perform a double tap on the touch sensor associated with the other
display apparatus in order to open a sub-menu for the desired application. The user may
then navigate down through a list of display apparatuses and select with a single tap the
desired display apparatus. Based on this selection, audio-visual system 100 displays the

desired application on the desired display apparatus at step 1216.

[0209] In the case where the desired application is not in the favorites list for some other
display apparatus as determined at step 1218, the user at step 1222 determines whether the

desired application has been loaded on audio-visual system 100.

[0210] In the case where the desired application has not been loaded on the audio-visual
system 100 as determined at step 1222, the user at step 1224 selects the desired application
to load onto audio-visual system 100, and audio-visual system 100 loads the desired
application. This may involve the user navigating to an applications store through a menu
provided on a display apparatus of audio-visual system 100, finding the application, and
selecting it to be loaded. This may further involve an agreement to pay a purchase price for
the application. This may also involve entry of authentication or authorization credentials

associated with the user or an account of the user.
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[0211] Once the application has been loaded to audio-visual system 100, the user at step
1226 selects the desired application to be added to the favorites list for some display
apparatus of audio-visual system 100. At this point, the process can continue essentially in
a fashion following the present process from step 1212, wherein the desired application will

be displayed on the desired display apparatus in step 1216 either via step 1214 or step 1220.

[0212] Referring now to FIG. 12B, an exemplary interface for application management is
shown, according to some embodiments of the present invention. The interface may be
provided on, for example, a CID. As shown, a display field 1250 of a first display apparatus
displays a menu 1252. The menu 1252 contains various items, including an application
store item and items for each application in the favorites list for the first display apparatus.
As shown, the navigation application item from menu 1252 has been selected, which results
in the display of a sub-menu 1254 for the navigation application. Sub-menu 1254 contains
a list 1256 of other display apparatuses. Using this 1256, a user can select another display
apparatus to cause audio-visual system 100 to display the navigation application on the

selected other display apparatus (e.g., ICD or HUD).

[0213] In some embodiments, a user uses the interface to select an application to be
displayed. The user may also select on which display devices to display the application. A
user may display an application on one or more of ICD, HUD, CID, passenger displays,
connected mobile devices, etc. In further applications, a user may select which virtual
operating field in which the application will be displayed and/or the size and properties of
the virtual operating field. The options available to a may be restricted. For example, a
user may not be able to remove or otherwise change a virtual operating field which displays

critical information.

[0214] In some embodiments, a user may select the display devices on which the
application is to be displayed, and audio-visual system 100 determines the virtual operating
field and or the characteristics of the virtual operating field in which the application is
displayed. In further embodiments, a user may reposition an application by assigning it to a
different virtual operating field. In still further embodiments, a user may move a virtual
operating field or otherwise alter a virtual operating field displaying an application. A
combination of virtual operating field assignments and alteration of virtual operating fields

may be used to customize one or more displays.
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[0215] In some embodiments, applications may be moved between screens according to
user input. For example, on a main screen (e.g., the ICD) thumbnail images may be
displayed for all active applications. The thumbnail images may be displayed in a ribbon at
the top of the display. Active applications running on the ICD in virtual operating regions
may be displayed adjacent (e.g., below) the ribbon. In some embodiments, a user uses the
ribbon of active applications in conjunction with inputs to move active applications between
display screens (e.g., HUD, ICD, CID, rear passenger display, etc.). For example, a user
may focus on an application (e.g., touching the application of a display device, highlighting
the application with hard key controls, touching the application image in the thumbnail

ribbon, or otherwise giving the application focus as previously described).

[0216] The user may then give an input which causes audio-visual system 100 to move
the application to a specific display. For example, a user may swipe down on the CID to
move an application to the CID. Continuing the example, a user may swipe up after
focusing on an application to move the application to the HUD. In further example, a user
may swipe to the left after focusing on an application to move the application to the ICD. In
further embodiments, alternative inputs may move applications. For example, a user may

move applications through menu selections, hard key controls, connected devices, etc.

[0217] The disclosure in the preceding figures as to application management in audio-
visual system 100 is exemplary, and other embodiments are foreseeable. By example,
displaying a desired application on a desired display apparatus may be performed by
selecting the application from a master list of loaded applications, regardless of whether the

application is associated with a favorites list for some display apparatus.

[0218] Referring now to FIG. 13, an exemplary configuration of an audio-visual system
for allowing provision of applications to input/output devices is shown, according to some
embodiments of the present invention. FIG. 13 shows some features previously introduced
in FIG. IC. As in FIG. 1C, there is an operating system layer 144 and a functional layer
146. Other features may be similar to those of FIG. 1C but are not shown.

[0219] In FIG. 13, functional layer 146 contains functional applications A 1310, which in
turn contains Application A 1312 and Application B 1314. Application A 1312 and
Application B 1314 may be separate applications, or they may be different instances of the

same application running in parallel. An interface/display apparatus mapper 1320 is further
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provided. Interface/display apparatus A 1330 and interface/display apparatus B 1332 are
further provided.

[0220] In the exemplary audio-visual system 100 of FIG. 13, the interface/display
apparatus mapper 1320 is provided to map input and output signals from applications to
input/output devices. As shown, interface/display apparatus mapper 1320 maps Application
A 1312 to interface/display apparatus A 1330. Interface/display apparatus mapper 1320
maps Application B 1314 to interface/display apparatus 1332. In this way, interface/display
apparatus mapper 1320 allows different input/output devices to display and receive input for

different applications, independent of what the other input/output devices are doing.

[0221] In some embodiments, interface/display apparatus mapper 1320 may manages
input and output between elements of audio-visual system 100. For example,
interface/display apparatus mapper 1320 may determine which application receives the
input when an input is registered on a display device or through a hard key control.
Interface/display apparatus mapper 1320 may determine which virtual operating field has
received an input and send that input to the corresponding application. Similarly,
interface/display apparatus mapper 1320 may control or otherwise cause a display device to

display application output in a virtual operating field corresponding to that application.

[0222] In some embodiments, interface/display apparatus mapper 1320 maps an Internet
radio streaming application to a CID 210 provided in the front of automobile 1, thereby
causing the audio stream data to be played over the stereo of automobile 1. At the same
time, interface/display apparatus mapper 1320 may map an Internet video streaming
application to a touchscreen display and associated audio output port device provided to a
passenger in a rear seat of automobile 1, thereby allowing the passenger in the rear seat to
view the Internet video stream on the provided device. In this way, audio-visual system 100
may allow different passengers of automobile 1 to interact with different applications

independently.

[0223] In some embodiments, interface/display apparatus mapper 1320 maps one instance
of an Internet radio streaming application to an output audio port provided to a first
passenger, while mapping a second instance of the same Internet radio streaming
application to an output audio port provided to a second passenger. In this way, audio-
visual system 100 may allow different passengers of automobile 1 to interact independently

with different instances of the same application running in parallel.
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[0224] In some embodiments, interface/display apparatus mapper 1320 maps the input to
a navigation application to a hand held device 350, while mapping the output of the
navigation application to an HUD 230. In this way, audio-visual system 100 may allow an
application to be controlled from a different input source than the source to which the output
is provided. This may be advantageous in a navigation application setting, where the driver
of automobile 1 is the primary observer of the output from the navigation application, and
as such, the HUD 230 may be the best output apparatus for the navigation application.
However, the driver of automobile 1 may not want to input information into the navigation
application, such as a destination address, so as not to be distracted while driving. In this
situation, the best passenger for providing input to the navigation application may be a
passenger in the front, non-driver seat or a passenger in a rear seat. In either case, the
passenger may use a device such as hand-held device 350 communicating over a wireless
connection to audio-visual system 100 in order to provide input information to the

navigation application.

[0225] Referring now to FIG. 14, a process for sharing audio-visual system information
between multiple vehicles is shown, according to some embodiments of the present
invention. In some situations it may be advantageous to allow a user of audio-visual system
100 in a first vehicle to transfer the configuration and preferences of audio-visual system

100 to a second vehicle.

[0226] The process to do so begins at step 1410, where relevant information such as
configuration information, preferences information, and display layout information is stored
at audio-visual system 100 in the first vehicle. At step 1412, the stored information may
then be transferred to an intermediate location, such as a server or other network based
device. At step 1414, the stored information may then be loaded onto audio-visual system
100 in the second vehicle. This transfers may be performed through physical transfer media

such as storage disks, or through wireless communications.

[0227] This process may be advantageous where the first vehicle is the primary vehicle of
a user, while the second vehicle is a rental vehicle of the user. This process would thereby
allow the user to continue using audio-visual system 100 in the accustomed fashion while in
the second vehicle without any reconfiguration in the second vehicle. This process may be
advantageous in other scenarios where the first vehicle is the primary vehicle of a user,

while the second vehicle is a newly purchased vehicle of the user. This process would
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thereby allow the user to continue use of audio-visual system 100 in the accustomed fashion

in the new vehicle without any reconfiguration in the new vehicle.

[0228] This process may be advantageous in other scenarios where the first vehicle is a
master vehicle, potentially a virtual vehicle, for a rental car company, and the second
vehicle is any vehicle that is rented to customers of the rental car company. This process
would thereby allow the rental car company to reset the rented vehicle the a default setup, or
one of multiple default setups, after rental by a customer so as to ensure a standard setup of

audio-visual system 100 for the next customer to rent the vehicle.

[0229] In some embodiments, layout information is stored within memory located within
an automobile key, fob, or other like device. An automobile 1 may be configured to retrieve
the layout information when the key or fob is inserted into a corresponding receptacle in the
automobile 1. For example, the key or fob may transfer the layout information through a
wired contact such as a USB or like connection. In other embodiments, an automobile 1
may retrieve the information stored on the key or fob using a wireless protocol. In further
embodiments, a key or fob may have an identification code stored. This identification code
may be retrieved by an automobile 1 wirelessly or through a wired connection (e.g., by
radio frequency identification, Bluetooth, USB connection, etc.). Audio-visual system 100
may retrieve layout information corresponding to the identification code of the key or fob
from a remote storage location (e.g., a server) and apply the layout information to the

automobile 1.

[0230] Referring now to FIG. 15, a process for loading software applications onto an
audio-visual system is shown, according to some embodiments of the present invention.
The process of FIG. 15 begins at step 1510. At step 1510, a user connects a user device to
audio-visual system 100. This user device may be a smartphone, other cellular telephone,
tablet computer, or other personal device capable of connecting to audio-visual system 100
by a wired or wireless connection. The user may be connecting the user device to audio-
visual system 100 for any of a variety of reasons. For example, the user may be connecting
the user device to audio-visual system 100 to use the user device as an input device to

audio-visual system 100.

[0231] At step 1512, audio-visual system 100 determines which software applications are
loaded on the user device. Audio-visual system 100 may make this determination in a

variety of ways. Audio-visual system 100 may query the user device as to which software
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applications are loaded thereon. The user device may provide a listing of software
applications that are loaded on it without querying by audio-visual system 100. In some
embodiments, a user prompts audio-visual system 100 to query the user device. In other
embodiments, audio-visual system 100 queries the user device automatically when the user

device connects to audio-visual system 100.

[0232] At step 1514, audio-visual system 100 determines the applications already loaded
on audio-visual system 100. Audio-visual system 100 may determine the applications

stored in memory already and generate data set including already loaded applications.

[0233] At step 1516, audio-visual system 100 determines a delta set of software
applications. This delta set contains the applications that are on the user device but not on
audio-visual system 100. The delta set serves as a candidate set of software applications for
loading onto audio-visual system 100. In some embodiments, audio-visual system 100
compares the data set of already loaded applications to the listing of software applications

loaded onto the user device.

[0234] At step 1518, audio-visual system 100 searches for versions of the software
applications in the delta set that are specifically tailored to audio-visual system 100. A
version of a software application that is specifically tailored to audio-visual system 100 may
mean that the version of the software application was designed for use in automobiles.
Alternatively, a version of a software application that is specifically tailored to audio-visual
system 100 may mean that the version is designed to work on display apparatuses of the

resolution that are available as part of audio-visual system 100.

[0235] Audio-visual system 100 may search for versions of software applications in a
variety of locations. Audio-visual system 100 may search an applications store associated
with a manufacturer of the user device or software running thercon. Audio-visual system
100 may search an applications store associated with the manufacturer of the vehicle 1.
Audio-visual system 100 may search an applications store associated with the manufacturer

of audio-visual system 100.

[0236] In some embodiments, audio-visual system 100 determines if the application

loaded on the user device is compatible with audio-visual system 100 (e.g., that the

application may be downloaded from the user device for use on audio-visual system 100,

the application may be run on the user device with output provided to audio-visual system

100, etc.). In some embodiments, software applications not intended for use with audio-
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visual system 100 may be downloaded or otherwise obtained by audio-visual system 100 to
be run on audio-visual system 100 in a compatibility mode. For example, audio-visual
system 100 may run a version of a standard mobile operating system and run applications
using a processing core running that standard mobile operating system. In still further
embodiments, application may be acquired from other sources (e.g., downloaded from

websites, acquired from third party stores, etc.).

[0237] In some embodiments, a converter may be used to convert applications not
intended to run on audio-visual system 100 into applications which are compatible with
audio-visual system 100. Conversion may include of resizing features, altering display
resolutions, selecting information to be displayed, changing images or icons, etc. The
converter may be executed by a core of the multi-core processing environment which
controls human machine interface functions of audio-visual system 100. In some
embodiments, the converter may be provided by a third party and run as an application.
This application may be a dedicated application for converting other applications. In other
embodiments, the converter may be included as a component of an application. In still
further applications, the converter is shared. The converter may include application side
components (e.g., providing application output options of different configurations,
information, resolutions, etc.) and audio-visual system 100 side components (e.g., modules
which select the output configuration from the application, resize information, select from

items to be displayed, etc.).

[0238] Still referring to FIG. 15, at step 1520, audio-visual system 100 queries the user as
to if the user wants to load the discovered versions of software applications onto audio-
visual system 100. This querying may be performed in a variety of ways. Audio-visual
system 100 may provide a visual prompt on a display apparatus provided as part of audio-
visual system 100. Audio-visual system 100 may cause a visual prompt to be displayed on
a display screen of the user device. Audio-visual system 100 may play an audio prompt on

speakers of the vehicle 1. The audio prompt may be played on a speaker of the user device.

[0239] At step 1522, the audio-visual system 100 determines if the user wants to install
the software applications to the audio-visual system 100. In the case where the user does
not want to install the software applications to audio-visual system 100, the process ends at
step 1524. In the case where the user does want to install the software applications to

audio-visual system 100, the process continues at step 1526. At step 1526, audio-visual
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system 100 checks to see if credentials are required in order to install the software
application to audio-visual system 100. These credentials may be required by the
applications store from which the software application will be obtained in order to identify

the user.

[0240] At step 1528, the audio-visual system 100 determines if credentials are required to
load the software application to audio-visual system 100. In the case where credentials are
not required, audio-visual system 100 loads the software application at step 1536. In the
case where credentials are required, the audio-visual system continues at step 1530. At step
1530, audio-visual system 100 checks to see if the credentials are already available. Audio-
visual system 100 may check to see if the credentials are already stored in audio-visual
system 100. Audio-visual system 100 may query the user device to see if the credentials are

already stored thereon.

[0241] At step 1532, audio-visual system 100 determines if the credentials are already
available. In the case where the credentials are already available, audio-visual system 100
loads the software application at step 1536. In the case where the credentials are not already
available, audio-visual system 100 queries the user for the credentials at step 1534. Audio-
visual system 100 then loads the software application at step 1536. In the preceding
discussion, credentials may include certificates, encryption keys, information related to
digital rights management, device authorizations, etc. In some embodiments, audio-visual
system 100 may prompt a user to acquire credentials. For example, audio-visual system

100 may provide a visual prompt to a user which allows a user to purchase an application
from an applications store, put in password information, authorize audio-visual system 100,

etc.

[0242] The disclosure in the preceding figure as to application loading in audio-visual
system 100 is exemplary, and other embodiments are foreseeable. By example, audio-
visual system 100 may have a predefined list of applications that it queries the user for
loading. This may be done instead of or in addition to steps 1512 to 1518. By further
example, audio-visual system 100 may take a variety of actions if credentials are not
provided or are provided but not accepted by the applications store. Audio-visual system
100 may query or re-query the user for credentials. Audio-visual system 100 may terminate

the process.
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[0243] Referring now to FIG. 16, a process for using a user device as an input control
device for an audio-visual system is shown, according to some embodiments of the present
invention. The process of FIG. 16 begins at step 1610. At step 1610, a user connects a user
device to audio-visual system 100. This user device may be a smartphone, other cellular
telephone, tablet computer, or other personal device capable of connecting to audio-visual
system 100 by a wired or wireless connection. The user may be connecting the user device
to audio-visual system 100 for any of a variety of reasons. For example, the user may be
connecting the user device to audio-visual system 100 to use the user device as an input
device to audio-visual system 100. In the present example, the user device has a
touchscreen display. Alternatively, the user device may have a touch sensor and a separate
output display. In other embodiments, the user device may not have a touchscreen sensor

and/or display. The user device may have hardware for receiving user inputs.

[0244] At step 1612, audio-visual system 100 has detected the user device and queries the
user as to whether the user wants to use the user device as a control apparatus for audio-
visual system 100. This querying may be performed in a variety of ways. Audio-visual
system 100 may provide a visual prompt on a display apparatus provided as part of audio-
visual system 100. Audio-visual system 100 may cause a visual prompt to be displayed on
a display screen of the user device. Audio-visual system 100 may play an audio prompt on
speakers of vehicle 1. Audio-visual system 100 may cause an audio prompt to be played on

speakers of the user device. In some embodiments, multiple prompts may be provided.

[0245] At step 1614, audio-visual system 100 determines if the user wants to use the user
device as a control apparatus for audio-visual system 100. In some embodiments, audio-
visual system and or the user device may prompt the user to provide an input. For example,
a user may respond to a prompt to use the user device as a control. In other embodiments, a
user may provide a personal identification number or other password to one or both of
audio-visual system 100 and the user device. For example, audio-visual system 100 and the
user device may go through a pairing process. In the case where the user does not want to
use the user device as a control apparatus, the process terminates at step 1616. In the case
where the user does want to use the user device as a control apparatus, audio-visual system
100 may accept a variety of user inputs as control inputs to audio-visual system 100. For
example, audio-visual system 100 may accept touch inputs, gestures, data transfer,

commands, etc. as inputs.

-54-



WO 2015/103371 PCT/US2014/072956

[0246] At step 1618, audio-visual system 100 transmits information to the user device in
order to allow the user device to display a display apparatus overview. This display
apparatus overview may be a simulation of the display fields for the display apparatuses of
audio-visual system 100. This simulation may include a miniaturized and/or summarized
version of each virtual operating field currently in use in audio-visual system 100. This
simulation may include grouping and arranging virtual operating fields based on their layout
on a display apparatus in audio-visual system 100. This simulation may include showing an
indication of where the focus currently is in audio-visual system 100. This simulation may
include various softkeys displayed on a touchscreen or touch sensor of the user device so as

to allow the user to perform particular functions by tapping those softkeys.

[0247] Through these and other features of the display apparatus overview shown on the
user device, the user is able to view what applications and what content is currently being
displayed in audio-visual system 100. This allows the user to then provide further input to
manage those applications. In this way, the user has on the user device a sort of dashboard
showing the audio-visual system 100 and allowing the user to easily control audio-visual
system 100. In other embodiments, audio-visual system 100 may provide additional
information to the user device. For example, audio-visual system 100 may provide set-up
or customization menu options to a user through the user device. In further embodiments,
the user device may treated as one or more additional virtual operating fields for displaying
applications. In other embodiments, audio-visual system 100 may utilize computational
resources of the user system to support the functionality of audio-visual system 100. For
example, audio-visual system 100 may treat the user device as an additional processing

core.

[0248] At step 1620, if the user performs a swipe on a touchscreen or touch sensor
associated with the user device, the user device passes this control signal on to audio-visual
system 100. This swipe may be horizontal, vertical, circular, or otherwise. At step 1622,
audio-visual system 100 interprets this input control as requesting a change of focus.
Audio-visual system 100 changes the focus in accordance with the input. Audio-visual
system 100 may detect the direction of the swipe and change the focus accordingly. If the
focus is currently on an application, audio-visual system 100 may change the focus to
another application. If the focus is currently on an item in an application, audio-visual

system 100 may change the focus to some other item in that same application.
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[0249] At step 1624, if the user performs a single tap on a touchscreen associated with the
user device where a simulation of a particular virtual operating field is displayed, the user
device passes this control signal on to audio-visual system 100. In step 1626, audio-visual
system 100 interprets this input control as requesting that the focus shift to the application
displaying information in the virtual operating field on which the user performed the single

tap. Audio-visual system 100 changes the focus in accordance with the input.

[0250] At step 1628, if the user performs a single tap on a softkey displayed on a
touchscreen associated with the user device, the user device passes this control signal on to
audio-visual system 100. In step 1630, audio-visual system 100 interprets this input control
as requesting that the particular function associated with the selected softkey be executed.
Audio-visual system 100 executes the selected function in accordance with the input. By
way of example, the user may tap a softkey labeled “main menu.” In this case, audio-visual

system 100 may display a main menu screen on the user device.

[0251] Atstep 1632, if the user performs a double tap on a touchscreen or touch sensor
associated with the user device, the user device passes this control signal on to audio-visual
system 100. At step 1634, audio-visual system 100 interprets this input control as
requesting that the focus shift to a sub-menu of the item on which the focus is currently

located. Audio-visual system 100 changes the focus in accordance with the input.

[0252] The disclosure in the preceding figure as to control inputs to audio-visual system
100 is exemplary, and other embodiments are foreseeable. By example, audio-visual
system 100 may automatically accept control inputs from the user device without first
querying the user in step 1612 as to whether this is desired. By further example, audio-
visual system 100 may accept control inputs from the user device without the user device
displaying a display apparatus overview in step 1618. By further example, the display
apparatus overview may be displayed on the user device as part of an application loaded on
the user device. When audio-visual system 100 determines to accept control inputs from the
user device, it may cause the launch of an application loaded on the user device so that the
display apparatus overview is presented as in step 1618. By further example, audio-visual
system 100 may accept control input from a hardkey associated with the user device. For
instance, audio-visual system 100 may increase or decrease the volume of the audio output
for vehicle 1 when the user depresses an up or down volume hardkey on the user device.

By further example, audio-visual system 100 may recognize as control inputs other types of
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inputs at the user device, such as other swipe techniques. In additional embodiments, the
above described interaction between audio-visual system 100 and the user device may

accept other inputs (e.g., other types of touch gestures).

[0253] Referring now to FIG. 17, a process for selecting an appropriate application layout
in an audio-visual system is shown, according to some embodiments of the present
invention. The process of FIG. 17 begins at step 1710. At step 1710, audio-visual system
100 has assigned an application to a particular virtual operating field. In this embodiment,
the application is not yet being displayed in the virtual operating field. However, this
process may also be used where the application is already being displayed in the virtual
operating field. This process may also be used where the application is already being
displayed in the virtual operating field, but the virtual operating field has been resized
and/or rearranged. Based on the assignment of the application to the virtual operating field,
audio-visual system 100 needs to prepare the content of the application for display in the
virtual operating field based at least on the horizontal and vertical dimensions of the vertical

operating field.

[0254] At step 1712, audio-visual system 100 determines which predefined layout for the
application is best for the virtual operating field. In this embodiment, it is assumed that the
application has one or more predefined layouts. One such predefined layout may be a
portrait layout, i.e., where a vertical dimension is greater than or equal to a horizontal
dimension. One such predefined layout may be a landscape layout, i.e., where a horizontal
dimension is greater than or equal to a vertical dimension. One such layout may be a
vehicle-specific layout. A vehicle-specific layout may be a layout that is designed
specifically for the typical dimensions of virtual operating fields in systems such as audio-
visual system 100. This layout may be particularly available for applications that are loaded
on audio-visual system 100 with a vehicle-specific version of the application as previously

discussed.

[0255] In some embodiments, different geometric shapes are possible for virtual operating
fields. In other embodiments, the virtual operating field is selected to optimize and/or
minimize the amount of preparing of the content of the application. In further
embodiments, a virtual operating field is selected for an application based on characteristics
of the virtual operating field which most closely match the optimum virtual operating field

characteristics for the application. For example, an application which optimally is displayed
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in portrait configuration may be assigned to be displayed in a virtual operating field that is

already configured to display information in portrait layout.

[0256] Determining which predefined layout for the application is best for the virtual
operating field may take various forms. In one approach, audio-visual system 100 may
select as a best layout any layout that can be scaled by equal ratios in the vertical and
horizontal dimensions so as to fit precisely to the vertical and horizontal dimensions of the
virtual operating field. Where no such layout exists that fits the virtual operating field
precisely with equal scaling on both dimensions, audio-visual system 100 may select as the
best layout that layout which has the smallest difference in scaling ratios between the
vertical and horizontal dimensions in order to make each dimension fit the virtual operating
field. As an example, a virtual operating field may have 1 unit by 1 unit vertical and
horizontal dimensions. A portrait layout for an application may have 3 unit by 1 unit
vertical and horizontal dimensions. A landscape layout for the application may have 1 unit
by 2 unit vertical and horizontal dimensions. In this case, the portrait layout requires 3x the
vertical scaling as the horizontal scaling, while the landscape layout requires 2x the
horizontal scaling as the vertical scaling. As such, the landscape layout is best because the

difference in scaling for the dimensions is smaller.

[0257] A variety of other selection criteria for selecting a best layout may be used. For
example, layouts may be selected in order to maximize the number of applications, items,
and/or information which can be displayed on a display device having set dimensions. In
other embodiments, each function may provide its optimum display dimensions (e.g.,
aesthetically, information maximization, etc.) to audio-visual system 100. Audio-visual
system 100 may take this information into account when assigning applications to available

virtual operating fields.

[0258] Still referring to FIG. 17, at step 1714, audio-visual system 100 determines if the
best predefined layout for the application fits the virtual operating field without further
modification. For this embodiment, fitting without further modification may mean that the
application layout requires equal scaling in the vertical and horizontal dimensions, but then
fits precisely into the virtual operating field. For example, a layout with 2 unit by 2 unit
dimensions would fit without further modification a virtual operating field with 1 unit by 1

unit dimensions.
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[0259] In the case where the best predefined layout for the application fits the virtual
operating field without further modification, audio-visual system 100 displays the
application in the virtual operating field with the equal scaling at step 1730. In the case
where the best predefined layout for the application does not fit the virtual operating field
without further modification, the process continues at step 1716. At step 1716, audio-visual
system 100 checks if the content of the application can be individually controlled by audio-
visual system 100. For instance, audio-visual system 100 may check whether the
application content includes a video field, a series of icon picture fields, and other separate

fields that the audio-visual system 100 can rearrange within the virtual operating field.

[0260] At step 1718, audio-visual system 100 determines if the application content can be
individually controlled by audio-visual system 100. In the case where the application
content can be individually controlled by audio-visual system 100, the process continues at
step 1720. In step 1720, audio-visual system 100 rearranges the application content so that
it better fits into the dimensions of the virtual operating field. For instance, for a virtual
operating field with 1 unit by 1 unit vertical and horizontal dimensions, an application may
have a best predefined layout with 0.5 unit by 2.0 unit vertical and horizontal dimensions.
In this example, the best predefined layout may be a video display field with 0.5 unit by 1.0
unit dimensions on the left and a series of icons totaling 0.5 unit by 1.0 unit dimensions on
the right. In this case, audio-visual system 100 may rearrange the application content so
that the icons are arranged over the video display field, giving a total of 1.0 unit by 1.0 unit

dimensions.

[0261] Audio-visual system 100 may perform a variety of other rearrangement techniques
in order to better arrange the application content for the virtual operating field. In
particular, audio-visual system 100 may rearrange the application content in a way that
reduces the differences in scaling between the vertical and horizontal dimensions. In this
way, even if the application content does not perfectly fit the virtual operating field after the
rearranging activity, the ratio of the vertical and horizontal dimensions will better fit the
ratio of vertical and horizontal dimensions of the virtual operating field after the rearranging

activities.

[0262] At step 1722, audio-visual system 100 determines if the application content after
rearrangement now fits the virtual operating field. In the case where the rearranged

application content now fits the virtual operating field, audio-visual system 100 displays the
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application in the virtual operating field based on the rearranging at step 1730. In the case
where the application content cannot be individually controlled by audio-visual system 100,
or the rearranged application content still does not fit the virtual operating field, the process

continues at step 1724.

[0263] At step 1724, audio-visual system 100 scales the application so that a first
dimension fits precisely in the same dimension for the virtual operating field. Audio-visual
system 100 may select the first dimension for scaling in a variety of ways. Audio-visual
system 100 may select the longest dimension of the virtual operating field as the dimension
of the application to determine scaling. Audio-visual system 100 may select the shortest
dimension of the virtual operating field as the dimension of the application to determine
scaling. Audio-visual system 100 may select the longest dimension of the application as the
dimension of the application to determine scaling. Audio-visual system 100 may select the
shortest dimension of the application as the dimension of the application to determine
scaling. Audio-visual system 100 may always select the vertical dimension as the
dimension of the application to determine scaling. Audio-visual system 100 may always
select the horizontal dimension as the dimension of the application to determine scaling. In
other embodiments, audio-visual system 100 may prompt the user to select a fewer number
of applications to display or otherwise determine a subset of applications to display (e.g.,
based on frequency of use, priority, favorite status, etc.). Some applications may not be

displayed in order to fit the applications on to a display without scaling.

[0264] At step 1726, audio-visual system 100 determines if the application content after
scaling now fits the virtual operating field. In the case where the scaled application content
now fits the virtual operating field, audio-visual system 100 displays the application in the
virtual operating field based on the scaling at step 1730. In the case where the scaled
application content still does not fit the virtual operating field, the process continues at step

1728.

[0265] At step 1728, audio-visual system 100 crops the application display in the second
dimension. This cropping may be performed in a variety of ways. Audio-visual system 100
may equally crop each end of the application in the second dimension until the second
dimension of the application fits the second dimension of the virtual operating field. Audio-
visual system 100 may crop all of one end of the application in the second dimension until

the second dimension of the application fits the second dimension of the virtual operating

-60-



WO 2015/103371 PCT/US2014/072956

field. Audio-visual system 100 may crop the application in some other fashion until the
second dimension of the application fits the second dimension of the virtual operating field.
Upon cropping the application, the application fits the virtual operating field in both

dimensions, and audio-visual system 100 displays the application at step 1730.

[0266] The disclosure in the preceding figure as to selecting application layout in an
audio-visual system 100 is exemplary, and other embodiments are foresecable. By
example, instead of cropping the application in the second dimension at step 1728, audio-
visual system 100 may further scale the application in the first dimension until the second
dimension of the application also fits in the virtual operating field. This may leave blank
spaces in the virtual operating field based on the further scaling. By further example, where
blank spaces are included in the virtual operating field, audio-visual system 100 may
perform stretching of the application display to fill the blank spaces. By further example,
audio-visual system 100 in step 1720 may perform additional functions in addition to
rearranging application content. For instance, audio-visual system 100 may remove some

parts of the content of the application from being displayed.

[0267] In some embodiments, audio-visual system 100 selects only one or a few content
parts for display as the application display in the virtual operating field. Further, any
combination of rearranging, cropping, and scaling may occur in the process of FIG. 17 to
cause the application to display properly in the virtual operating field. In one embodiment,
the process of FIG. 17 may use the visibility of the contents of the application (e.g., text
size, clarity, resolution) to help determine a proper layout in the virtual operating field (e.g.,
making sure pictures or text are not too small or distorted). In another embodiment,
applications provide data to audio-visual system 100 regarding items which may be omitted,
dimensions to be scaled first, etc. to assist in fitting the application to a virtual operating
field.

[0268] Referring now to FIG. 18, a process for controlling the display of content in an
audio-visual system is shown, according to some embodiments of the present invention.
For an embodiment of audio-visual system 100 in a vehicle, it may be beneficial to control
the type of content that can be displayed. For instance, there may be legal restrictions on
whether motion video can be displayed to a driver of vehicle 1. Additionally, there may be

safety concerns even in absence of legal restrictions as to whether disruptive or distracting
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content may distract a driver of vehicle 1. For these and other reasons, audio-video system

100 may control the display of content in some embodiments.

[0269] The process of FIG. 18 begins at step 1810. At step 1810, audio-visual system 100
first identifies what display apparatus an application will be displaying to. This may entail
determining which virtual operating field the application has been assigned to. Audio-
visual system 100 may make this determination in situations where the type of content that
can be displayed on one display apparatus is different from that which can be displayed on
another display apparatus. This varied set of restrictions based on display apparatus may
result in a head-up display (“HUD”) being severely restricted as to the content that can be
displayed. This strong restriction may be chosen given that the head-up display is directly
in the driver’s field of vision while operating vehicle 1. The instrument cluster display
(“ICD”) may be the next most strongly restricted display apparatus given that it is also more
or less in the driver’s field of vision while operating vehicle 1. The center information
display (“CID”) may be the next most strongly restricted display apparatus given that it is
not so directly in the driver’s field of vision while viewing directly forward, but may
distract the driver’s attention away from the road. A backseat display apparatus or other
apparatus not ordinarily in view of the driver of vehicle 1 may have the least restrictions

given that content on that display apparatus is less likely to distract the driver of vehicle 1.

[0270] At step 1812, audio-visual system 100 determines the current vehicle context.
This may entail determining some characteristics of the vehicle’s current actions or
environment. Such characteristics may further impact what content can be displayed on the
display apparatuses of audio-visual system 100. For instance, while the vehicle is in a
forward or reverse gear, the ordinary restrictions as to distracting content may be in effect
for all display apparatuses. However, when the vehicle is in a “park”™ or other stationary
gear, audio-visual system 100 may remove or relax the restrictions on content display. This
may be beneficial to allow the driver of vehicle 1 to view application content when the

vehicle 1 is safely parked and as such not at risk of accident or collision.

[0271] Audio-visual system 100 may consider other contextual information, such as the
speed of the vehicle. If the vehicle has a speed of greater than 0 mph, then audio-visual
system 100 may apply the ordinary content restrictions. However, audio-visual system 100
may remove or relax the content restrictions if vehicle 1 has a present speed of 0 mph. In

some embodiments, contextual information includes the current weather conditions that
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may affect the driver’s ability to concentrate on operating the vehicle, such as whether it is
raining, whether heavy fog is present, etc. In some embodiments, contextual information
includes the level of light outside the vehicle, such as a determination of whether it is dark
or daylight. In some embodiments, audio-visual system 100 takes into account any manual
restrictions on content entered into audio-visual system 100 by the operator, manufacturer,

or otherwise of vehicle 1.

[0272] Still referring to FIG. 18, at step 1814, audio-visual system 100 analyzes the
application for whether it can be displayed on the assigned display apparatus with the
current context. In this step, audio-visual system 100 may consider information available as
to the application in general, and not as to the content that it is providing at the present time.
Based on this application information, audio-visual system 100 may determine to modify or

prevent the display of information for the application on the assigned display apparatus.

[0273] For example, audio-video system 100 may have access to a “whitelist” of
applications that can always be displayed. For an application on the whitelist, audio-video
system 100 may automatically display its full information in step 1818 without further
considerations. The whitelist may contain two-dimensional data, containing both
applications and the types of display apparatuses on which the applications are whitelisted.
For example, a navigation application may be whitelisted for the HUD, ICD, CID, and
backseat display apparatuses. However, a news application may only be whitelisted for the
ICD, CID, and backseat display apparatuses. In addition, the whitelist functionality need
not whitelist all content for the application. For instance, where an application contains
individually controllable content elements, certain identifiable content elements may be
whitelisted while other may not. For example, a weather application may contain image
content displaying the current weather conditions. This content may be whitelisted on all
display apparatuses. The weather application may contain video content displaying short
videos of local weather forecasters explaining the local forecast. This content may not be
whitelisted at all, or may be whitelisted on only the CID and/or backseat display. In some
embodiments, the “whitelist” may be user controlled (e.g., through menu input of audio-
visual system 100). In other embodiments, audio-visual system 100 may automatically
whitelist certain applications or portions thereof based on the considerations discussed
above. In further embodiments, an application (e.g., as downloaded from an applications
store) may provide instructions to audio-visual system 100 to place the application or a part

thereof on the “whitelist.”
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[0274] Similar to the whitelist functionality, audio-visual system 100 may implement a
“blacklist” functionality. Audio-visual system 100 may prevent display of information for
the blacklisted application on any display apparatus. Additionally, the blacklist may specify
particular types of display apparatuses on which a particular application is blacklisted. As
another approach, audio-visual system 100 may prevent the application from originally
being loaded on audio-visual system 100 if it is blacklisted for all display apparatuses of
audio-visual system 100. As an example, a YOUTUBE application may be blacklisted for
the HUD and ICD display apparatuses. Therefore, audio-visual system 100 may prevent
information from being displayed for the YOUTUBE application on those display
apparatuses. As another example, a YOUTUBE application may be blacklisted for the CID
display apparatus while vehicle 1 is in motion, but not blacklisted for the CID display
apparatus while vehicle 1 is parked. In some embodiments, the “blacklist” may be user
controlled (e.g., through menu input of audio-visual system 100). In other embodiments,
audio-visual system 100 may automatically blacklist certain applications or portions thereof
based on the considerations discussed above. In further embodiments, an application (e.g.,
as downloaded from an applications store) may provide instructions to audio-visual system

100 to place the application or a part thereof on the “blacklist.”

[0275] In some embodiments, audio-visual system 100 considers categorization
information of the application in the application store where it was retrieved in step 1814.
Audio-visual system 100 may implement rules for particular application categorizations.
For example, audio-visual system 100 may prevent display on the HUD or CID display
apparatuses of information for any application that has a categorization of “game” or
“video” in the application store. To the contrary, audio-visual system 100 may allow
display on the HUD or CID display apparatuses of information for any application that has a
categorization of “weather” or “audio” in the application store. In other embodiments,
audio-visual system 100 may consider information provided by the application (e.g.,

embedded in the application).

[0276] At step 1816, audio-visual system 100 analyzes the application content for whether
it can be displayed on the assigned display apparatus with the current context. In this step,
audio-visual system 100 may consider information available as to the actual content being
provided at the present time by the application, and not simply the application in general.

Based on this application content information, audio-visual system 100 may determine to
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modify or prevent the display of information for the application on the assigned display

apparatus.

[0277] Audio-visual system 100 may analyze the content being provided by the
application for any content tags that indicate a potentially disruptive type of content. For
instance, for an application that is providing content using the HTMLS5 specification, audio-
visual system 100 may monitor the content for a “<video>" tag that would indicate the
delivery of video content by the application. Other forms of markup in the content
delivered by the application may also be detected. Based on detecting such an indication of
potentially distracting content, audio-visual system 100 may block the application content

entirely or the identified content in particular.

[0278] Audio-visual system 100 may analyze the use of the graphics processing unit
(“GPU”) frame buffer being used for the application to detect video content. While a
variety of techniques may be used to detect motion-video content in the frame buffer, audio-
visual system 100 may for instance detect a rate of change for pixel information in the
frame buffer. A high rate of change for a large or concentrated portion of the pixels in the
virtual operating field may indicate that motion video is being displayed. In such a
situation, audio-visual system 100 may block the application content entirely or a particular

field of the virtual operating field where the video content seems to be displayed.

[0279] Audio-visual system 100 may analyze the downlink rate of data transfer for the
application in order to detect video content. Audio-visual system 100 may monitor for a
high data transfer rate for a particular application on the downlink from a server or base
station to audio-visual system 100 or a user device where the application is running. Audio-
visual system 100 may treat a high data transfer rate as indicative of video content being
downloaded and displayed. In such a situation, audio-visual system 100 may block the
application content entirely. Additionally, to avoid accidentally blocking an application that
is momentarily performing a large download of non-video data, audio-visual system 100
may check that the high data transfer rate be maintained for a length of time before deciding

that the activity is indicative of video content.

[0280] Audio-visual system 100 may monitor the application for loud audio outputs to the
audio system of vehicle. While the previous few examples discussed restrictions on video
content, other content may also be restricted. For example, large spikes in audio output

intensity may be restricted so as to avoid distracting the driver of vehicle 1 with a sudden
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loud noise. Audio-visual system 100 may perform this monitoring and prevention in
software by analyzing the data sent for an application to the audio output of vehicle 1.
Audio-visual system 100 may perform this monitoring in hardware by electrically limiting
the audio output of vehicle 1. Audio-visual system 100 may monitor various audio content
characteristics. Audio-visual system 100 may monitor the audio output intensity that may
be viewed as a volume level, power of output, or pressure of sound waves. Audio-visual
system 100 may monitor a rate of change in audio output intensity, so that sudden changes

in audio output intensity are limited.

[0281] At step 1818, audio-visual system 100 decides what content to display based on
the previous determination and analysis steps. Audio-visual system 100 may take a variety
of actions in order to restrict display of particular content. Based on the presence of
restricted content, audio-visual system 100 may entirely block the display of information for
the application. Audio-visual system 100 may block the particular content identified to be
restricted if such individual control of content is possible. Audio-visual system 100 may
block a portion of the virtual operating field for the application, if a particular portion of the
virtual operating field is being used to display the restricted content. Audio-visual system
100 may temporarily pause the display of the restricted content until some condition such as
a vehicle context changes. Audio-visual system 100 may present a notification to the user
that restricted content was detected and stopped from being displayed. For restricted
motion video content in particular, audio-visual system 100 may manually reduce the
refresh rate for the application’s virtual operating field so that the motion video no longer
displays as motion video (but rather as slowly updated still images). Audio-visual system
100 may perform this refresh rate control by directly interfacing with the GPU. Audio-
visual system 100 may perform this refresh rate control by regularly discarding video
content for the virtual operating field. Audio-visual system 100 may take a variety of other

steps to mitigate the effect of the restricted content being displayed to the user.

[0282] The disclosure in the preceding figure as to controlling the display of content in an
audio-visual system 100 is exemplary, and other embodiments are foreseeable. For
example, the steps involving analysis and determination at steps 1810-1816 may be
performed in a different order. By further example, some embodiments of audio-visual
system 100 may not use vehicle context information and thus may skip step 1812. By
further example, some embodiments of audio-visual system 100 may use rules for the entire

system regardless of the display apparatus and thus may skip step 1810. By further
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example, the activity described in this process may be performed at a variety of timings in
audio-visual system 100. For instance, this process may be performed when audio-visual
system 100 is first powered on. This process may be performed when audio-visual system
100 performs new assignments of applications to virtual operating fields. This process may
be performed on an ongoing basis while audio-visual system 100 is powered on. In other
embodiments, the content which is displayed may be controlled partially or wholly by the
applications. For example, applications may provide display instructions to audio-visual
system 100 which are considered in determining what content to display. In additional
example, applications may solely determine what content is displayed by providing display

instructions to audio-visual system 100 which carries out those instructions.

[0283] The construction and arrangement of the systems and methods as shown in the
various exemplary embodiments are illustrative only. Although only a few embodiments
have been described in detail in this disclosure, many modifications are possible (e.g.,
variations in sizes, dimensions, structures, shapes and proportions of the various elements,
values of parameters, mounting arrangements, use of materials, colors, orientations, etc.).
For example, the position of elements may be reversed or otherwise varied and the nature or
number of discrete elements or positions may be altered or varied. Accordingly, all such
modifications are intended to be included within the scope of the present disclosure. The
order or sequence of any process or method steps may be varied or re-sequenced according
to alternative embodiments. Other substitutions, modifications, changes, and omissions
may be made in the design, operating conditions and arrangement of the exemplary

embodiments without departing from the scope of the present disclosure.

[0284] The present disclosure contemplates methods, systems and program products on
any machine-readable media for accomplishing various operations. The embodiments of
the present disclosure may be implemented using existing computer processors, or by a
special purpose computer processor for an appropriate system, incorporated for this or
another purpose, or by a hardwired system. Embodiments within the scope of the present
disclosure include program products comprising machine-readable media for carrying or
having machine-executable instructions or data structures stored thereon. Such machine-
readable media can be any available media that can be accessed by a general purpose or
special purpose computer or other machine with a processor. By way of example, such
machine-readable media can comprise RAM, ROM, EPROM, EEPROM, CD-ROM or

other optical disk storage, magnetic disk storage or other magnetic storage devices, or any
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other medium which can be used to carry or store desired program code in the form of
machine-executable instructions or data structures and which can be accessed by a general
purpose or special purpose computer or other machine with a processor. When information
is transferred or provided over a network or another communications connection (either
hardwired, wireless, or a combination of hardwired or wireless) to a machine, the machine
properly views the connection as a machine-readable medium. Thus, any such connection
is properly termed a machine-readable medium. Combinations of the above are also
included within the scope of machine-readable media. Machine-executable instructions
include, for example, instructions and data which cause a general purpose computer, special
purpose computer, or special purpose processing machines to perform a certain function or

group of functions.

[0285] Although the figures show a specific order of method steps, the order of the steps
may differ from what is depicted. Also two or more steps may be performed concurrently
or with partial concurrence. Such variation will depend on the software and hardware
systems chosen and on designer choice. All such variations are within the scope of the
disclosure. Likewise, software implementations could be accomplished with standard
programming techniques with rule based logic and other logic to accomplish the various

connection steps, processing steps, comparison steps and decision steps.
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WHAT IS CLAIMED IS:

1. A method for processing and presenting information to a vehicle occupant via a

vehicle interface system, the method comprising:

presenting information to the vehicle occupant via at least one electronic display of

the vehicle interface system;
running a plurality of software applications on the vehicle interface system;
connecting a user device to the vehicle interface system;

identifying a non-vehicle-specific version of one of the plurality of software

applications installed on the user device; and

installing a vehicle-specific version of the identified software application on the
vehicle interface system in response to identifying the non-vehicle-specific version of the

software application installed on the user device.

2. The method of Claim 1, further comprising:

partitioning a display field of the at least one electronic display into a plurality of

virtual operating fields; and

assigning each of the plurality of virtual operating fields to display information for

one of the plurality of software applications.

3. The method of Claim 2, wherein assigning each of the plurality of virtual operating
fields comprises assigning at least one of the virtual operating fields to display information

from the vehicle-specific-version of the identified software application.

4. The method of Claim 2, wherein each of the plurality of virtual operating fields

covers a non-overlapping portion of the display field.
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5. The method of Claim 1, further comprising:

searching an applications database for a vehicle-specific version of the identified

software application; and

downloading the vehicle-specific version of the identified software application to the

vehicle interface system from the applications database.

6. The method of Claim 1, further comprising:

presenting, via the electronic display, a prompt for the vehicle occupant to select
whether to install the vehicle-specific version of the identified software application on the

vehicle interface system;

wherein the vehicle-specific version of the identified software application is
installed on the vehicle interface system in response the vehicle occupant selecting to install

the vehicle-specific version of the identified software application via the prompt.

7. The method of Claim 1, further comprising:

determining that credentials are required to install the vehicle-specific version of the

identified software application;

automatically obtaining the credentials from at least one of the user device and the

vehicle interface system; and

using the credentials to install the vehicle-specific version of the identified software

application.
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3. A method for processing and presenting information to a vehicle occupant via a

vehicle interface system, the method comprising:

presenting information to the vehicle occupant via at least one electronic display of

the vehicle interface system;
running a plurality of software applications on the vehicle interface system;
connecting a user device to the vehicle interface system;

receiving, at the vehicle interface system, control signals from the user device,
wherein the control signals are based on input from the vehicle occupant using the user

device as a control apparatus;

adjusting the information presented via the at least one electronic display in response

to receiving the control signals from the user device.

9. The method of Claim 8, further comprising:

partitioning a display field of the at least one electronic display into a plurality of

virtual operating fields; and

assigning each of the plurality of virtual operating fields to display information for

one of the plurality of software applications.

10. The method of Claim 9, wherein each of the plurality of virtual operating fields

covers a non-overlapping portion of the display field.

11. The method of Claim 8, further comprising:

querying the vehicle occupant regarding whether to use the user device as a control

apparatus; and

configuring the vehicle interface system to accept control signals from the user
device in response to the vehicle occupant selecting to use the user device as a control

apparatus.
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12. The method of Claim 8, further comprising transmitting a user interface to the user
device, the user interface providing an overview of the plurality of software applications
running on the vehicle interface system and allowing the vehicle occupant to interact with

the plurality of software applications via the user device.

13. The method of Claim 8, further comprising:

assigning each of a plurality of virtual operating fields to display information for one

of the plurality of software applications;

displaying a first of the virtual operating fields using the electronic display of the

vehicle interface system; and

displaying a second of the virtual operating fields using an electronic display of the

user device.

14. The method of Claim 8, further comprising using computational resources of the
user device to support the plurality of software applications provided by the vehicle

interface system.

15. A method for processing and presenting information to a vehicle occupant via a

vehicle interface system, the method comprising:

presenting information to the vehicle occupant via at least one electronic display of

the vehicle interface system;
running a plurality of software applications on the vehicle interface system;

partitioning a display field of the at least one electronic display into a plurality of

virtual operating fields;

assigning a first software application of the plurality of software applications to a

first virtual operating field of the plurality of virtual operating fields; and

selecting a layout for the first software application based on a layout of the first

virtual operating field.
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16. The method of Claim 15, further comprising;:

assigning each of the plurality of virtual operating fields to display information for

one of the plurality of software applications; and

displaying information from the plurality of software applications in the assigned

virtual operating fields.

17. The method of Claim 15, further comprising;:

determining whether a current layout of the first software application fits a current

layout of the first virtual operating field; and

reformatting the current layout of the first software application to improve a fit of

the first software application to the first virtual operating field.

18. The method of Claim 17, wherein reformatting the current layout of the first
software application comprises rearranging content of the first software application to fit at

least one of a size and an aspect ratio of the first virtual operating field.

19. The method of Claim 15, further comprising;:

determining whether a current layout of the first software application fits a current

layout of the first virtual operating field; and

reformatting the current layout of the first virtual operating field to improve a fit of

the first software application to the first virtual operating field.

20. The method of Claim 19, wherein reformatting the current layout of the first virtual
operating field comprises at least one of resizing, repositioning, and adjusting an aspect
ratio of the first virtual operating field to fit the current layout of the first software

application.
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